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Henry Radio

has the |
amplifier -
you want

Never before has one company
manufactured such a broad line of
amateur amplifiers, both vacuum tube
and solid state, for HF, VHF and UHF;
fixed station and mobile; low power and
high power. Take your pick from 20
models...the world’s finest line of

iy e

amateur amplifiers.

2K-4. ..
THE “WORKHORSE"

The 2K-4 linear amplifier offers engineering, construction
and features second to none, and at a price that makes it the
best amplifier value ever offered to the amateur. Constructed
with a ruggedness guaranteed to provide a long life of
reliable service, its heavy duty components allow it to loaf
along even at full legal power. If you want to put that
strong clear signal on the air that you‘ve probably heard
from other 2K users, now is the time, Move up to the
2K-4. Floor console or desk model ..$995.00

3K-A COMMERCIAL/MILITARY AMPLIFIER

A high quality linear amplifier designed for commercial
and military uses. The 3K-A employs two rugged Eimac
3-500Z grounded grid triodes for superior linearity

and provides a conservative three kilowatts PEP input on
SSB with efficiencies in the range of 60%. This results

in PEP output in excess of 2000 watts. In addition, the
3K-A provides a heavy duty power supply capable of
furnishing 2000 watts of continous duty input for either
RTTY or CW with 1200 watts output. Price...$1250.00
4K-ULTRA

The 4K-ULTRA is specifically designed for the most
demanding commercial and military operation for SSB,
CW, FSK or AM. The amplifier features general coverage
operation from 3.0 to 30 MHz. Using the magnificent
new Eimac 8877 grounded grid triodes, vacuum tune and
load condensers, and a vacuum antenna relay, the
4K-ULTRA represents the last word in rugged, reliable,
linear high power RF amplification. 100 watts drive
delivers 4000 watts PEP input. This amplifier can be
supplied modified for operation on frequencies up to
about 100MHz. Price...$2950.00

TEMPO 6N2

The Tempo 6N2 brings the same high standards of
performance and reliability to the 6 meter and 2 meter
bands. Using a pair of advanced design Eimac 8874 tubes,
it provides 2,000 watts PEP input on SSB or 1,000 watts
input on FM or CW. The 6N2 is complete in one compact
cabinet with a self-contained solid state power supply,

built-in blower and RF relative power indicator. Price...$795
TEMPO 2002

The same fine specs and festures as the 6N2, but for

2 meter operation only. ...$695.00

TEMPO 2006

Like the 2002, but for 6 meter operation. ..$695.00
TEMPO T-2000 LINEAR AMPLIFIER

The brand new T-2000 linear is the perfect companion
for the Tempo ONE. It is compact, reliable, and priced
right, Uses two Eimac 8873 grounded grid triodes cooled
through a large heat sink. The T-2000 offers a full 2

KW PEP input for SSB operation and provides

amateur band coverage from 80—10 meters. Provides

a built-in solid state power supply, built-in antenna relay,
a relative RF power indicator, and built-in quality

to match much more expensive amplifiers. $795.00
K-2000 LINEAR AMPLIFIER

The new K-2000 is the perfect companion for Kenwood's
TS-520...matched for style and circuitry. The same
specifications as the T-2000...$795.00

TEMPO VHF/UHF AMPLIFIERS

Solid state power amplifiers for use in most land mobile
applications. Increases the range, clarity, reliability and speed
of two-way communicatios. FCC type accepted also.

TEMPO 100AL10 VHF LINEAR AMPLIFIER
Completely solid state, 144-148 MHz. Power output of 100 watts
(nom.) with only 10 watts (nom.) in. Reliable and compact.

please call or write for complete information.

Hemry failo

11240 W. Olympic Blvd., Los Angeles, Calif. 30064 213/477-6701
931 N. Euclid, Anaheim, Calif. 92801 714/772:9200
Butler, Missouri 64730 816/679-3127

Prices subject to change without notice



The perfect
spectrum analyzer
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y ) ROHDE & SCHWARZ - ANALYSKOP - EZF - BN 15091

Discover Signals Normally Hidden =90 dB down
and Fight Birdies.

This outstanding R&S Spectrum Analyzer with UHF tuner, Type EZF/EZFU will

save you precious time in your signal evaluations and, it's a complete system . . .

you need no other equipment.

FEATURES:

B Frequency Range: 6 kHz - 2.7 GHz

®m Continuously variable crystal controlled tuning (no YIG oscillators are used)
B Frequency counter gives digital frequency calibration to 1 kHz
|

Superimposed level line calibrated in dB, independent of gain setting and
drifting — no recalibration

Automatic identification of overdrive spurious signals
B Time domain display of AM & FM with demodulator output

B This is the first time a filter shape factor of 1 - 2.5 (or better) has ever been
achieved in a Spectrum Analyzer; it provides unsurpassed resolution

Have you ever seen a resolution pic-
ture like this . . . It's only possible if
you use the EZF/EZFU from R&S.

Write or call for complete information and to
schedule a demonstration.

World. Loadin it B + Commannications [pv Qoor 40 Ypans
ROHDE & SCHWARZ

14 Gloria Lane, Fairfield, N.J. 07006 = (201) 575-0750 = Telex 133310



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 flexibility in estab-

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.
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-

o
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of codes, including Baudot, ASCII
and Morse. The powerful, program-
mable B0BOA microprocessor is in-
cludedinthe circuitry to assure maxi-
mum flexibility for 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 request. Write 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
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a second look
by Jim Fisk

Recently there has been increased interest in the work of Nikola Tesla, one of the most
remarkable inventors of all time, and a man who has rightfully been called the “father of radio”
by some of his contemporaries. Born in Yugoslavia 120 years ago, Tesla arrived in America in
1884 with only four cents in this pocket and a letter of introduction to Thomas Edison. Edison
immediately put the new immigrant to work in his New York laboratories, but the methods and
temperament of the two men were fundamentally different, and the arrangement lasted less
than a year. Tesla was a lone wolf, secretive, tried nothing which he had not previously thought
out to the last detail, and believed that alternating current was the electrical power of the
future. Edison, on the other hand, preferred to work by trial and error and was totally commit-
ted to the direct current which powered the incandescent lamps which he invented and his
company lighted.

After leaving Edison’s employ Tesla worked as a common laborer — the only job he could
get — but his fortunes changed in 1887 when he persuaded some financiers to underwrite his
own Manhattan laboratory. His multiphase ac machinery, the designs for which he had been
carrying around in his head for five years, was built, tested, and patented before the end of the
year. George Westinghouse, Edison’s competitor, reportedly paid Tesla a million dollars for the
patents, but after Tesla’s death in 1943 a personal friend said that Tesla actually got only
$200,000, and two-thirds of that went to his financial backers. Considering that practically all
modern alternating-current machinery — generators, motors, converters, regulators and trans-
formers - are based on early Tesla patents, the price was a pittance.

Tesla’s best known invention is probably the Tesla coif, the high-frequency, air-core oscilla-
tion transformer which is still used in laboratories to demonstrate high-voltage phenomenon.
The largest of these, which Tesla built in Colorado in 1899, was used to light 200 50-watt lamps
at a distance of 26 miles without any connecting wires. Convinced of the possibility of wireless
power transmission, Tesla began construction of his first demonstration plant on Long Island in
1904. Shortly after the massive, 187-foot octagonal tower was completed, however, he ran out
of money and was forced to abandon the project. Since Tesla never revealed how large an area
he intended to cover and he kept few notes, little is known about the installation. However, this
and other of his warks are receiving renewed interest from modern energy researchers.

Not so well known are Tesla’s many inventions in the fields of lighting, turbine engineering,
automation, high-frequency alternators, Xray apparatus, induction heating, and radio communi-
cations. One of his neglected inventions, still unused, was a carbon-button lamp which gave
twenty times more light, for the same amount of current, as Edison’s incandescent filament
lamp. He also discribed a system for detecting ships and other distant objects by aiming a
powerful beam of short-wave impluses at them and picking up reflections on a fluorescent
screen — a clear prophesy of the radar of the future.

Tesla first started working with high-frequency energy in the late 1880s, and at a lecture in
1892 he demonstrated wireless communications circuits which contained all the basic elements
of those adopted several years later by Marconi and others. These circuits remained the same
for all radio communications until the introduction of the transmitting electron tube nearly
three decades later.

Believing that point-to-point communications was an obvious application of Hertz's own
1887 experiments, Tesla made no attempt to patent his very early wireless apparatus. He was
primarily interested in developing a new and efficient method of wireless power transmission,
and although he was never completely successful, he developed and patented some of the most
advanced wireless apparatus of the day, apparatus which was eagerly adapted by others for
more profitable purposes.

in 1915 Tesla sued Marconi for infringement of his patent rights. In the long and drawn out
court battle that followed Tesla became more and maore of a recluse, poverty stricken, moving
from one hotel to another when he wasn’t able to pay his bills. Ironically, shortly after his
death the Supreme Court finally declared that Marconi’s four-circuit wireless patent (his most
important) was invalid — it was predated by the work of Tesla, John Stone, and Oliver Lodge.
Both Stone and Lodge acknowledged that their inventions had been inspired by the earlier
lectures of Tesla. Perhaps on this 120th anniversary of his birth Tesla will begin to receive some
of the recognition he deserves — without his genius we would all be the poorer.

Jim Fisk, WIDTY
editor-in-chief



the little surprise

The IC-22A has caused some pretty big surprises since it first started making waves in
VHF-FM. Veteran operators have been delightfully surprised by its sophisticated styling and
ease of operation; FM beginners, by its versatility, large number of possible channels, and its
great value as a starter unit for FM transceiving; and all owners, by its unexcelled high
quality construction and low maintenance problem record, ICOM traditions. The competition
was in for a big surprise as it raced past everything in its field to become the most popular two
meter crystal controlled radio on the market. Surprise. Surprise.

But the IC-22A’s best surprise is the little surprise, its price. surprise. The little radio with all
the big surprises is also the best FM transceiver value available. Engineered for versatility
and sophistication: priced within the reach of the most mod-
est beginner. Whether the IC-22A is your first FM or your
last, you're in for a little surprise.

SEMICONDUCTORS
TRANSISTORS 22

FET 4 POWER OUTPUT HI 10 Watts, LO 1 Watt
Ic 3 BANDWIDTH (TRANSMITTED) 15KHz with 5KHz deviation
DIODES 16 MICROPHONE DYNAMIC 500 Ohms
SENSITIVITY 4 microvolts lor 20DB quieting
FREQUENCY RANGE 146- 148MHz 3 microvolts for 1208 SINAD
INTERMEDIATE FREQUENCIES 10.7MHz First ILF
CHANNELS 22 455KHz Second |F
MODULATION Phase, F3 MODULATION ACCEPTANCE 7KHz peak dev freq. less than 3KHz
VOLTAGE 13.8 (15%) RECEIVER BANDWIDTH +/ - 13KHz more than - 6DB
SIZE 58x 156x2305 (dim in MM) + /- 23KHz more than - 60DB
WEIGHT 1.7 kilos AUDIO POWER 1 Watt into 8 Ohms
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 102 march 1976 [ 5



POWER SEND CEN NB

3

PHONES
FM

When you
get tired
~ of compromises...

LSB— | —uss

@ KENWOOD 2m ALL MODE TRANSCEIVER g‘m"”w
TONE

KENWOOD'S TS-700A finally fuffills the promise

of 2-meters...

more channels, more versatility,

tunable VFO, SSB-CW and, best of all, the type
of quality that has placed the Kenwood name

out front.

« Operates all modes: SSB (upper & lower),
FM, AM, and CW

» Completely solid state circuitry provides
stable, long lasting, trouble-free operation

» AC and DC capability. Can operate from
your car, boat, or as a base station through
its built-in power supply

« 4 MHz band coverage (144 to 148 MHz)
instead of the usual 2

» Automatically switches transmit frequency
600 KHz for repeater operation. Just dial in
your receive frequency and the radio does
the rest. .. Simplex repeater reverse

« Or do the same thing by plugging a single
crystal into one of the 11 crystal positions for
your favorite channel

= Qutstanding frequency stability provided
through the use of FET-VFO

= Zero center discriminator meter

» Transmit/ Receive cabability on 44 channels
with 11 crystals

» Complete with microphone and built-in
speaker

» The TS-700A has been thoroughly field-
tested. Thousands of units are in operation
throughout Japan and Europe

The TS-700A is available at select Kenwood
dealers throughout the U.S. For the name of
your nearest dealer, please write

Available at select K d dealers throughout the U.S.

Kenwood . . . pacesctter in amaleur radio

TRIO-KENWOOD
COMMUNICATIONS INC.

116 East Alondra / Gardena, California 90248

See the complete Kenwood line at any of
the following authorized Kenwood dealers®
Accutek, Inc.

420 Lavrens Rd, Greenwile, 5.C. 29607
Adirondack Radio Supply

185 W.Main 5t Amsterdam,N.Y, 12012
Amateur Electronic Supply

4828 West Fondu Lac Ave. Milwaukes, Wisc 53216
Amateur Electronic Supply

11929 Euchd Ave, Cleweland, Ohio 44112
Amateur Electronic Supply

621 Commaonwealth,Orlando Flo, 12803
Amateur Radio Center

2805 N.E Second Ave. Miami, Flo. 33137
Amateur Radio Snpulv Co

B213 131h Ave. South Seattie Wash, 98108
Asocated Radio Communications

B0 2 Comser, Overland Park, Kan, 66204
Burghardt Amateur Center

124 First Ave. NW, Watertown 5. Dak 57201
Conley Radio Supply

101 S. 31st St Billings,Mont. 53101
Craig Radio Company
Rte, One Bypass South, Kittery, Me 03904

Derrick Electronics
714 West Kenosha Broken Arrow, Dkla, 74012
Douglas Electronics

1118 5. S5taples Corpus Christi Tex, 78404
Electronic Center
127 Third Ave North Minneapalis Minn 55401

Electronic Distributors
1960 Peck St Muskegon, Mich, 49441

GAIN

Electronic Exchange
136 Main 5t Souderton, Pa. 18964
Electronic International Service Corp.
11305 Elkin St, Wheaton Md. 20902
Electronic Module
BO1 N Turner Hobbs N.M, BB240
Electronics Center
2929 N Haskell Dallas, Tex. 75204
Erickson Communications
5335 N, Milwaukee Ave, Chicago 11160646
Gary Radio, Inc.
B199 Clarremont Mesa Blvd, San Diego,Ca 92111
Graham Electromics
133 5. Penniylvania, Indmnapohs, Inc. 46240
Ham Radio Center
B342 Olive Blwd, 5. Lowse Mo, 63132
Ham Radio Outlet
999 Howard Ave, Burlingame Ca 94010
Hamtronics
4033 Brownsville Rd,, Trevose Pa 19047
Harrison Radio Corp.
20 SmithSt, Faroingdale L1 N.Y¥ 11735
Henry Radio, Inc
11240 W.Olympnc Blvd. Los Angeles, Ca 90064
Henry Radio
931 N_Euchd Anaheim,Ca 92801
Henry Radio Company
211 N.Main 5t Butler Mo 64730
Hobby Industry
1530 Avenue G, Council Bluffs, lowa 51501
Hooser Electronics
AR #24 Terre Haute, Ind, 47802
JRS Distributors
GAB W Market 51, York, Pa.17404
Klaus Radio, Ine.
H400 N Poneer Plowy . Peoria 11161614
Madison Electronics
1508 McKinney Ave. Houston, Tex. 77002
Manwill Supply Ca
2780 S Main 51.5alt LakeCity, Utah B4115
Portland Radio Supply

2 W . Stark St Partland, Or 97205
Professional Electronics
1710 Joan St Baltimore Md 21204
Radio, Inc
1000 South Main, Tulsa Okia. 741189
Radio Supply & Engineering
B5 Seldon Ave, Detroin, Mich 48201
Sere-Rose & Spencer Electronics
1465 Wells Station Ad. Memphi, Tenn 38108
Service Electric Co.
744 Water 51. Ketchikan Al.99301
Srepco Electronics
314 Leo St,,Dayton,Ohio 45404
Vickers Electronics
500 E Main St ,Dutham N.C.27702
Webster Radio
2602 E . Ashlan, Fresno,Ca 93726
* These are the only deslers suthorired by Trio Kenwood
Communications, inc. 1o sell and swrvice Kenwood products




YES!

Thereis an antenna
that your neighbors
will love!

,ﬂ@//. We know you’re not going to believe your
neighbors will like your new 20 meter
beam; but just wait until they CAN'T
see it.

Introducing a little functional beauty.
The new DenTron trim-tenna™ 20 meter
beam.

The trim-tenna™ is designed for the
discriminating amateur who wants fan-
tastic performance in an environmentally
appealing beam.

t's really loaded! Up front there’'s a 13 feet
6 inch director with precision Hy-Q coils.
And, 7 feet behind is a 16 foot driven ele-
ment fed directly with 52 ohm coax.

The trim-tenna™ goes up on your roof,
tripod, or chimney as easily as a color
TV antenna.

The difference in on-the-air performance
between the trim-tenna™ and a full size
2 element beam is negligible. But oh the
difference between the trim-tenna™ and
that dipole, long wire or inverted Vee
you've been using.

§ trim-tenna™ ... 129.50 post paid U.S.A.
M from DenTron Radio or your favorite dealer.

* The secret is proper placement
: of factory sealed Hy-Q inductors
e Heavy gage seamless aluminum
e Light weight
o SWR less than 2:1 over
the entire band

Radio Co,, Inc. o
2100 Enterprise Parkway

Twinsburg, Ohio 44087

{216) 425-3173 m
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presst®p

A NEW WARC TASK FORCE for '"Research and Support' was announced by Chairman John
Johnston as the first item of business at the January 20th WARC '79 meeting in Washing-
ton. This Task Force will be headed by Dick Baldwin and will supply (through ARRL)
the basic working group support for Amateur Radio WARC preparation he had promised at
the December meeting.

The Proposed Frequency Table was then reviewed by the Task Force chairmen with no
significant changes from those previously proposed (Presstop, February, 1976 issue).
Asking and getting are different things, however. Other U.S. groups are reported to
be after 3.9-4.0, 7.2-7.3, 146-148, and 220-225 MHz (see below), and broadcast would
like to extend their a-m band upper limit from 1605 to 1805 kHz!

CB'S WARC MEETING on January l13th generated frequency recommendations of one MHz
between 26-28; 5 MHz between 216-230 (220-225 MHz preferred), 10 MHz between 470-947
(around 900 MHz preferred), and 200 MHz between 15 and 25 GHz. Present Class-C (72
MHz) and Class-A (462/467 MHz) would remain unchanged.

SIGNING "MOBILE'" OR '"PORTABLE'" with your call will never again be required if a
just released Notice of Proposed Rule Making becomes part of the Amateur rules. Docket
20686 also proposes that the requirement for notifying the FCC before engaging in an
extended period of portable operation be deleted.

Comment Due Date is February 27, with Reply Comments due on March 8. Though Docket
20686 would make it unnecessary to indicate portable or mobile operation, it would not
prohibit such identification — a generally favorable Amateur response is expected,
but such a rules relaxation could cause confusion in contests and for award programs.

FCC'S NEED FOR ENFORCEMENT "TEETH' highlighted FCC Chairman Richard Wiley's message
to Congress in an appearance before the Senate Commerce Subcommittee January 20. He'd
like to be able to double the size of the fines the Commission can levy, extend its
authority to cover unlicensed as well as licensed radio operators since under the pre-
sent rules unlicensed operators — principally CB violators — must be turned over to
the Justice Department for prosecution after the FCC has tracked them down.

TRANSMITTER SPURIOUS OUTPUTS such as those previously reported from the Heathkit
2026 and early Multi-2000 are not the only problems facing buyers of vhf/uhf Amateur
gear. Because of the potential interference to the many services using the higher fre-
quencies, all receivers that tune above 30 MHz that are sold commercially must be FCC
certified that they meet the limits on radiation specified in Part 15 of the rules.

Some Japanese Imports have come in without Part 15 certification and reports are
that some uncertified equipment is being sold currently on the Amateur market.

CANADIAN AMATEURS requesting reciprocol privileges no longer have to have a U.S.
mailing address — the change, which also applies to CB licenses, is effective
immediately.

UNLICENSED AMATEUR-LIKE ACTIVITY by the "HF gang' operating on ssb in the region
between channel 25 and 27.5 MHz grows at an ever increasing pace. Latest report is
that 10,000 each of HF- and HFA- series ''calls' have been assigned to these illegal
stations and they are now well into the HFB- numbers! With rumors abundant that
Class~D CB expansion to 27.5 MHz is due out shortly, it's not at all unlikely that
we'll soon find more of them than licensed Amateurs on the 10-meter band

Amateurs Can Assist FCC in their efforts to cope with this illegal tide by re-
porting to the FCC any information they pick up listening to the HFers that might
help in identifying individual operators — some have been heard recently giving
their complete street addresses for QSL purposes, and since their's is an entirely
illegal operation, the restrictions concerning secrecy of communications do not
apply. Reports can be sent to the Engineer In Charge of your nearest FCC Field
Office, but better yet would be one of the four FCC Special Enforcement Facilities
with a carbon to your local EIC. Write Supervisor, FCC SEF at P.0. Box 1588, Grand
Island, Nebraska 68801; P.0. Box 65, Powder Springs, Georgia 30073; 2914 W. Edinger
Avenue, Box 5126, Santa Ana, California 92701; or P.0. Box 36, Laurel, Maryland 20810.

HIRAN DOCKET proposing shared use of 420-450 MHz band by the off-shore oil rig
radio location system has finally made it into the home stretch and will be out very
soon. Reports are that despite strenuous Amateur and Citizens Division opposition
HIRAN will get to share the band on a temporary, non-interferring basis as Docket
20147 had initially proposed.

RCA WILL STOP TUBE PRODUCTION and close its historic Harrison, New Jersey plant
July 30th. However, RCA will continue to make some types overseas and buy others
from other makers so does plan to continue as a major tube supplier for some time
to come.
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NOW.
Top-of-the-Line
Tri-Ex Towers

for HAM operators
at basic prices!
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Now you can afford the best!
Free-standing or guyed,
Tri-Ex Towers stress quality.
All towers are hot dipped
galvanized after fabrication
for longer life. Each

series is specifically engi-
neered to HAM operator
requirements.

W Serizes

An aerodynamic tower
designed to hold 9 square
feet in a 50 mph wind. Six
models at different heights,

MW Series

Self-supporting when
attached at first section —
will hold normal Tri-Band
beam. Six models.

LM Serzes
A ‘W' brace motorized tower.
Holds large antenna loads

up to 70 feet high.
Super buy.

TM Serzes

Features tubular construc-
tion for really big antenna
loads. Up to 100 feet.
Free-standing, with motors
to raise and lower.

THD Series

Very popular. Low Cost.
Holds Tri-Band antennas.
Eight models — all support 7
square feet of antenna

at full height in 70 mph
winds. Guyed.

Start with Top-of-the-Line
Tri-Ex Towers. At basic
prices. Write today, for your
best buy.

@ ®
ri=Ex
TOWER
CORPORATION

7182 Rasmussen Ave.
Visalia, Calif. 93277
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survey of

A comprehensive review
of many circuits

with recommendations
to help you choose

the crystal oscillator
best suited

to your design needs

Crystal oscillators are fundamental to radio-communica-
tions equipment and, today, to many digital devices such
as clocks, frequency meters, and some precision measur-
ing instruments. Crystal-oscillator circuits abound, and
design choice depends on the application and desired
characteristics.

This article presents an overview of solid-state crystal
oscillators, many of which have been gleaned from the
literature. Unfortunately, many published circuits have
unknown or little-understood characteristics, whereas
others have inherent pitfalls that can trap the unwary. A
major purpose of this article is to ferret out these ques-
tionable crystal-oscillator circuits and offer guidelines on
what to expect if construction is contemplated.

Fundamental-frequency and overtone-frequency
crystal oscillators are reviewed. Applications are pre-
sented for low- and high-frequency circuits, 1-MHz time-
base clocks, TTL-compatible oscillators using !Cs, vari-
able-frequency oscillators (VXOs), oscillator-multipliers,
and multichannel (switchable) oscillators. The article is
prefaced with a short discussion on quartz-crystal
resonant modes, which is necessary to an understanding
of how these crystals operate in an oscillatory circuit.

It's sometimes desirable to know something of the
various crystal cuts for a particular application; such a
discussion is beyond the scope of this article. References

crystal oscillators

One thing little appreciated about quartz crystals is
that the crystal can oscillate in two resonant modes:
parallel and series. The two resonant frequencies are
separated slightly, typically 2 to 15 kHz. The series-
resonant frequency is lower than the parallel-resonant
frequency. Oscillator circuits are designed so that the
crystal oscillates in one of these modes. Few articles
note that a crystal specified and calibrated for use in a
parallel-mode circuit may be satisfactorily used in a
series-mode circuit if a capacitor equal in value to the
circuit’s specified parallel-mode load capacitance (usu-
ally 20, 30, 50 or 100 pF) is placed in series with the
crystal. Unfortunately, the converse isn‘t true. The
series-mode crystal will oscillate above its calibrated
frequency in this case, and it's usually impossible to pull
it down sufficiently with capacitive loading.

Overtone crystals always operate in the series mode,
usually on the 3rd, 5th or 7th overtone, and manufac-
turers usually calibrate the crystal at the overtone fre-
guency, not at the fundamental frequency. Operating a
crystal in the parallel mode and multiplying the fre-
quency three or five times doesn’t produce the same
result as operating the same crystal in the series mode on
its third or fifth overtone. When ordering overtone
crystals, avoid confusion and specify the frequency you
want, not the apparent fundamental frequency!

For crystals used in parallel-resonant-mode oscillator
circuits, the load capacitance must be specified, as stated
above. Take into account device input capacitances, cir-
cuit capacitance across the crystal, and strays. A load
capacitance of 30 pF is the most usual specified value. A
trimmer is often used in parallel-mode circuits for exact
frequency setting and is a desirable feature. When order-
ing crystals to be used in the series mode, a load capaci-
tance is not specified.

Crystal oscillator circuits can be divided into two
modes of operation: fundamentai-frequency oscillators
and overtone oscillators. Fundamental-frequency crys-
tals cover the frequency range to 20 MHz, although
fundamental-frequency crystals above 15 MHz are
uncommon and very fragile. Fundamentai-frequency
crystals are usually specified for paralliel-mode opera-
tion, but series mode can be requested. Low-frequency
crystals, below 500 kHz, are often best operated in the
series mode. Overtone crystals cover 15 to 150 MHz,

By Roger Harrison, VK2ZTB, 14 Rosebery Street,
Balmain NSW 2041, Australia

1 to 8 contain suitable material; references 1 to 5 are
particularly recommended.
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Overtone crystals above 100 MHz are usually fragile and
expensive but are handy for uhf oscillator-multipiier
chains.

The choice of a circuit will depend on your applica-
tion. Various applications will require sine-wave output,
square-wave output or a harmonic-rich output, for exam-
ple. Other applications may require an oscillator to
accept crystals covering a wide frequency range or an
oscillator to drive a TTL digital device.

In any crystal oscillator circuit it's desirable to have
some means of setting or trimming the frequency and to
be able to adjust the feedback, easily and in a noncritical
manner, to limit crystal power dissipation. Being able to
control the feedback has other advantages, as we shall
see later. The most convenient way to adjust feedback is
to vary resistors or capacitors. Coil taps and tickler wind-
ings don't provide the same ease of fineness of adjust-
ment.

The permissible maximum power dissipation of
crystals in the 1 to 20 MHz range, operating in the fun-
damental mode, is about 200 microwatts and is similar
for overtone operation. Most low-frequency crystals,
below 1 MHz, have a permissible maximum power dissi-
pation of 100 microwatts and shoutd be operated with a
dissipation below 50 microwatts. Operating a crystal
above or near this fevel degrades its stability, and the
circuits chosen here avoid this problem by limiting the
dissipation.

The equivalent crystal series resistance, which deter-
mines its activity, determines crystal power dissipation.
The higher the series resistance, the lower the permis-
sible power dissipation. Reference 5 gives a representa-
tive list for those interested. Using an 807 tube with 600
volts on the anode in a Pierce crystal oscillator is not
recommended - you’ll probably fracture the crystal.
The main point to remember is that crystal oscillators
are meant to provide a stable frequency source, not pow-
er output. Frequency stability, both short and long
term, and crystal life are compromised when an oscil-
lator is operated at an excessive power level. In all appli-
cations it's wise to use a regulated source of supply
voltage.

—O +6 TQ
12v

L
j7\‘<

i

fig. 1. Aperiodic (Butler) oscillator; a series-mode oscillator with
sine-wave output. Reducing R2 to about 1k will produce good
harmonics to 30 MHz with a 100-kHz crystal. Transistors Q1, Q2
and Q3 are 2N918, 2N2222, 2N3563, 2N3564, 2N3693,
2N3694, 2N5770, AY1119, BC107, BC108, BC109, BC547,
BCS548, BC549, or SE1001.

aperiodic oscillators

These circuits don’t use tuned circuits and can oper-
ate over a very wide frequency range. The only compo-
nent that requires changing for a change in frequency is
the crystal. This can be a very useful advantage, whether
the circuit is used simply as a ‘‘crystal checker” or in
some other application. For low-frequency crystals,
tuned circuits tend to be butky, and an aperiodic oscilla-
tor has a distinct advantage. However, such oscillators
aren’t without drawbacks. Some low-frequency crystals,

‘T—O SUPPLY

0,22

fig. 2. Adding diodes to
the circuit of fig. 1 lim-
its oscillator amptitude
and hence crystal
power dissipation; start-
ing performance is also
improved.

particularly DT and CT cut, are prone to oscillation on
unwanted modes.

When using an aperiodic oscillator, it's wise to check
that the output is on the correct frequency and that no
mode instability exists. With these crystals, the esr
{equivalent series resistance) of higher-order oscillation
modes is often less than the fundamental-mode esr. As a
consequence, the crystal oscillates more readily in the
undesired mode. One way around this problem in an
aperiodic oscillator is to use a transistor with high small-
signal gain at low frequencies that decreases rapidly
above the desired operating frequency. In extreme cases,
an oscillator with a tuned circuit may be necessary.

The circuit in fig. 1 is an aperiodic Butler oscillator.
The basic circuit was first published in VHF Communi-
cations® and has since appeared in various versions in
other amateur publications. A similar circuit is discussed
by M. Lane® (see also fig. 3). The output of the circuit
in fig. 1 is essentially a sine wave, although the second
and third harmonics are not much attenuated. Reducing
the Q2 emitter resistor increases the harmonic output.
Reducing this resistor to about 1k will produce good
harmonics to 30 MHz from a 100 kHz crystal. Being a
Butler oscillator, it's a series-mode circuit. Oscillation is
noncritical with supply voltage variation, although fre-
quency stability is affected. A regulated supply is recom-
mended for applications where stability is important,

As indicated, a variety of transistors may be used. For
crystals above 3 MHz, transistors with a high gain-
bandwidth product (fr at least 100 MHz) are recom-
mended. For crystals in the 50 to 500 kHz range, transis-
tors with high low-frequency gain, such as the 2N3565
or BCH49, are recommended. Low-frequency crystals, as
mentioned before, have a permissible power dissipation
limit of 100 microwatts, and amplitude limiting may be
necessary. Low supply voltage, consistent with reliable
starting, is one way of achieving this. The addition of
diodes to the circuit, as in fig. 2, is probably a better
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fig. 3. Aperiodic emitter-coupled oscillator {(after
Lane, reference 6). This circuit is somewhat frequency
sensitive to power-supply voltage variations and load
changes despite buffered output. Transistors Q1, Q2,
and Q3 are 2N 3646, 2N3013 or MPS3646.

method, and starting performance is improved. The cir-
cuit will oscillate with fundamental-mode crystals to at
least 15 MHz with appropriate values of R1 and R2 as
well as the appropriate transistors. As shown in the cir-
cuit, an emitter follower {(or source follower} is
recommended.

The aperiodic oscillator in fig. 3 is discussed by
Lane,® and comments similar to those above apply here.
It is also slightly frequency sensitive to power-supply
voltage variations. Load changes also affect frequency
stability slightly despite the buffered output. A mini-
mum load of 1k is desirable.

The two oscillator circuits just described are series-
mode oscillators adapted to accept parallel-mode cry-
stals. When using a known series-mode crystal, the trim-
ming capacitance in series with the crystal should be
replaced by a short circuit.

An aperiodic parallel-mode oscillator is shown in fig.
4. |t's a wideband dc amplifier, with the crystal provid-
ing feedback. A crystal operating in the parallel mode
has a 180-degree phase reversal across it; consequently,
here it provides positive feedback. The 3 to 30 pF trim-
mer from Q1 base to ground is for frequency setting. A
buffer is recommended. The output is not a pure sine
wave and the harmonic level is fairly high.

There are many other aperiodic oscillator circuits, but
the three discussed here have proven to have repeatable
characteristics. Most 1C TTL oscillators are aperiodic,
but their application is in digital equipment generally,
and they are covered in a later section,

low-frequency oscillators

Crystals in the 50 to 500 kHz range are commonly
CT or DT cut, but regardless of the cut, they require
special considerations not encountered with the more
common AT- or BT-cut crystals used in the high-
frequency range. As mentioned previously, their esr is
usually high and they are prone to oscillating in a higher-
order mode, usually at twice the fundamental frequency.

The circuit in fig. 5 has two advantages. It doesn’t
require a tuned circuit and you have a choice of either
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sine- or square-wave output. For crystals in the 20 to
150 kHz range, 2N3565, 2N2920 or 2N2979 transistors
are recommended to avoid mode-instability problems.
Any of the other types listed are satisfactory for crystals
in the 150 to 500 kHz range. Frequency stability and
mode stability are good, and the circuit makes an excel-
lent oscillator for troublesome FT241 crystals. If the
crystal won't start reliably, it probably has a high esr. In
this case increase R1 to 270 ohms and R2 to 3.3k. For
square-wave operation, C1 is 1 uF or a standard value
either side. Do not use an electrolytic capacitor. C1 is
deleted for sine-wave operation. Harmonic output for
sine-wave operation is quite low; the second harmonic is
typically -30 dB or more.

A somewhat simpler, parallel-mode, low-frequency
oscillator is shown in fig. 6. It makes an excellent bfo for
455 kHz. Resistor R controls the feedback. If the oscil-
(ator won't start, reduce the value of R;. Increasing the
value of R¢ reduces harmonic output, a very handy fea-
ture. However, at the reduced level of feedback, the
oscillator can take up to 20 seconds to reach full output.
Harmonic output can be reduced to better than -40 dB.

To produce an output rich in harmonics, bypass the
transistor 100-ohm emitter resistor with a 0.1 uF capaci-
tor. Qutput will rise to about 3 volts rms. Power supply
voltage is best kept below 9 volts in this case. For cry-
stals having a specified load capacitance of 30 or 50 pF,
remove the 100 pF capacitor in series with the crystal.

Another simple circuit is shown in fig. 7. It has a
minor disadvantage in that it requires a coi! — usually a
bulky component. No coil data is given, but proprietary
prewound coils of the indicated inductance range are an
excellent solution. This circuit allows a simpler arrange-
ment than that of fig. 6, if switched crystals are desir-
able. The switch contacts should be inserted between C1
and L1 with each crystal having its own coil. Inter-
contact capacitance across the switch contacts should be
low. Adjusting the slug in L1 pulls the crystal frequency.

The circuit of fig. 7 is basically a series-mode circuit.
Parallel-mode crystals can be used by making C1 equal
to the specified load capacitance as mentioned earlier.
Performance is similar to the circuit of fig. 6; harmonic
output is usually better than -30 dB. CT- and DT-cut
crystals are usually used to cover 100 to 500 kHz. These

- ——Q +Vee
6 TO 12v

L, £

3 >

2 ™ Stk
XTAL
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1 ’_400:

OQUTPUT
(BUFFER RECOMMENDED)
APPROX. 2V pk-pk

1000

fig. 4. Aperiodic parallel-mode oscillator. The trimmer capacitor
sets the frequency. A buffer is recommended to overcome load-
ing problems. Q1 and Q2 are 2N914, 2N918, 2N3565, 2N5770,
BC109 or BC549.
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fig. 5. A low-frequency for 20-150 kHz for 150-500 kHz

series-mode oscillator -(af- crystals crystals
ter Lane, reference 6). No Q1,Q2, Qa3 Q1,Q2, Q3
tuned circuit is required 2N 3565 BC107, BC547
and either sine- or square- 2N2920 2N 3565
wave output is possible. 2N2979 2N5770
Circuit is excellent for 2N2222

troublesome FT241 crystals. OQutput is approximately 1.0 to 1.5
volt rms sine wave or 4-volt square wave (see text).

crystals are prone to oscillating at twice their funda-
mental frequency; for this reason, the circuit in fig. 7 is
recommended where such trouble may be experienced.

For crystals in the 40 to 100 kHz range, the +5-
degree X cut is common. The GT cut was once common
for this range (up to 250 kHz), and surplus crystals may
be of this type. The circuit in fig. 8 is recommended for
these crystals or where really cantankerous low-
frequency DT-cut crystals are encountered. To trim the
frequency of series-mode crystals, tune the slug in L1.
For parallel-mode crystals, C2 may be replaced by a
capacitor about two-thirds the specified load capacitance
in parallel with a 3 to 30 pF trimmer. The trimmer then
serves as the frequency adjustment and L1 is peaked for
maximum output. The use of a buffer is recommended.

A circuit seen commonly in the literature is that of
fig. 9. It works quite well, most of the time, but suffers
from a number of disadvantages. Feedback is dependent
on the gate-drain capacitance, a highly variable quantity;
stability suffers. It is prone to a) frequency pulling with
load changes despite good buffering, and b) output-level

0 +6 TO 12v
3
3.3k »——K——o oUTAUT

o (MIN. tk LOAD)

0.1 APPROX. 1.0 TO
1.5V RMS

E b
120k 2.2k3 ; N0

fig. 8. Low-frequency (50 to 500 kHz) parallel-mode oscillator
(after Lane, reference 6). Feedback-control resistor R¢ may be
decreased for hard-to-start crystals; increasing Rg reduces har-
monic output. Q1 is a 2N2920, 2N2979, 2N3565, 2N3646,
2N5770, BC107 or BC547.

variations. Performance is not always repeatable. Start-
ing performance varies greatly between fets of the same
type and with various crystals.

1 MHz oscillators have many applications, such as
frequency markers, clock oscillators and time-base refer-
ences. The circuit in fig. 10 is recommended where a
high-stability 1 MHz source is required. |t has a basic
stability of 1 part in 1076 or better with supply varia-
tions and the usual atmospheric-temperature variations.
Using an inexpensive, commercially available crystal
aven, it can maintain a stability approaching 1 part in
1078 per day. Harmonic output is low. The output level
is about 2 volts peak-to-peak. A TTL-level output is
readily obtained by driving a 7413 Schmitt trigger. The
circuit originally appeared in Electronics.!®

A simple, general-purpose, parallel-mode, 1-MHz cry-
stal oscillator, fig. 11, uses circuit constants for fun-
damental crystals in the 800 kHz to 3 MHz range. Out-
put is a sine wave at about 0.5 volt rms into a 1k foad.

[—T—O-I-Vu
5 T0O j2v
0.0!

A
| :,2.2'(
100k
»——{e—o T
T ol APPROY. 1/2V RMS
Li cI 0.01 (MIN. 1k LOAD}
—_—
[ 680
R xTaL 47k
cr or or
I cv J;:ooo 2.2k
freq L
mode c7 {kHz} (uH)
series .01 uF
parallei use specified 150-300 800-2000
load capacitance 300-500 360-1000

(30, 50 or 100 pF)
fig. 7. Low-frequency (150 to 500 kHz) oscillator (after Foster
and Rankin, reference 7). Adjusting siug in L1 pulls crystal fre-
quency. Circuit is basically series mode, but parallel-mode cry-
stals can be used by making C1 equal to the specified joad capac-
itance. Q1 is a2 2N3563, 2N3564, 2N3693, BC107, BCS547, or
SE1010.

Harmonics are better than - 35 dB down, although this is
dependent on the transistor and the power-supply volt-
age used. Note that C1 differs for different crystal-load
capacitances.

Integrated circuits are coming into increased use in
communications equipment. Their versatility and per-
formance present obvious advantages over discrete cir-
cuits. The circuit of fig. 12, which uses the LM375, an
IC designed especially for oscillator applications, comes
straight from the WNational Semiconductor Linear /C
Data Book. 1've found its performance to be very good.
The application shown here is for a TTL-compatible out-
put. A sine wave output is obtained by deleting the TTL
buffer and feeding the oscillator output into the linear
input (pin 3) of the buffer, bypassing the limiting input
(pin 2) with.a 0.01 uF capacitor. Harmonic output is
quite low,
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0! %l Q2
0.0
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35.6x 25.6k
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7 Ve
L7 c7 mode c2
50 kHz 2 mH 0.01 uF series 1000 pF
100 kHz 1 mH 2200 pF parallel 2/3 specified

load capacitance

(i.e., 30,50, 100 pF)
fig. 8. Low-frequency oscilator with tuned circuit (after Foster
and Rankin, reference 7). Recommended for GT-cut (surplus)
crystals in the 40 to 100 kHz range or for hard-to-start DT-cut
crystals. Series- or paraliel-mode crystais may be used. Q1 and
Q2 are 2N2979, 2N3565, 2N5770, BC107, BC109, etc.

This is a parallel-mode osciltator. Load isolation with
the buffer is extremely good; wide variations in load
have negligible effect on frequency. Note the low output
impedance of the buffer. The circuit constants given
wark with crystals between 800 kHz and 3 MHz. Output
voltage depends on the power-supply voltage. When
using the buffer in the linear mode, a supply of up to 24
volts can be used.

high-frequency oscillators

Modern crystals manufactured for fundamental
operation between 3 and 20 MHz are generally AT cut,
whereas the older FT243 crystals were generally BT cut.
The AT-cut crystal has about an order-of-magnitude
better temperature stability performance than the BT
cut, but the latter produces thicker crystal blanks, which
are far more robust, particularly at the upper end of the
range. However, an oven-controlled BT-cut crystal has
stability somewhat better than an AT cut crystal, even in
an inexpensive commercial oven {see '‘Oscillator Topics"
in reference 11).

The first circuit (fig. 13A) is described by Lane® and
has the advantage of not requiring a tuned circuit. It is,

fig. 9. Fet crystal oscillator of-

ten seen in the literature. Cir-

cuit suffers from frequency xTaL 1
pulling with foad changes. Per- I

formance repeatability is ques- j\
tionable.
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of course, the same circuit as in fig. 6 but adapted to the
high-frequency range. This circuit is recommended for
noncritical applications where high harmonic output is
desired. It particularly suits FT243 crystals, which may
have a high esr. Stability is improved and harmonic level
reduced when resistor Ry is increased. However, as noted
previously, the circuit takes longer to reach full output.

The addition of a tuned circuit, as shown in fig. 13B,
considerably reduces harmonic output. The tuned circuit
should have a high unloaded Q for best results. With an
unloaded Q of 50 and R¢ of 3.9k, the second harmonic
was 35 dB down. When a coil having an unloaded Q of
160 was substituted (Rj still 3.9k), the second harmonic
decreased to - 50 dB. Output voltage also increases with
a high-Q coil. A link winding on the coil, or a capacitor
from the transistor collector, can be used for output
coupling. Tuning the coil pulls the frequency, but this
adjustment is generally made only once and pulling is
thus of little consequence. An output buffer is recom-

2.5mH o.f
RFC

I1-18 ' —0 +5V
AIR TRIMMER 3

QUTPUT

XTAL
[__J IMHz 2V, pk-pk

172 7413

TTL
ouTPUT

0047
DISC
CERAMIC

fig. 10. Recommended circuit for a highly stable 1-MHz source.
With an inexpensive oven, stability approaching 1 part in 10~
per day is achievable.

mended to reduce frequency pulling with load variation.
The circuit is for parallel mode operation. A temperature
stability of £10 ppm, largely dependent on the crystal, is
readily achieved over the temperature range 32° to 140°
F (0° to 60° C).

Another simple circuit that doesn’t require a tuned
circuit appears in fig. 14A. This circuit is described by
Foster and Rankin,” and variations are common in the
literature. Some use an rf choke or tuned circuit in place
of R1, although this isn’t necessary. More output can be
obtained by putting a 1.5k load resistor in the collector
of Q1 and taking output from the collector, as shown in
fig. 14B. About twice the output level may be obtained
than in fig. 14A. A TTL output can be obtained using
the combination of fig. 14B and C. However, sufficient
drive for a counter or other TTL device may be difficult
to obtain at the upper end of the frequency range.

In contrast to the untuned version of fig. 13A, the
harmonic output of fig. 14A is quite low. It depends on
the transistor and the power-supply voltage, but the har-
monic level is generally better than -30 dB. Frequency



stability is affected about 0.001% with supply variation
between 5 and 10 volts. A temperature stability of +10
ppm can be expected, as for fig. 13A, over the range 32°
to 140°F (0° to 60°C).

The circuit in fig. 15 is suitable for crystals specified
for operation in the series mode. Coil L1 is adjusted to set
the frequency. Performance is similar to the circuit of
fig. 14A. This circuit is otherwise known as the “impe-
dance-inverting’’ circuit. To set it up and to ensure that
the coil resonates near the crystal frequency, apply a
short circuit across the crystal terminals and tune the
coil until the output is close to frequency, then remove
the short and tune L1 to set the correct frequency.

Under no circumstances should a tuned circuit be
placed in the Q1 coliector that resonates to the crystal
frequency. The circuit may then oscillate as a tuned-
base, tuned-collector oscillator not under control of the
crystal. A tuned circuit on a muftiple of the crystal fre-
quency can be used for frequency multiplication, where

————O+Vee

QUTPUT
APPROX. 0.5V RMS
INTO (k LOAD

fig. 11. Parallel-mode 1-MHz oscil-  ¢rystal load c1
lator usable with crystals between {pF) {pF)
800 kHz to 3 MHz. Output is a 50 68
sine wave at about 0.5 volt rms 30 remove

jinto a 1k load. Note that C1 differs for different crystal-load
capacitances, Q1 is a 2N3563, 2N3564, 2N3693, 2N5770,
8C107, BCS47 or SE1010.

a minimum number of components and frequency multi-
plication are required. Take the output from the collec-
tor circuit in such case. (These comments also apply to
fig. 14A.)

The oscillator in fig. 16A is discussed in detail by
Lane.® It's a series-mode oscillator, but parallel-mode
crystals can be used, as discussed earlier. Adjust feed-
back by varying the ratio of C1 and C2. Tune the slug in
L1 for frequency trimming.

Resonating L1 is quite simple. Using a grid-dip oscil-
lator resonate L1 with C1 in parallel. In-circuit adjust-
ment can be made with the grid-dip oscillator. Short
circuit the crystal and dip the inductor to frequency.
Check circuit oscillation by shorting the crystal and
applying supply voltage. Tune L1 until output is
close to the crystal frequency, then remove the short
and tune the slug in L1 to pull the crystal exactly onto
frequency. A buffer is recommended as the frequency is
sensitive to load variations. Less variation occurs with
supply voltage variation.

Crystal power dissipation can be varied by adjusting
R1, whose value should be between 100 and 1000 ohms.

+5T0 7V
°

2.0:

3-30 —Ea L 5
3330

_lé — 3
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fig. 12. A 1-MHz I1C oscillator with TTL-compatible output. Per-
formance is good; harmonic output low. Circuit constants are for
crystals between 800 kHz to 3 MH2z. C1-L1 resonates at the
crystal frequency; if L1 = 0.5 mH rfc, C1 = 47 pF in paraliel
with 30 pF trimmer.

The lower the value, the lower the crystal power dissipa-
tion and the better the stability. Output will drop a little
with lower values of R1. A temperature stability of 10
ppm can be obtained with this circuit.

Fet fundamental-frequency crystal oscillators derive
directly from vacuum-tube technology. Figs. 17, 18 and
19 illustrate the use of fets. When using mosfets, gate
bias is obtained by the diode from gate to ground, as in
figs. 18 and 19. Figs. 17 and 18 are the familiar Colpitts
oscillator. Harmonic output is low and depends on the
fet used. Crystal power dissipation is reduced by reduc-
ing C1 capacitance.

Fig. 19 is a Miller oscillator that seems to provide
improved performance over most circuits of this type.
The circuit also illustrates the single-stage oscillator-

Isv ;7\-0’

cr* t out
RF
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e—o ouTPUT 3.9k
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* RESONATE AT
CRYSTAL FRE-
QUENCY
fig. 13. Fundamental-frequency, crystal freq Cc1 C2
parallel-mode oscillator for 1 to (MHz} {pF) (pF)
18 MHz (A). A buffer is recom- 1-3 470 820
mended. Adding a tuned circuit 3-10 220 470
(B) reduces harmonic output. Q1 10-18 120 330

is a 2N916, 2N918, 2N3564,
2N5770, BC107, BC108, BC109, BC182, BF180, BF200,
SE1001 or SE1002,
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fig. 14. Another version of a fundamental-
frequency, parallel-mode high-frequency oscii-

lator requiring no tuned circuit (A). Circuit (B)
delivers about twice the output than (A). TTL
output can be obtained using the combination
of (B) and (C). Q1 is a 2N3563, 2N3564,
2N3693, 2N5770, BC107, BC547, BF180 or o
BF200; Q2 is a 2N3478, 2N3932, 2N3933,
2N4259 or 2N5179. Other component values
are shown at bottom right.

multiplier application. A tuned circuit resonating at a
multiple of the crystal frequency can also be placed in
the oscillator drain circuits of figs. 18 and 19. A tem-
perature stability of 15 to 20 ppm can be expected from
these circuits over the operating temperature range of
the crystal (assuming use of the AT or BT cut). Parasitics
can be troublesome with these circuits, as most fets have
good gain well into the vhf range. A 10- to 47-ohm
resistor in series with the gate lead, as shown in fig. 17,
usually overcomes the problem.
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M xTAL 3560 47
ouTPUT
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crystal
frequency c1 C2,C3 R1 L*
3-10 MHz 1000 pF 270 pF 1500 ohms  2-4 MHz, 60 turns;
4-6 MHz, 40 turns;
6-10 MHz, 25 turns
10-15 MHz 100 pF 220 pF 680 ohms 15 turns
15-20 MH2z 100 pF 100 pF 680 ohms 10 turns

*All inductors closewound with no. 33 (0.2mm) enamelled wire
on Y’ (6.5mm) diameter slug-tuned coil form,

fig. 15. High-frequency oscillator circuit suitable for crystals
specified for series-mode operation. Known as the “impedance
inverting' circuit, its performance is similar to the circuit of fig.
14A. Q1 is a 2N3563, 2N3564, 2N3963, 2N5770, BC107,
BC547, BF180, BF200 or SE1010.

Fig. 20 is a high-frequency version of the circuit in
fig. 12, using the LM375 IC. Qutput voltage depends on
the supply voltage. The circuit will oscillate with a
supply voltage down to 4 volts. Tuning L1 will pull the
crystal frequency, but this adjustment should not be
used to trim the frequency. Tune L1 only for maximum
output. if C3 is a 3 to 30 pF trimmer, it should be used
to set the crystal to frequency. Again, harmonic output
is low. Using a tuned circuit in the buffer output is likely
to cause the circuit to oscillate of its own accord, uncon-
trolled by the crystal. Use a high-Q tuned circuit for
L1/C1 if possible. Stability approaches the crystal speci-
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+Vee
570 12v +5v
<EL5k 3.94
:1_‘01 b3 L—ie—o ouTPUT 02 our#ur
37\ 680
47 2.7k
ouTPUT
(APPROX. 0.5V RI
sy T
crystal
freq c2 Cc3 R1
{(MHz) (pF) (pF) (ohms) c1
3-10 150 150 2.7k 120 pF for 50 pF specified
load capacitance; 39 pf for
30 pF specified load capac-
itance
10-20 82 82 1k none for 20 pF specified

load capacitance

fications; however, the circuit is sensitive to supply-
voltage variations.

The buffer provides excellent load isolation and has a
low output impedance. Fig. 21 is the series-mode version
of the circuit in fig. 20. In this case L1 can be used to
trim the crystal frequency. Similar comments apply for
the other characteristics.

TTL IC oscillators

I've made brief mention of obtaining TTL-compatible
outputs from crystal oscillators to drive digital circuitry
(under 7 MHz oscillators). If the output level of an oscil-
lator is sufficient, around 2 volts peak, a 7413 Schmitt
trigger makes a good TTL-output buffer, as in fig. 10.

+3 TO 12v

3
l ;——o ouTPUT

- 7‘<NOALT‘ERNAYIVE
22

+3 70 6V

l 97—0 oUTPUT

ct

ouTPUT

-3 To6V
0o o
fig. 16. High-frequency crystal crystal
oscillator for series- or parallel- freq Ci c2
mode operation (A). A minimum- {(MHz} (pF) (pF}
component version is shown in 3-10 47 390
(B). The lower the value of R1, 10-20 22 220

the lower will be crystal power dissipation and the better the
stability. Q1 is a 2N918, 2N3564, 2N5770, BC107, BC108,
BF115, BF180, BF200, SE1001 or equivalent. 1.1 resonates to
crystal frequency with C1.



Another solution is illustrated in fig. 14, where oscillator
output may be below 1 volt (but it must be at least 0.6
volt peak).

The combination of a discrete oscillator followed by
a TTL buffer may, however, present problems where
space is limited, although the circuits in fig. 14 can be
made fairly compact. The LM375 IC provides one solu-

+Vce
9 TO 15V

(o ourrur

fx2 34, ETC.

+Vee

5T0 12v L
C_RZ Ay

150 3-30 >

fig. 19. Fundamental-frequency, parallel-mode Miller

oscillator illustrating single-stage oscillator-multiplier
outPutT application. A tuned circuit resonating at a multiple of
the crystal frequency can be placed in the drain circuit
in this arrangement and that of fig, 18. Q1 is a 3N200,
2N209, 3N210, 40673, 40841, or MPF 121,
fig. 17. Fundamental-frequency,
. i i crystal . .
parallel-mode ascillator using a ;y c1 c above this frequency. Occasionally, trouble may be had
jfet. Familiar Colpitts circuit is req 2 . . . . .
used. Q1 is 2 2N3819, 2Ns245, (MHz) (pF) {pF) with unreliable starting performance, which is largely a
2NS459, 2NS548S, MPF102, or 3-10 27 68 function of the two bias resistors. Change their value up
MPF104-106. 10-20 10 27 or down by using the nearest preferred value to see what

effect it has. A wide variation should not be necessary.
Frequency and starting performance are critically de-

ion, althou n ircui e .F
tion, although a tuned circuit must be used. For low cost pendent on supply voltage.

and convenience or where space is at a premium, the
common TTL gates can be pressed into service and, in-
deed, are in common use. Fig. 22 illustrates a common
method of using a 7400 NAND gate as a crystal oscil- I
lator. Two gates are biased into their linear region and 2'01
coupled as an oscillator with the crystal in the feedback
path. A third gate is used as a buffer. c:r
These three circuits (figs. 22, 23 and 24) are aperiodic T,
and would certainly have applications where a high out- (—o ouTPUT
put, aperiodic oscillator is called for. They make excel- ;xm . j;\L:o 3 00!
lent frequency markers. Temperature stability is some-
what worse than that of discrete circuits. If you need a cz
very stable oscillator in your counter, you'll just have to
make room for more circuitry.
The circuit of fig. 22 will accept crystals from 1 to 10 ce
MHz. Some trouble may be experienced with crystals //77‘\

+
Q UP TO 24V

&

LIMITING

7}7 s o /247 LM375

crystal

freq C1 +Vee
i i i tal
(MHz) (pF) 1‘5—1;3’2‘/ fig. 20. A high-frequency version CIYS
310 15-33 of the circuit of fig. 12, using the  freq c2/c3 ca
10.20 515 3150 LM375 integrated circuit. L1-c1 (MHz2) {pF) {pF)
is resonant at the crystal fre- 3-10 22 180
pus quency. Coil L1 should be tuned  10-20 10 82
;7\ for maximum output only, not to trim the crystal frequency. A
I tuned circuit is not recommended in the buffer output to avoid
7
40673 self-oscillation.
4084/
3N200

Where it may be inconvenient to use a NAND gate, a

NOR-gate osciliator can be substituted, using a 7402 or

0 other TTL type, as shown in fig. 23. This circuit has

) performance similar to the circuit of fig. 22. Here, also,

fig. 18. lgfet fundamental-frequency, parallel-mode oscillator trouble may be experienced with starting: vary the gate

using single-gate (A) and dual-gate (B) transistors. As in the cir- . . .

cuit of fig. 17, harmonic output is low and depends on the bias resistors, as mentioned above.

device used. The circuit in fig. 24 overcomes problems with poor
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starting performance and has a higher upper-frequency
limit than those of figs. 22 and 23, approaching the limit
of the NAND gate used. I've used this circuit success-
fully with crystals over the range 1 to 20 MHz and have
experienced no trouble. It starts reliably every time,
even with crystals having a high esr. | thoroughly recom-

+
O UP TO 24V

9}2'_[

-4 b—{{—ﬂ ouTPUT

001 -001
XTAL 5| 3 19 |

-

o
w
&
+
Q
@
(2]

g;ca LIMITING
7 8 /247 LM375
01

fig. 21. Series-mode version of the crystal

circuit in fig. 20. L1-C1 is reso-  freq c2 €3 c4
nant at the crystal frequency; L1 (MHz)  (pF) (pF)  (pF}
can be used to trim the crystal 3-10 68 68 330
frequency in this case. 10-20 27 27 120

mend it. The circuit comes from K1PLP12 and is after
Weggeman.1 3 For a good discussion on TTL oscillators |
recommend both references.

When constructing oscillators using TTL ICs it's wise

_ +5v
Ko}
14
(] 99
SN7400 8 OUTPUT
< APPROX. 3V
pk-pk
’/17

fig. 22. TTL NAND-gate crystal oscitlator usefut for applications
requiring a high-output aperiodic oscillator. Crystals between 1
to 10 MHz can be used.

1-10 MHz 6

i

1.5k

SN7400
A

to bypass the power supply pin as close to the IC pin as
possible. Keep the ground lead short, too.

overtone oscillators

Modern crystals manufactured for overtone operation
are usually AT cut, although the BT cut is sometimes
found. Take heed of the comments on overtone crystals
in the introductory paragraphs of this article. All over-
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4 ; 5
1.5k /
ouUTPUT

APPROX. 3V pk-pk

fig. 23. NOR-.gate version of the circuit in fig. 22. ODifficult
crystal starting may occur in these TTL gate circuits, in which
case the gate bias should be varied.

tone circuits operate with the crystal in the series mode.
Overtone crystals are calibrated at the overtone fre-
quency, not the apparent fundamental.

An overtone oscillator should not require excessive
drive for the crystal to oscillate on the overtone fre-
quency and should have some provision separate from

' 9
2 0 8 ouTPUT
(APPROX. 3V
7 pk=pk)
VWA 3 GATES
470 470 OF 7400
QUAD-NAND GATE
p XTAL
|
Za | [—
3-60 1-20 MHz2

fig. 24. TTL crystal oscitlator (after Weggeman, reference 13).
Circuit overcomes poor crystal-starting problems and has a
higher upper-frequency limit than the circuits of figs. 22 and 23.

other circuit functions for setting the frequency. In addi-
tion, it should not be possible for the crystal to oscillate
on subharmonics of the overtone frequency, or on the
fundamental. Reliable starting is also desirable.

The Miller oscillator, fig. 25, using an fet, has the
advantage of requiring minimum components but
doesn’t give reliable starting performance. L1 can be

+Vee

H oUTPUT

fig. 25. Miller overtone oscillator circuit. Not recommended be-
cause of problems with frequency instability due to output joad
variations and unreliable crystal-starting performance. L1-C1 is
tuned to the overtone frequency. Q1 is a 2N3819, 2N5245,
2N5485, MPF102, MPF104-106, or TIS88.



tuned to pull the crystal frequency but may not give
enough range; output varies also. Apart from these diffi-
culties, it’s prone to oscillating on the fundamentai or
subharmonics of the overtone. Qutput load variations
adversely affect the frequency. A simple circuit but not
really recommended, as performance cannot be guaran-
teed.

The modified Colpitts overtone oscillator in fig. 26 is
commonly encountered. Unlike the Miller circuit, reli-
able starting can be expected. It's suitable only for third-
overtone crystals, as fifth-overtone crystals exhibit a
much higher esr. Some third-overtone crystals having a
high esr sometimes give trouble. Tuning L1 or varying
the emitter resistor will pull the frequency, but output
will vary. Feedback can be varied by changing C2. Har-
monic output depends on the transistor used and the
supply voltage. This circuit has the advantage of simpli-
city but is not recommended.

Fig. 27 illustrates a Pierce-type overtone oscillator.
Note that a single-gate fet may be used. Crystal starting
is sometimes unreliable and excess feedback may be

+3 Tg 12v +2 TO 6V

0 :‘77[?2 T0 6V

fig. 26. Third-overtone crystal oscillator for 20 to 60 MHz (A)
and a minimum-component version (B). Although commoniy
seen in the literature, it's not recommended for reasons discussed
in the text. L1-C1 is resonant at the overtone frequency. Q1 isa
2N3563, 2N3564, 2N5770, BF180, BF200 or SE1010.

+Vee
49 TO ISy

—O QUTPUT
UP TO tV RMS

I —Q +Vce

;7\1000
l ;—0 QUTPUT

- xTa ! - — — - — _!e_ — o ALTERNAITIVE
10

e
< 100k
3

1
Tﬁ

1000

P
1000 /-E

fig. 27. Pierce-type overtone oscillator for 15 to 60 MH2. Not
recommended for the same reasons discussed in connection with
the circuits of figs. 25 and 26 (see text). L1-C1 resonates to the
crystal frequency. Qt is a 3N200, 3N209, 40673, 40841,
BFS28, MPF121, MPF131, or equivalent,

required. No provision is made for setting frequency, but
as in the previous two circuits, tuning L1 pulls the
crystal. The comments on the circuits of figs. 25 and 26
also apply here.

When overtone crystal-oscillator circuits first
appeared in the literature, they had a tendency to be
somewhat complicated to avoid the problems discussed
above. The following circuits are uncomplicated and reli-
able.

The circuit of fig. 28 provides all the desired charac-
teristics with a minimum of components. Starting is reli-
able and crystal power dissipation is well below the
allowable maximum. Increasing R1 increases crystal
power dissipation. Stability is as good as that of a fun-
damental-frequency oscillator. This circuit is discussed in
detail by Lane.®

Coil L1 can be roughly set to frequency with no
supply voltage by shorting the crystal and dipping L1
with a grid-dip oscillator. Apply power, and while moni-
toring the output frequency, tune L1 close to the
marked crystal frequency. Remove the short and trim the
frequency with the 3 to 30 pF trimmer. Tuning L1 will
pull the crystal, but L1 does not require tuning follow-
ing the initial setup. Harmonic output is low, usually

+3 TO 6V

001

XTAL 3-30

g;.—-ﬂ TO 6V
0

fig. 28. Third-overtone osciliator for 15 to 65 MHz (A} and a minimum-camponent version {B). All the desirable characteristics for this
application are provided in this circuit. Crystal starting is retiable and crystal power dissipation is well below the allowable maximum. Q1
isa 2N918, 2N3563, 2N 3564, 2N5770, BF180 or BF200. L1 resonates at the crystal frequency with 22 pF (1 uH for 15 to 30 MHz; 0.5

uH for 30 to 65 MHz).
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RFC

001
L 10k $

1000

oM
OSCILLATOR

Q2

>

1.8k

o o

fig. 29. Buffer amplifier for the circuits of figs. 28 and 31. Cir-
cuit provides excellent perfarmance and supplies several volts of
output. Input and output tuned circuits must be well shietded.
T1 is a 4:1 TV-type balun. Q2 is a 2N3563, 2N3564, 2N 3646,
2N5770, BF180, or BF200.

around -40 dB, but depends on the transistor and the
supply voltage.

A buffer is recommended. The circuit of fig. 29 is
excellent, providing several volts of output. Output
transformer T1 can be a standard 300- to 70-ohm vhf
television balun or a homebrew balun. Alternatively, a
single or double-tuned circuit can be used. L1 and the
output tuned circuits must be well shielded and sepa-
rated, otherwise instability may result. Q2 bias may need
to be varied, depending on the transistor. Tune L1 for
maximum output before trimming the crystal frequency.
For multichannel operation, switching the crystal and
trimmer is permissible, but leads must be kept very
short.

The ‘'impedance-inverting’’ circuit discussed by
Foster and Rankin? also has much to recommend it.
This circuit is illustrated, for third-overtone crystals, in
fig. 30. Performance is similar to the circuit of fig. 28.
Coil L1 is used to trim the crystal frequency. The 560-
ohm resistor across the crystal prevents oscillation on
modes other than the overtone. This circuit readily
adapts to a single-stage oscillator multiplier as we shall
see later. It is more amenable to multichannel operation,

O + Vce

$.OOI

c4

»——{H ouTPUT
APPROX. 0.5V RMS

Lt cl

W XTAL 2560 56k —1 1k LOAD MIN)
c3 70
I i crystal

freq Cc1

(MHz)  (pF)

fig. 30. The “impedance inverting’ cir- 15-25 100
cuit for third-overtone crystals in the 15

to 65 MHz range. Performance is similar 25-55 100
to the circuit of fig. 28. Q1 isa 2N3563,

2N3564, 2NS5770, BF180, BF200 or 50-65 68

SE1010.
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c2
(pF)

100

68

33

as one side of the crystal is grounded. Note that if L1 is
made too large oscillation on frequencies other than the
overtone may occur,

Overtone crystals above 65 MHz are usually fifth- or
seventh-overtone types. The circuit in fig. 31 is from
Lane® and is a variation of the circuit in fig. 28. The rf

6—0 ouUTPUT
APPROX. 0.3~
0.5v

1000
5
2.7k

SLUG
¢t
y Icz!
T XTAL
Rl

220;22
77

t1 65-85 MHz: 7 turns no. 22 (0.6mm) or no. 24 (0.5mm)
enamelled, closewound on 3/16" (5mm)
diameter form
85-110 MHz: 4 turns no. 22 (0.6mm) or no. 24 (0.5mm)
enamelled, on 3/16" (5mm) diameter form,
turns spaced one wire diameter
L2 10 turns no. 34 {0.2mm) closewound on low-value Ya-watt
resistor
Cl1 65-85 MHz: 15 pF 85-110 MHz: 10 pF
c2 65-85 MHz: 150 pF 85-110 MHz: 100 pF
c3 65-85 MHz: 100 pF 85-110 MHz: 68 pF

fig. 31. Oscillator for fifth- or seventh-overtone crystals in the 65
to 110 MHz range. The buffer circuit of fig. 29 is recommended.
Q1 is a 2N3563, 2N3564, 2N5770, BF180, BF200 or SE1010,

choke formed by L2, wound on a low value resistor,
suppresses the lower resonances of the crystal, ensuring
operation on the correct overtone. The comments on the
circuit of fig. 28 also apply here. The buffer of fig. 29 is
also recommended. The circuit in fig. 32 is a variation on
the “impedance-inverting’’ oscillator from Foster and
Rankin.” Performance is similar to the circuit of fig. 31.
Again, a buffer is recommended. The four circuits just
described, figs. 28, 30, 31 and 32, are all slightly fre-
quency sensitive to supply voltage variations, so a well-
regulated supply is recommended.

The oscillator of fig. 30 can be readily adapted to a
single-stage oscillator multiplier and has ready applica-
tion in vhf converters. Good load isolation and low un-
wanted output levels are afforded by the circuit of fig.
33. The double-tuned circuit is the key to success here.
Coils L2, L3 should be no more than critically coupled,

c3 ca L1
(pF) (pF) ' (6.5mm) diam form 3/16' (5mm) diam form
68 33 12 turns no. 30 15 turns no. 28
(0.25mm) closewound (0.3mm) closewound
47 33 8 turnsno. 30 10 turns no, 28
(0.25mm) closewound (0.3mm) closewound
15 22 6 turnsno, 22 (0.6mm) 7 turns no. 28 (0.3mm)

space to %' (6.5mm) long closewound



which results in the best output for good harmonic rejec-
tion. All outputs, other than the multiple of the crystal
frequency, are about -60 dB or greater. Tuning L2 and
L3 pulis the frequency slightly, but as this is usually a
once-only adjustment, it is of little conseguence. L2 has
a broad tuning characteristic because of Q1 loading,

+ Vee
_L O% 10 12v
.001
oUTPUT
3 APPROX, 0.2-0.9V RMS
3 (MIN. 1k LOAD)
sso HEER XTAL
470
crystal
freq R1
(MHz) L1 (ohms)

60-85 7 turns spaced %" long* 3300
80-110 4 turns spaced %’ long* 1800

*Wound on 3/16" (5mm) diameter form

with vhf slug, no. 22 (0.6mm) enamelled

wire
fig. 32. Another variation of the “impedance inverting’ oscil-
jator for 60 to 110 MHz fifth- or seventh-overtone crystals. Per-
formance is simifar to the circuit of fig, 30. Q1 is a 2N3563,
2N3564, 2N5770, BF180, BF200, or SE1010.

whereas L3 tunes quite sharply. The circuit is ideally
suited to fet mixers having local-oscillator injection into
the gate. A word of caution: the connection between Q1
collector and tuned circuit L2/C4 must be kept ex-
tremely short, otherwise parasitic oscillations will occur.

+ Vee

/-1x2,3
c6
O OUTPUT
APPROX. 2V
RMS OR
BETTER
Lt
—
%*
EMXTAL $560 Ca1C5:C6
(RESONATE AT DESIRED
MULTIPLE OF

CRYSTAL FREQUENCY)

L2,L.3 60-90 MHz: 9 turns no., 22 (0.6mm) enametted wire,
closewound on 3/16" (5mm) diameter form
with vhf slug

90-130 MHz: 6 turns no, 22 (0.6mm) enamelled wire,
closewound on 3/16" (5mm) diameter form
with vhf slug

Coil forms for L1, L2 are spaced 0.6" (15mm) apart and assembly
shielded.

fig. 33. Overtone oscillator-muitiplier adapted from the circuit of
fig. 30. This version is applicable to vhf converters, It provides
good load isolation and low unwanted output levels (refer to
fig. 30 for component values).

+Vee
—O 570 12v

.01

e——o OUTPUT

DUAL-GANG
10-415
047

tig. 34. An extended-range vxo circuit (af-  crystal

ter Lane, reference 6). Maximum fre- freq L1
quency shift is nearly 10 kHz at 5§ MHz,  (MH2) {(uH)
Circuit is a variation of that in fig. 13, and 6-15 5-20
the same comments apply (see text). Q1 is 3-6 20-50

a 2N3563, 2N3564, 2N5770, BC107, BC547, BF115, BF180,
SE1010 or equivatlent.

variable crystal oscillators

This topic is well covered by Pat Hawker, G3VA,11
and Lane.® A recent article with useful discussions and
practical details on this subject is by Doug DeMaw,
W1CER;14 see also reference 15.

The greatest shift you can obtain from AT-cut funda-
mental-frequency crystals is about 1/500th of the crystal
frequency. By far, ane of the best circuits |'ve tried is

+Vee
6 70 I8V

10

p——‘ H oUTPUT

Ql

‘)
2100k
3

Y

fig. 35. Vxo using a fet. Performance is similar to the circuit of
fig. 34. A buffer is recommended for this circuit and that of fig.
34. L1 is a 30 to 80 uH siug-tuned coil. Q1 is a 2N3819,
2N5245, 2N5485, MPF102, MPF104-106, or TIS88.

that of fig. 34. It's described by Lane® and is recom-
mended. Frequency stability is not compromised
greatly, even at the extremities of the shift. Using a
crystal manufactured for vxo operation, the maximum
shift obtained using this circuit approaches the maxi-
mum obtainable; i.e., nearly 10 kHz at 5 MHz. Harmonic
output is high, as this circuit is a variation of that in fig.
13. Resistor R; determines the feedback level and may
have to be varied for best starting performance. Other

march 1976 [[§ 21



fig. 37. Another multichannel crystal-
switching method using separate oscillators.

Qutputs are paralieled for dc and ac.

comments on fig. 13 apply here. However, problems will
be experienced if a tuned circuit is used in the collector;
the frequency shift is restricted.

The fet vxo in fig. 35 is commonly seen in the litera-
ture; this circuit is after DeMaw.14 He claims a similar
shift to the circuit just discussed. In each case a buffer is
recommended. {DeMaw also describes how to drive a
tube grid from the buffer.)

No two crystals will be shifted by the same amount;

_L ——O +Vee

>
(o

Vv

ETC.
-— —

< 15

+Vee

fig. 36. Diode-switching of a muitichannel oscilltator. Each
crystal should be trimmed to frequency individually.
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some provide more swing than others. Crystals especially
manufactured for vxo operation are obtainable from
some crystal manufacturers. Modern crystals perform
well; FT243 crystals are generally poor. Those contem-
plating construction should read references 14 and 15.

Vxos should be built much the same as vfos to
achieve best results. Don’t use chassis-mounted crystal
sockets. Mount the socket on insulating material to
avoid stray capacitance. Better still, order crystals with
flying leads rather than pins, and solder them directly
into the circuit.

multichannel oscillators

In some applications, switching crystals to change fre-
quency presents practical difficulties. Switching a dc cir-
cuit to make a frequency change is better and more
convenient practice. Diode switching is one method (fig.
36). Each crystal should be individually trimmed. Diffi-
culties do arise, as some crystals and oscillator circuits
abject to this method.

Another method is illustrated in fig. 37. Essentially
it’s a number of separate oscillators, each switched on in
turn. Outputs are paralleled, both for dc and ac. If you
want to switch crystals, circuits with one side of the
crystal grounded are preferred.
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HEAR IT AS IT HAPPENS... -

Get that news direct from the source of
the action ... and listen to a world of music
direct from the concert hall . . .with a

SSR-1
RECEIVER

is great for
short wave
listening. ..
e 500 kHz to 30 MHz continuous—no extra crystals to buy # Direct
reading dial with excellent calibration—dial your station, and there it i =
is! » Product detector for SSB/CW e Built-in AC supply for 110/220 e Synthesized
Volts, 50/60 Hz, and provision for internal battery pack for portable :
operation * Excellent Sensitivity * Telescoping whip antenna included e Solid State
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pushbutton on panel is depressed. i Coverage
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DT-500
RTTY demodulator

Designed with the
vhf operator in mind,
the DT-500

provides all essential
demodulator features
at low cost

The DT-600 RTTY demodulator described in an earlier
issue of ham radio' was designed to provide the best
possible performance, on the high-frequency bands, that
could be obtained at reasonable cost. However, for less
critical applications, some of the DT-600 features may
be eliminated, with a substantial cost reduction. DT-600
performance isn’t required on the vhf bands, for
example, nor is its high performance required by the
occasional RTTY operator who is on a tight budget.

The DT-500 will provide all the features normally
required by the vhf operator and, with the exception of
the DT-600, ST-6,2 and TT/L,® will outperform almost

24 [ march 1976
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all RTTY demodulators now in use on the high-
frequency bands.

The CATC systems approach to demodulator design,
which was described in reference 1, was applied to the
DT-500. Thus the unit is easy to build, simple to
interface with other equipment, and is relatively in-
expensive,

the DT-500

The circuits in the DT-600 are identical to those in
the DT-600. The only differences between the two
demodulators are those circuits in the DT-600 that were
not included in the DT-500. (The reader is referred to
reference 1 for circuit descriptions and adjustment
procedures). The input bandpass filter, keying lowpass
filter, ATC, and antispace circuits were included in the
DT-600 to contend with peculiarities encountered on
the high-frequency bands. Adjacent channel interfer-
ence, noise, selective fading, and CW interference are not
usual problems on the vhf bands; hence appropriate
circuits for these problems were not included in the
DT-500.

Audio from the station receiver is introduced into the
DT-500 at a 500-ohm input (fig. 1). The 1000 ohm
resistor, R2, is a current limiter, and the two silicon
diodes protect the limiter stage from excessive audio
voltage. All other parts of the circuit are identical to the
corresponding circuits in the DT-600.

Robert C. Clark, K9HVW, 930 Chestwood

Avenue, Tallahassee, Florida 32303



The power supplies (£12 volts and +170 volts) shown
in reference 1 are also recommended for the DT-500.
Several DT-500s and DT-600s may be operated from the
same *12-volt supply for increased cost effectiveness,
but the regulator transistors shouid be replaced with 1C
regulators such as the LM 320-12 and the LM 340-12 to
handle the required current.

The DT-500 can also function as an extremely
low-cost beginner’s model. Motor control and mark-hold
features may be eliminated by omitting op amps U3, U4,
U5, and Q5, Q6. These features account for more than
50% of the components in the unit. If you wish to
eliminate these functions for now, they may be added
later as operating convenience and budget dictate. If the

LIMITER |

DISCR./DETECTOR

interfaces

As mentioned in reference 1, one of the prime
concerns of the CATC-designed units is ease of interface
with external equipment. Both the DT-500 and DT-600
provide open-collector outputs for data and control lines
to interface with low voltage (particularly TTL) periph-
erals. It's possible to use the open-collector outputs to
drive a machine interface and hence keep the high-
voltage loop and keyer within the printer. This approach
can increase the ease of interconnecting equipment (all
interconnecting cables are at low voltage), and at the
same time greatly reduce the noise generated by the
high-voltage keyer and radiated by the loop. Two
machine interfaces, the DI-60 and the DD-350, are
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fig. 1. The DT-500 demodulator schematic, These circuits are identical to those in the DT-600 described in reference 1. The input

bandpass filter, keying lowpass filter, ATC, and antispace circuits of the DT-600 have been omitted from the DT-500. Diodes marked with

a2 G are germanium 1N270; diodes marked with an S are silicon 50 PIV unless otherwise noted.

bandpass input filter from the DT-600 were added
(externally), the DT-500 would outperform the ST-3,%
ST-4, ST-6° and ST-5A and would approach the
performance of the ST-6 and DT-600.

As with the DT-600, the DT-500 is built on a single
6x4%-inch (1562x114mm) board with a 22-pin edge
connector. Fig. 2 shows board interconnections.”

*Double-sided circuit boards with plated-through holes are avail-
able from Data Technology Associates, Inc., Post Office Box
1912, Miami, Florida 33143. Send self-addressed, stamped en-
velope for information.

described here {a number of other interfaces, DI-30
logic-to-polar, DI-40 polar-to-logic, and a ioop-to-logic
interface have also been prepared).

DI-50 logic-to-loop interface. The DI-50 has its loop
keyer floating {no ground in common with the logic
portion of the circuitry) and hence may be inserted at
any point in the selector-magnet loop. Fig. 3 is the
schematic of the DI-50.

A logic zero at the base of Q4 causes Q4 to conduct
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and supply current to the oscillator formed by Q1, Q2.
The oscillator operates in the 800-kHz range. The
800-kHz energy is capacitively coupled (and hence
decoupled for dc) through C4 and C5 to a bridge
rectifier consisting of germanium diodes CR1-CR4. (As
shown in fig. 4, the printer loop is in mark when a logic
zero exists at the base of Q4 and in space with a logic

SCOPE SCOPE +2v =2y
MARK SPACE REG REG

RECEIVER X Y T P
40010 O_/;g w R ‘C)

A SELECTOR

8 MAGNET

Z M +H7OV
sTanosy / FAsr- froncs f

: ‘4OOV

POSITION

4 STANoRY
o 2: SLOW-AUTO

3: FAST -AUTO

4 MANUAL

fig. 2. DT-500 demodulator board inter-connections (A) and an
alternative circuit for a single switch (B). The unit is constructed
on a single 6x4Yz-inch (152x114mm) circuit board with a 22-pin
edge connector.

one.) The rectified output is filtered by C6 and applied
to the base-emitter junction of Q3, biasing the transistor
into the conducting state. The bridge consisting of
CR5-CR8 ensures that the high side of the loop is
returned to the collector of Q6 for either the DT-500 or

DT-600 through a two-conductor shielded cable, the
other conductor connecting the open collector of Q1
(either DT-500 or DT-600) to the DI-50 logic input.

Q1 and Q2 should be a complementary pair such as
the 2N3904 and 2N3906. Q4 could also be a 2N3906.
Other components are not critical, but the low forward-
voltage drop of the 1N270 is essential. Q3 should be a
high-voltage transistor (300 volts) capable of 100 mA
and 5 to 10 watts dissipation, such as the MPS-A42,
2N5656, or the DTS-702.

DD-350 selector magnet driver with motor control. The
DD-350 (fig. 4) requires only a single-conductor shielded
cable between the demodulator and the printer to
control both the high-voltage keyer and the motor relay.
Other features include a choice of input logic (mark =0
or mark = 1) and open-loop operation during standby to
reduce power consumption and heat.

Several optional input configurations may be imple-
mented with U4C and U4D. If the mark output from the
demodulator keyer (Q1 of DT-500 and DT-6Q0) is a
logic zero, as it is for the DT-500 and DT-600, then it is
connected to H (fig. 4). However, data will not pass
through U4D unless pin 13 is high. This condition may
be accomplished by either connecting pin 13 to the
positive supply through a 3.9k resistor, or by jumpering
J1 and grounding either E or F. Then, either E or F may
function as a disable terminal,

Suppose that the data (mark = Q) is connected to H,
and F is grounded, enabling U4D. The data (mark = 0,
space = 1) is inverted by U4D. A low (space) at pin 5 of
the latch formed by U3A and U3B sets the latch (pin 6
high), which in turn enables U4A. The data passes
through U4A and U4B. Pin 6 of U4B is high during
mark, reverse-biasing CR1, allowing CR2 to conduct,
and forward biasing Q1 (the high-voltage keyer). For
space, pin 6 will be fow, allowing current to flow
through CR1 and removing the forward bias on Q1. At

fig. 3. The DI-50 logic-to-loop interface schematic. The loop output is floating (no
common ground with the logic), hence it may be inserted at any point in the selector-

23906 magnet (oop.
LOGIC N

cs o~
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connected to the collector of Q3 and that the low side is
connected to the emitter, through R7.

If motor control is desired with the DI-50, one side of
the coil of a 12-volt relay (K1 in fig. 1) is connected to
the 12-voit supply, which in turn powers the 5-volt
regulator for the DI-50. The other side of the coil is
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the time the initial space set the U3A, U3B latch, it also
set the latch made up of U3C and U3D and forced Q3
into conduction (discharging C2 and starting the timing
cycle of U1). With U3C, U3D set, the high on pin 8 of
U3C forward biases Q2, which pulls in the motor relay,
starts the timing cycle of U2C, and discharges C5. As



long as the level on the input line continues to alternate,
C2 is discharged with every space. If, however, the level
remains in the mark condition for 30 seconds, without a
transition to space, then C2 charges to the point where
U1 triggers. The output pulse (pin 3) goes from high to
low, resetting U3C, U3D. As the latch is reset, the motor
relay is released, turning off the motor, and the forward
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DD-350 with only a single-conductor shielded cable
connecting the demodulator and the DD-350.

The high-voltage keyer transistor has requirements
similar to the transistor described with the DI-50. Note
that this keyer stage must be connected in the ground
return of the loop supply with the positive side of the
loop connected to D.
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fig. 4. Schematic of the DD-350 selector-magnet driver with motor control. Each PC board contains two circuits as
shown. Features include a choice of input logic and open-loop operation during standby,

bias on Q4 is removed, allowing C5 to charge. In three
seconds U2 triggers, with the output pulse (pin 3)
resetting the U3A, U3B latch and disabling U4A (forcing
the loop to space).

Assume the DD-350 has been in standby. When the
first character is transferred from the demodulator to
the DD-350, the latches are set, the motor starts, and the
printer receives the data. As long as the data continues,
with less than 30 seconds between characters, the motor
continues to run and the characters are printed. When a
character has not been received in 30 seconds, the motor
shuts down, and three seconds later (to give the machine
time to stop), the loop opens to reduce current
consumption and heat. The DD-350 will return to the
active state immediately with the next character
received.

Of course, if Q1 of the DT-500 or DT-600 is
connected so that all mark-hold features inhibit the data
(jumper C to 2), no data will reach the DD-350 while
mark-hold is maintained. The time delay and standby
functions of both demodulators prevent data from being
transferred (for instance on noise or CW), as does the
antispace function of the DT-600. Hence, all features of
either demodulator, with the exception of the particutar
choice of the motor delay, will be preserved by the

the SELCOM

A future article will describe the CATC SELCOM.
The SELCOM is a device, based on the universal
asynchronous receiver/transmitter (UAR/T), which re-
generates distorted RTTY signals, provides for speed
changes between the data rate of the RTTY signal and
the speed of the printer, and provides a parallel data
output for decoding RTTY characters. The decoding and
control portions of the SELCOM are also suitable for
tone decoders as used in vhf autopatch units. A
mini-SELLCOM featuring call-letter enable, four-N dis-
able, and two functions for the control of external
equipment will also be featured.

references
1. Robert C. Clark, K9HVW, “The DT-600 RTTY Demodula-
tor,'’ ham radio February, 1976, page 8.
2. lrving Hoff, W6FFC, “The Mainline ST-6 Demodulator,”” ham
radio, January, 1971, page 6.
3. lrving Hoff, W6FFC, “The Mainline TT/L-2 FSK Demodula-
tor,"" RTTY Journal, September, 1967, page 4.
4. Irving Hoff, WBFFC, “The Mainline ST-3 RTTY Demodula-
tor,” QST April, 1970, page 11.
5. Irving Hoff, WE6FFC, "Mainline ST-5 RTTY Demodulator,”
RTTY Journal, May, 1970, page 4.
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WWVB

sighal processor

Link your

counter’s time base
to the

super accurate signal
from the NBS station
at Boulder, Colorado

28 [l march 1976

An increasing number of amateurs are using digital coun-
ters to determine transmitter frequency in the vhf and
uhf region. This technique requires extremely accurate
time-base frequencies if the readouts are to be meaning-
ful. The low-cost frequency counters amateurs often use
usually don’t have accurate time-base crystal circuits;
thus obtaining accurate readings with economy counters
can be tedious. The time base must be monitored con-
stantly against a primary frequency standard and warm-
up time for ovens can be annoying. The answer is not to
compare your counter time base with a primary standard
but to use the primary standard itself as a time base by
linking up with a Bureau of Standards station at
Boulder, Colorado.!

If WWV is selected, propagation delays will cause tim-
ing problems that affect accuracy. Station WWVB is a
better choice. Its 60-kHz carrier ensures good accuracy
and freedom from shortwave propagation delays. WWVB
is the most powerful of the NBS stations (16 kW effec-
tive radiated power) and its timing signals are accurate to
2 parts in 101! or better. WWVB'’s signal received in
rural Wisconsin is solid night and day, season to season,
except for a slight diurnal effect at local sunrise and
sunset. WWVB’s signal strength is 500 uV or more
throughout the U.S. except for the upper East Coast,
lower Florida, and northwestern Washington, where sig-
nal strength is 100 uV,

By Harold Isenring, WOBTI, 10850 Amy Belle Road,
Colgate, Wisconsin 53017



The following paragraphs explain how to amplify
WWVB'’s 60-kHz carrier, eliminate the nonessential infor-
mation on that carrier, and use the resultant output in
conjunction with your frequency counter to obtain a
precision frequency standard.

each second. Further clock information is provided by
varying the length of time the carrier is reduced in ampli-
tude each second. The carrier modulation is useless for
the project described here and must be removed as it
causes an accuracy problem with the final signal.
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fig. 1. Loop antenna construction details.

preliminary checks

A test setup with receiver, loop antenna and 60-kHz
preamp was built to determine the feasibility of this
idea. | recommend building the loop and preamp first to
determine if WWVB's signal strength is adequate at your
location. The dimensions of the loop | built (fig. 1) were
determined by the size of my attic opening. The large
loop size accounted for the great success with WWVB
reception. However, my attic location introduced some
problems. The attic temperature range was 132°F
(70°C), which severely detuned the uncompensated
winding within the loop. Severe sensitivity and selec-
tivity losses resulted. The loop now is in my basement,
where temperature excursions are only 10°F (6°C) and
reception is more than adequate.

The preamplifier (fig. 2) can be operated temporarily
by connecting it to a 20-volt power supply capable of
supplying at least 4 mA. Apply the 20 volts to J1 in
series with a 1000-ohm, Y-watt resistor. After amplifica-
tion by the loop preamp the signal is a pure 60-kHz sine
wave and can be observed at test point 1 with an
economy oscilloscope.

The modulation on WWBV's carrier is capable of con-
trolling a sophisticated digital clock. This modulation is
in the form of a 10-dB decrease in carrier strength once

Another problem is caused by the fourth harmonic of
the horizontal scanning amplifiers in local television sets.
When operating on monochrome reception this signal is
15,750 Hz times four, or 63 kHz. Black and white is rare

Processor top view. Divider chain is immediately behind front
panel switch. Rf amplifier, limiter, and zero-crossing detector are
at upper left; power transformer is at right.
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nowadays, but color broadcasts produce an interference
frequency of 15,734.264 Hz times four, or 62.937 kHz.
This signal beats with WWVB’s carrier resulting in a
2.937-kHz beat note. The beat note is not pure because
the interfering signals from television sets are rich in

information, a counter will count the frequency as more
or less than 60,000. This phenomenon occurs because
the squaring circuit turns on and off at a certain point
on a sine wave. The squaring circuit turned on at a rising
voltage of 0.6 and off at a falling voltage of 0.6. As

& sedoe2 2v3830 1EY 1
60 kHz LOOP
ANTENNA
co
“Tou
ce Ji
e ( B0 kMz
R4 e O/
it 2.2x
04 PP
L]
AN
L1 22 turns, part of loop antenna (see text) L3 40 kHz remote control cup-core rf coil, 48 mH (found
L2 6 turns, part of loop antenna (see text) in many TV remote controls)

fig. 2. 60-kHz preamp that is installed in the loop antenna (fig. 1).

harmonics. There are two ways of eliminating this prob-
lem: providing 60-kHz receiver selectivity and careful
placement of the loop antenna.

WWVB carrier-level shift

The WWVB 60-kHz signal was amplified to a level
sufficient to operate a squaring circuit and TTL logic.
The WWVB 10-dB carrier reduction, even though still of
sufficient amplitude to operate TTL logic, created a new
problem. At nearly every 10-dB carrier reduction a fre-
quency shift occurred. If you count the number of
cycles of the full-power carrier for one second, 60,000
will result. Also, if you count the frequency of the
reduced-amplitude carrier, 60,000 will result. However,
since the carrier power decreases every second, and the
duration of the decrease varies in length to impart binary

View of the WWWVB processor showing part of the
divider chain and power-supply wiring.
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ZERO CROSSINGS OF BOTH
CARRIER STATES ARE IDENTICAL

%70‘&[ CYCLE OF 60 kMr —

fig. 3. Apparent frequency shift of WWWVB when using a digital
logic circuit as a 60-kHz counter, The time for 1 Hz, as detected
at the 0.6-V level, can be A to A', B to B', A to B', or B to A’
depending on the carrier amplitude and the duration of its mini-
mum level.

shown in fig. 3, 0.6 volt occurs at a different point in
time depending on carrier power. Since the duration of
the shift in carrier power is quite variable, the resulting
frequency in the scheme also varied.

Simple and complex limiters were tried in an effort to
eliminate the 10-dB carrier-level shift within the receiver.
A Bishop limiter was both economical and very effec-
tive.2 A scope observation of the limiter output showed
no noticeable change in level, but the counted output
showed a - 138 to +12 Hz error. There had to be another
way.

Further observation of the signal revealed an interest-
ing fact: the zero crossings of the sine waves were always
coincident, no matter what the amplitude. So why not
count the zero crossings? A search for a suitable zero-
crossing detector resulted in the trial of an operational
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fig. 4. Schematic of rf amplifier, limiter, zero crossing detector, divider chain and power supply.

amplifier. It was a fair detector but its output was not a
usable square wave, because op amps are too slow when
used in this type of service. An LM311 comparator (fig.
4) was tried with great results; the output was a beauti-
ful square wave. Removal of the limiter further proved
that the LM311 was a true zero-crossing detector. (The
limiter was retained in the final circuit, however, to cor-
rect for possible fading and lightning static.) You'll need
a scope with good low- and high-frequency response to
observe the square waves within the processor.

Now that we have an accurate and usable 60-kHz
square wave, it must be divided down for use as a gate
for a counter. A 7490 counter IC connected in a divide-
by-six configuration provides a 10-kHz square wave. Five
more type 7490 ICs connected as divide-by-ten circuits
provide 1-kHz, 100-Hz, 10-Hz, 1-Hz and 0.1-Hz outputs.
if your counter has a MacLeish count gate and control

logic, you can eliminate one divide-by-ten circuit or
switch it out with $2.3

The last division by ten is done within your counter
by a very necessary multiple-function stage that can’t be
eliminated. The elimination of one 7490 stage will
decrease the 5-volt circuit current by 27 mA, and to
maintain 5-volt zener current you’ll have to increase R20
to 93 ohms at b watts and R19 to 71 ohms at 5 watts
(fig. 4). You may decide, however, to retain the 7490
stage if you want to use the processor for tasks other
than gating a counter; after all, 7490s no longer cost
$16.00 each! If your counter uses RTL logic in its
divider chain {(MC790 etc.), it will be necessary to use an
interface device. An npn silicon transistor connected as
in fig. 6 will act as a buffer between the 5- and 3.6-volt
systems.

A phone jack with an spst switch attached must be

march 1976 3



4 I |40 Hr 14 A ! iy
& 2
IHr g 12| T490 |3 2] raso 5]
TO GATE
rL —I_J‘
0 =0 - ol = ! 2
& PROCESSOR .
7

© sMPLE GATE

PROCESSOR
JACK

© macLEisH GaTE

fig. 5. Modification of the two most popular counter crystal
oscillator divider chain circuits to accommodate a processor jack.

mounted at the rear of your counter. Connect it as
shown in figs. 5 or 6. Those who have built counters will
have no qualms about drilling holes, and those with
manufactured counters should have no worries either if
their work is skillfully done; it's the botched-up appear-
ance of electronic equipment that hurts its resale value!

When the plug from the processor is inserted into the
counter, the crystal-oscillator divider chain is interrupted
and the processed WWV B signal gates the counter. If the
processor output is set at one second, and the counter
input is connected to the 60-kHz square wave at test
point 4, 60,000 Hz will appear on the counter readout.
This is a great test for the health of your counter’s gating
circuit. Now pull out the plug, allowing your counter to
run on its own time base. The readout probably will not
be exactly 60,000 Hz at that time.

Left side of WWWVB processor showing T2 and LM311 comparator.
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Many loop designs are available.?+5 | chose the one
most difficult to build: the double copper shielded type
that has immunity to capacitively coupled noise. How-
ever, a large loop wound on a simple wooden frame,
popular with the broadcast radios of the 1920s, would
be fine. A long ferrite loopstick was also tried; it worked
but required more gain in the preamp.

Construction details are shown in fig. 1. Obtain two
pieces of soft copper tubing at a plumbing supply store.
One piece should be % inch (12.7mm) ID by 171 inches
(4.34m) long. The other, 1 inch (2.5cm) ID by 170
inches (4.3m) long. Before bending into a circle with a
27-inch (70cm) radius, the smaller-diameter tube must
be inserted into the larger tube. The small tubing must
touch the outer tube at only one spot: the entrance to
the preamp box. To prevent a short between the tubes
anywhere within the circle, the inner tube is suspended
within the outer by liberal use of short lengths of auto-
mobile heater hose.

Pieces of hose 2 inches (5cm) long are secured at both

U

MC TR0

) tr =2

fig. 6. Interface circuit for use between WWVRB processor and
digital counters having RTL logic.

ends with masking tape to prevent migration from their
12-inch (30cm) intervals during insertion into the larger
tube, After carefully forming into a 54-inch (1.4m)
diameter circle, you will have to position the inner tube
with a mallet. Easy does it! One end should protrude 3/4
inch (17mm), the other 1/4 inch (6mm).

The end with the shortest protrusion is inserted 5/8
inch (15.8mm) into a 1-1/8-inch (29mm) hole punched
into one end of the preamp box (see fig. 7). The other
end is inserted into a 1-3/8-inch (35mm) hole at the
opposite end of the preamp box. This end is insulated by
two blocks of fiberglass, formica, or bakelite. The other
end is sweat-soldered to the zinc-plated steel box. For
this you’ll need a torch or a very large soldering iron
because the copper is a great heatsink. The inner and
outer tubes are connected together at this point with a
copper washer soldered in place. Install the insulators
after everything cools down. Two large terminal strips
with a minimum of 52 lugs total are bolted to the sides
of the preamp box.



A 190-inch (4.8m) length of 50-conductor telephone
cable was used as the loop inductance. This cable, which
is used to connect phones in business offices, seems to
be available in short lengths as scrap everywhere. Forty-
four of the conductors were connected in series using
the terminal lugs within the preamp box. The remaining
six conductors were connected in series and used as a
low-impedance tertrary winding to couple the high-
impedance loop to the low-impedance preamp input.
Use care as you connect the cable in series. Use an ohm-
meter and observe the cable color coding. One shorted
turn can render the loop completely useless.

Forty-four turns of wire resulted in too much induc-
tance, as the coil was easily tuned down as far as 30 kHz.
The winding was split in half and both halves paralleled,
which resulted in 22 turns of 2.275 mH inductance with
a dc resistance of 4.4 ohms. The stray capacitance and a
2500 pF trimmer tuned it to 60 kHz,

final assembly

The amplifier components, circuit board, test jacks,
coax connector and loop trimmer may now be mounted.
The finished loop will stand alone, supported by the
preamp box. Two wire loops are soldered to the upper
part of the loop so that cords can be attached to prevent
it from falling over if accidently bumped. The processor
and the power supply for the entire system are mounted
in a 5-1/4 by 3 by 5-7/8-inch (13.3 by 7.6 by 15cm)
equipment cabinet.

The hand-wired circuit layout isn't critical. Three
convenient test-point jacks make testing and tuneup
easy. The limiter time delay capacitor is mounted on
plugs so it can be disconnected during alignment. The
1000-pF disc capacitors, C25, C26, C27, C28 eliminate
diode radiation into local vhf receivers. To be 100%
effective, these capacitors must be soldered to the diodes
with as short a lead length as possible.

tuneup

After a thorough wiring check connect the preamp
and processor with a length of coaxial cable. Any small-
diameter coax can be used. This cable also supplies the
10 volts dc for the preamp. Power supply regulation is
important, The 10-dB carrier swing and logic dividers
tend to modulate the dc supply and may cause a prob-
lem in another stage. So be sure that the zener diodes are
truly clamped at 5 and 20 volts and that their power
dissipation is not approached or exceeded. This can
come about because of the wide range in power trans-
former outputs available to builders.

Signal generators for 60 kHz aren‘t readily available,
so a portable television set may be used as a temporary
signal source. Place the television set, which is receiving a
clean signal from any local channel, near the 60-kHz
loop. Attach an oscilloscope to test point 1 and set its
time base to the range that includes 10 to 30 kHz. Tune
the loop trimmer and the slug in L3 until a sine wave
trace appears. If everything is working well, you are now
tuned to about 63 kHz, the fourth harmonic of the tele-
vision horizontal scanning frequency. The third and fifth

Underside of preamp. Terminal lugs are used to series
connect a 50-conductor telephone cable, which is used
as the loop inductance.

harmonics must be avoided. It is sometimes possible to
tune homemade loops to 46.65 or 78.75 kHz by acci-
dent. If the television set is too close the system may
overload as you tune to resonance. It's wise to keep mov-
ing the television set farther away as the scope trace in-
creases. Rotating the loop to a partial null is also helpful.

Now turn the television set off. If the loop is oriented
for maximum signal from Boulder, Colorado, you should
see a weak sine wave with its characteristic one-second
dip in amplitude on the screen. Don't forget you're
tuned about 3 kHz too high in frequency. Now retune
the loop and L3 for maximum using WWVB as a signal
source. If the sine wave does not have the one-second
dip, one or both of two things are happening. First,
there may be a television operating close by — maybe a
neighbor’s set. Second, the preamp may be oscillating. If
the latter is the case, readjust regeneration capacitor C8
until the signal is reduced to the point where the one-
second flutter starts. If the preamp continues to oscil-
late, reverse the tertiary loop winding. The trace, on a
well-focused scope, should be a fine single line writing a
60-kHz sine wave. A fuzzy line wider than normal indi-
cates interference from a local television set.

Rear of processor,

4
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Repositioning the loop so that the interference is at a
null while WWVB'’s signal is maximum is quite success-
ful. | can coexist with the local color television set even
though it's only 30 feet (9m) away. System selectivity
allows me to live with local television interference.
Better than 3-kHz selectivity is not too hard to obtain
with three tuned stages at 60 kHz. This will be quite
evident when transformer T1 is resonated. Attach the
scope to test point 3 and remove time delay capacitor
C14. Tune the slug in T1 for maximum. (This is a little
difficult because of the one-second flutter.) You only
have a second, but it can be done with a little practice.
Adjust the gain control at this point for a maximum
undistorted sine wave. Reconnect time delay capacitor
C14, and within four to six seconds the sine-wave flutter
wil! stop, indicating successful limiter operation.

If your efforts have been successful, you now have a
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source of accurate timing intervals and frequencies.
Although the original intent was to build an accurate
time base, the instrument’s output may be multiplied for
use as a local frequency standard. A 1-MHz output is
easily obtained with solid-state multipliers.
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1. ""NBS Frequency and Time Broadcast Services,” NBS special
publication no. 236, $.25 from Superintendent of Documents,
U. S. Government Printing Office, Washington, DC 20402.
2. Peter Lovelock, “The Audio Bishop,’’ 73, September, 1974.
3. Kenneth MacLeish, ‘A Frequency Counter for the Amateur
Station,”” @ST, October, 1970.
4. Don Lancaster, ''Experiment with WWVB,” Radio Elec-
tronics, August, 1973.
5. “Wave Length Ranges for a 4-Foot-Square Loop,"”
Standards Radio no. 780, October 8, 1921.
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DELUXE REPEATER AUTO PATCH

The auto-patch your club will
be proud to own. It's complete
in every aspect. Two 1-4 digit
access codes, one 1-4 digit dis-
connect, rotary dial or regen-
erated Data Tone output, dial-
in capability, *1', 0" and
numerical disconnects, |ID by-
pass, audio monitor, keyboard, digital readout, plus many other
features. Send for brochure. Rack mount only.

RAP-101 Sh. Wt. 15 Ibs.

$949.00

DATA-TONE DECODERS — TTD-12 & TTD-16

The TTD-12 (TTD-16) is a com-
lete 12-digit (16-digit) Data
one decoder. It uses the latest

Phased Locked Loop technology
to provide an extremely com-
pact, low-power receiver/decod-
er. The TTD-12 accepts the
standard 2 out of 7 (the TTD-
16 accepts 2 out of 8) tone
frequencies, providing a valid
output for each tone pair. Stan-
dard outputs are available with

heavy duty relays or TTL logic. The TTD-12 and TTD-16 provide

DATA TONE
TO DIAL PULSE
CONVERTER

Convert standard 0-9 Data
Tone digits to Bell System -
compatible dial pulse code. Cnmplete’y solid state. Includes state-
of-the-art Phased Locked Loop anti-falsing Data Tone decoder,
large capacity 64-digit memory and solid state pulsing. Starts dial-
ing on first incoming digit. Memory will not become congested due
to rapid succession of incoming digits. Cancel and redial function.
* and # digits are decoded and provided for remote control
purposes. Available as p.c. board or rack mounting.

DPC-121 P.C. Board $195.00
DPC-121R Rack Mount  $285.00
ANTI-FALSING

DATA TONE

DECODER

Now, a true anti-falsing de-
coder/receiver. Virtually im-
mune to high noise or audio
falsing. Twelve or 16 digit
capability. Completely solid : .
state, uses latest Phased Locked Loop decoding. Single 5-volt
power supply. Heavy duty transistor output. Available as p.c.
board or 19" rack.

Slmp:je [and reliable selecllwe signaling capability. Thdeydare ideally TTD-126-12 12 digit P.C. $149.95 Rack $219.95
suite or remote control purposes where unattended operation o

over radio links, private lines or the telephone network are TTD-126-16 16 digit P.C. $169.95 Rack $239.95
required.

TTD-12L, TTL output $89.50 wired REPEATER

TTD-12R, Relay output $109.50 wired AUTO PATCH

TTD-16L, TTL output $99.50 wired

TTD-16R, Relay output

$129.50 wired It's complete — a single

AUDIO AUTOMATIC GAIN CONTROL AMPLIFIER

Is your tone decoder having problems due to input variations? If
so, eliminate these and other problems caused by weak, strong
or varying input signels. The GC-1 will take signal levels be-
tween 50 mV ta 5 Volts and feed a clean rock stable signal to
any decoder for perfect operation. Give your decoder a chance
to decode properly with our AAGC-1 amplifier.

Shipping Weight 3 oz. $24.50 wired

AUTOMATIC DATA TONE DIALER

Automatic mobile telephone

dialing is now available. By = . =
the push of a single button AT
you can automallcall)’r dial aJal7ked « «

up to six separate /-digit 2151°1° o i
numbers. All solid-state - 000 B
micro-power COS-MOS de-

sign. Automatic PTT operation. Programmable to send telephone
number only, access code plus telephone number or telephone
number plus an identification number. Low profile dash mount,
easy installation. Compatible with most radio equipment. Available
with keyboard for manual dialing of numbers. Manual operation
provides automatic PTT operation with 14 second transmitter hold.
AD-6 Without keyboard  99.50
AMD-6 With keyboard 119.50

Factory programming of numbers $7.50.

DATA TONE PADS

Standard size 12 and 16 digit Data Tone Pads. Automatic PTT
operation with 1'% second transmitter hold. Self powered via
internal 9V battery. Audio and PTT outputs, TTP-1 and TTP-2
also has low volume audio monitor for acoustically coupling of
tones to microphone. Zero quiescent current. Operating temper-
ature —20°F to +4-150°F. R. F. proof.
TTP-1 16 digit 3" x 5%" x 14",

TTP-2 12 digit 3" x 5%A" x 1%”".

Sh. Wt. 2 Ibs. 59.50
Sh. Wt. 2 Ibs. 59.50

Order Today —

& DATA SIGNAL, INC.

2403 COMMERCE LANE

digit access/disconnect Auto
Patch facility. All you need
is a reé:ealer and the phone
line. omplete with auto-
matic disconnect, dialing capability, two way audio monitor plus
remote control, When used with a rotary dial exchange, Data
Signal's DPC-121 dial converter is also required. P.C. board or
Rack Mount available.

RAP-2 PC $99.50  Rack $149.50
Sh. Wt. 2 Ibs.  Sh. Wt. 8 Ibs.

DELUXE

P.C. KEYER

In either a 5 volt TTL
or a 9 volt C-MOS
version this new mod-
ule type IC keyer can
be easily adapted to
your own custom
package or equip-
ment. Versatile con-
trols allow wide char- |
acter weight wvaria-
tions, speeds from 5
to 50 w.p.m. plus vol-
ume and tone control. Solid-state output switching saves power,
eliminates all those annoying relay problems and is compatible
with both grid block and solid-state circuitry, With its side-tone
monitor and 90 day warranty the Data Signal PC Keyer is the

one for you.
TTL Keyer Wired $19.95; Kit $14.95
C-MOS Keyer Wired $24.95; Kit $19.95

DELUXE RECEIVER PREAMP

Specially made for both OLD and NEW receivers. The smallest
and most powerful single and dual stage preamps available.
Bring in the weakest signal with a Data Preamp.

FREQ. " DELUXE PREAMPLIFIER
(MHz) USE STAGES GAIN dB NF d8  KIT _WIRED
SINGLE 20 25 § 9.50 $12.50
144 10 148 2 METER _ DOUBLE 40 25 51850 52450
1 thru 30 HF BROADBAND  19-36 3 ~ 51795

Others Available.

Send for Free New Catalog

ALBANY, GEORGIA 31707, 912-883-4703

More Details? CHECK—OFF Page 102
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high-speed

What to expect

in available TTL logic
for application in
two-meter

frequency synthesizers

Many articles in the amateur magazines have described
frequency synthesizers for use in two-meter fm trans-
ceivers. Most generate a harmonic of a crystal-controlled
reference frequency by a voltage-tuned oscillator (VTO
or VCO) locked to the proper frequency by a program-
mable frequency divider (divide-by-n counter) and a
device that provides a control voltage proportional to
the phase difference between the divided-down signal
and the reference frequency. The voltage is amplified
and used to tune the oscillator to the right spot.

The reference frequency is made equal to the desired
channel spacing. For instance, 146.94 MHz is the 4898th

divide-by-n counters

problem would exist in making a stable exciter for an fm
transmitter. If we had a switch to make the reference-
frequency harmonic anything we wanted between 4867
and 4933, we could do business on any of those fm
channels. One difficulty is that such counters (those
made from low-priced parts) don’t work at very high
frequencies. This article describes a counter that goes
about as high as possible — at least for fifteen dollars’
worth of ICs. It also explains why you can’t go higher.

presettable counter IC specifications

In the manufacturers’ applications notes |'ve seen, the
highest frequency quoted was 25 MHz for a device with
a specified test at 8 MHz. Other literature quotes 22 and
13.56 MHz for input freguencies to the programmable
counter portion. However, the Hewlett-Packard
HP-8660A synthesized signal generator uses several pre-
set counters operating in the 20- to 30-MHz region. |
made a partial copy of the instruction-book circuit. The
HP-8660A uses 8290s and 74H logic; | used SN74196s
(which were listed in the surplus ads) and Schottky-
clamped 74S logic, which | had on hand. It turned out
that both were faster than those used in the original.

circuit description

The logic diagram of my circuit is shown in fig. 1. For
a three-stage version merely leave off the last decade;
maximum frequency remains the same. Details of the
first two stages are shown in fig. 1. The counters are
preset to, say, 55655. Following the load pulse, which is
negative-going on a line that's normally high, the input
frequency is counted until the count gets ta 9997 (the
terminal count). The next clock pulse triggers the auxil-
iary flip-flop, again enabling the load pulse {two cycles
long), getting us back to zero. The total count is 10,000
minus 5555, or 4445 (10-kHzoutput for 44.5-MHz input).

First | tried the parts barefoot (partially wired in) to
make sure they were as advertised. The SN745112 went

By Hank Cross, W10OP, 111 Birds Hill Avenue, Need-
ham, Massachusetts 02192

harmonic of 30 kHz. If we had a divide-by-4898 circuit
and an accurate 30-kHz reference frequency, no great
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up to 160 MHz in a simple divide-by-two setup. The
SN74196s operated as decade counters (the data input
pins 3, 4, 10 and 11 grounded) went up to 70 MHz — no
problem.

To find out if the unit is working correctly requires
enough precision to spot one missing pulse in 10,000. |
used either a digital synthesizer or a signal generator and
counter for the input signal (-1 to plus 13 dBm sine
wave worked okay) and a counter on the output. And of
course a calculator is needed. (Lots of digits blinking
around.} | found that the divide-by-4445 unit first be-
came a divide-by-4447 then a divide-by-4450 counter as
the input frequency was increased until the first-bit de-

A B C D PRELOADS

% 10k NOMINAL
LOWER RESISTANCE
GIVES MORE HYSTERESIS

+ »* 1.5k

how to go fast
To make a presettable counter (either up or down
counter) work at high frequency we must do two things:

1. Recognize the terminal count and set up the flip-flop
before the next cycle of the input frequency.

2. Make a load pulse long enough to ensure that all
counters are preset to the right number and the tran-
sients have died out. For the SN74196, the book speci-
fies 20 ns; mine was 30 ns at 55 MHz.

To recognize the terminal count, 9997, we look for a
7 in the first decade (0111) and nines (1001) in the rest.

X} X) \X} DATA (PRESET) INPUT THROUGH
15k COMPLEMENT - OF ~NINES -COMPLEMENT SWITCH
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9
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5 15 12 |12 5 15 12 |2
MONITOR
’_{e—”oourpur
o (T0
: COUNTER)
1k
+
1|24| [s 9 bzl 3 IN9I4
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fig. 1. High-speed four-decade presettable counter. *'Out’ pulse (positive) is 30 ns long at 55 MHz. *‘Manitor”
pulse is 20% duty cyclie at about 10 kHz. Input is -1 to +13 dBm sine wave.

coding wasn’t quite fast enough. The 3- and 4-decade
versions had about the same maximum count frequency,
so | wouldn’t expect trouble from adding a fifth decade.
One SN74196/8290 (so marked) lost counts when used
in the first stage above 28 MHz, but it worked okay in
the third. The Tl SN74196s went to 56,451.5 with the
right numbers. | borrowed some Signetics 82S90s; with
these in the first three stages the maximum frequency
was 60.89 MHz but was 56 MHz with only one (in the
first stage).

There will be some problems at other values of preset,
but so far 1 haven’t investigated them, as | haven’t fig-
ured out how to make 10,000 tests quickly. When the
VCO loop is complete and the switch is wired in |'ll
go looking for trouble. Either the counter reads the same
number as the switch or it doesn’t,

Both 7 and 15 have the three-ones pattern in the first
three binaries; but an SN74196 does not count to 15,
and in any case it would get to 7 first because it’s an up
counter. The same is true for a 9; two ones are enough
to decode a 9. The pattern fills in from the right: the last
decade hits 9, then the next, and the next. Four counts
later Q¢ of the first decade is 1; on the sixth count Qg is
a 1; and one count later the Q terminal goes high,
about 10 ns later than the input clock’s down-going tran-
sition. (Both the SN74196 and the SN74S112 work on
the negative-going edge of the clock pulse — here it's
pretty much a sine wave.)

The best choice for fast action is an SN74S11
positive-AND gate, which gives positive output for all-
positive inputs. The pulse, delayed another 4.5 ns by the
gate, is applied to the J input of the SN745112/113/114
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dual flip-flop. The specified setup time (J positive before
clock transition) is 3 ns, so the total is 17.5 ns, a full
cycle at 57 MHz. (The numbers seem to check out.)

Compared with the Q4 output we have an extra 17
ns at Qg and 52 ns at O, to say nothing of 122 ns for
the Q, of the second decade; so there is only one criti-
cal time delay here. If we had used 8 instead of 7 there
would have been more problems. A 930 DTL gate does
very well for the other decades (see fig. 1).

If the gates enable the J input in good time, the
SN74S112 toggles on clock number 9998. Q goes up and
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fig. 2. Nines-complement encoder (one decade; NAND gates used
as NORs). The first decade should be tens complement (preset 6
for 4, not 5), which is easily done by a wiring change at left.

Q@ down, working the set (PR) input of the second sec-
tion, so its Q goes down. This output is the load input of
all four decades. On count 9999 the first section returns
to normal. On count 0000 the second section returns to
normal, ending the load pulse. At 57 MHz this is two
periods {35 ns) less b (the extra time for the direct set to
work), or 30 ns. The load pulse extends into the first
count period by 5 ns, but this doesn’t seem to make any
difference.

some device advice

My experience with available devices used in high-
speed counters is presented below for those interested in
what to expect. The Ti SN74196, Motorola MC4016,
and T1 SN74192 are examined.

Up counters are easier to decode and are more diffi-
cult to preset than down counters such as the MC4016
and SN74192. The SN74196 presents some problems.
Preset coding is by nines-complement (9 minus the
desired number). The best switch to use is called
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‘‘complement-of-nines-complement,” but these seem
hard to come by. For a few digits, an encoder from
10-point to nines compiement (or any other code) can
be made with four gates per decade using two 930s, as in
fig. 2. A BCD nines-complement converter can also be
made using gates, inverters, and an exclusive-OR per
decade.

The SN74196 uses external terminal-count decoding
and the counters are nonsynchronous. On the other
hand, it operates as a preset counter beyond 50 MHz.

The MC4016, designated as a divide-by-n down
counter, has other problems. It costs as much as an
82590. Its Qp delay, although not specified, is about 20
ns. Its Qg delay is high, and its built-in zeros detector is
not usable in the first decade. Its maximum frequency is
probably less than 35 MHz with all possible circuit tricks
employed. Early decoding should probably be done on
“4." Three flip-flops would be required.

The most popular down counter is the SN74192. Its
price is right; a BCD or (preferably) a BCD-complement
switch presets it; it has built-in terminal count decoding
(“borrow’’); and the counters are quasi-synchronous.
Time delay at the Q outputs is specified, although delay
is longer for a 1-0 transition.

BCD down counting means that either the first bit
goes high or zero, or that two bits change together,
which involves a 1-0 change thus limiting decoding
speed. Minimum decoding delay of the SN74192 is
about twice that of the SN74196. So the maximum fre-
quency of the SN74192, based on book data, would
probably be no more than 28 MHz; however, | haven't
made any circuit measurements in this regard.

construction

| made tests on a circuit wired on a 3677-2 Vector
board. This board costs more than the ICs, with its
socket. | used Cambion sockets for ease in swapping
counters. The Vector board has %-inch (6mm) wide
strips for B+ and ground. | used several C513 tantalum-
slug bypass capacitors between the two buses at strategic
points. Wiring was no. 22 (0.6mm) solid hookup wire. |
found no layout or grounding problems. All unused in-
puts were connected to Ve through a 1k resistor.
You'll never find out what's going on without a high-
speed dual-trace scope; however, once it’s going, you're
all set.

The input circuit in fig. 1 worked better than several
fancier “‘trigger’’ circuits. Note that a resistor between
the input and output of an SN74S11 provides positive
feedback. Without the resistor the circuit may oscillate
with no input signal; adding positive dc feedback makes
it a trigger with hysteresis. The whole counter draws less
than 300 mA at 5 volts.

Something that hits 10-kHz multiples at 48 MHz has
obvious application on two meters. That’s the next step.

ham radio



ATLAS TRANSCEIVERS

MADE IN U.S.A.

WE ARE PROUD THAT EVERY ATLAS TRANS-
CEIVER AND ATLAS ACCESSORY IS MADE IN
AMERICA! We think the American worker, and our
employees in particular, are the most talented, hardest
working people in the world. The quality of Atlas trans-
ceivers and our very competitive prices are the proof
of this.

OUR PHENOMENAL 8 POLE LADDER FILTER that
gives Atlas transceivers such superior selectivity was
designed by Bob Crawford, an American engineer, and
is manufactured exclusively for us in Phoenix, Arizona.

OUR PRINTED CIRCUIT BOARDS. and R.F., LF,,
and A.F. plug-in boards that make servicing your Atlas
transceiver fast, easy and inexpensive are made right
here in Southern California.

THE SOLID STATE CIRCUITRY of our transceivers is
based on designs by Les Ernshaw formerly ZL1AAX,
widely recognized as one of the foremost solid state
radio engineers in the
world, and founder ol
Southcom International
located in Southern Califor-
nia. Southcom is one of the
leading manufacturers of
commercial and military
radio equipment sold
throughout the world. Atlas
transceivers’ immunity to
overload and cross modula-

tion from strong signals is

gy Y
o v e e e e ool |\ \_ Y
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nothing short of fantastic, and is a result of the ad-
vanced state-of-the-art designs by Les, and licensed to
Atlas by Southcom.

WITH ALL DUE RESPECT TO THE FOREIGN
ORIGIN OF A FEW OF THE COMPONENTS, every
Atlas transceiver is designed and manufactured right
here in our plant at Oceanside, California, U.S.A.

We think it is fitting that in this year, 1976, the 200th
birthday of our nation, that
each of us give at least
equal consideration to
products MADE IN
AMERICA. Not only
because they are Made in
America, but because, like
our Atlas products, they are
simply a much better value!

SEE YOU AT
SAROC HAWAIIAN!

ATLAS AMATEUR RADIO EQUIPMENT:

10RO ZISK & o srieed vis i AEEIES e 55 avaerss e $649.
(With noise blanker installed $689.)

AC Console V107220V . icmice o v i wos v » $139.
Portable AC Supply 110/220V ... ............ $ 95.
Model DD6 Digital Dial . ................... $199.
Plugzin Mobile Kit... ... o e siws3 o6 s - $ 44,
10x Osc. lesserystals. ..o oo vv v vy $ 55.
Noise Blanker, for plug-in installation. .. ..... .. $ 48.

For complete details see your Atlas dealer, or drop us a
card and we’ll mail you a brochure with dealer list.

ATLASTrr s
|l e i S D 1

RADIO INC.

Ask the ham who owns one!
417 Via Del Monte ® Oceanside, CA 92054 @ Phone (714) 433-1983



On-the-air

tune up is

becoming more frequent.
These ideas

will help you

avoid this illegal practice

Amateurs have recently increased the practice of tuning
up on the air, which has reached such a level that it's
often impossible to work a DX station or participate in
a net. Many tune-up signals are weak, but others are far
stronger than the desired signal. Such practices are not
only annoying, they’re also illegal. An excerpt from the
International Telecommunications Union regulations
(693) states in part “All stations are forbidden to carry
out . .. unnecessary transmissions . . . the transmission
of superfluous signals and correspondence . . . (and) the
transmission of signals without identification.”
Observation and inquiry show that three factors are
involved in the development of on-the-air tune up prac-
tices: the characteristics of modern transmitting equip-
ment, lack of knowledge about corrective steps, and the
“me first”” approach too common today. This article is

superfluous signals

One of the characteristics of many modern commer-
cially built exciters, transceivers, and linear amplifiers is
that they lack dial scales. Some may have a mark at 9,
12, and 3 o’clock, or even at every hour position, but
many are blank. As a result, it's almost impossible to
preset operating controls with any degree of accuracy.
The only way to obtain proper performance is to tune
up with reference to meter readings. Since amateurs
want full output, it's no wonder that on-the-air tuneup
has become so common.

The solution to this problem is simple — install useful
dials. Here, useful means a dial that can be read to about
one degree of arc or so. It certainly means one that’s
large enough to get your fingers on, is easy to read, and
has no backlash. For many controls it also means a
vernier knob.

Most users of commercially built equipment have put
up with the lack of useful dials from fear of spoiling
equipment resale value. This shouldn’t be a worry, be-
cause it isn’t necessary to change appearance, drill holes,
or take other steps that will reduce resale value. Also no
great amount of work is necessary. On most transmitters
or amplifiers only three controls are involved: typicaily
drive, tune and load. A couple of hours of work should
take care of most cases.

The simplest approach is to remove the old knobs and
replace them with dials having calibration marks close
enough to be useful, typically 0-100 over an arc of 180
degrees. Many styles are available in junk boxes, surplus
outlets, and stores. However, it's difficult to find small
dials with the necessary calibrations. If you're fortunate
enough to obtain such dials, put the removed knobs in a
cloth bag and tie it inside the equipment where it won't
get lost. This saves no end of trouble when it's time to
sell or trade.

Another simple approach is to install a calibrated dial
plate under the control mounting nut. These plates were

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

devoted to the second factor, corrective steps, with some
discussion of the reasons why they are necessary.
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common for many years but are scarce now. They can
be made using dry-transfer kits similar to those for
lettering, or the center portion of a piece of polar graph
paper, suitably lettered, can be used to give calibrations
each 2 degrees. Dial plates can also be hand drawn. Best
appearance is obtained by making the drawing several
times full scale then reducing it photographically.

Both these methods have one disadvantage: they
don't have vernier action. Small vernier dials are usually
available from Radio Shack, Olson or Lafayette in 1%, 2,
and 3 inch (3.8, 5.1, and 7.6cm) sizes. These dials can be
mounted on a false panel section using countersunk

1 PANEL

/— DUMMY PLATE

1
= J\ o DIAL ASSEMBLY
»

PR

J “— SPACER
LJ

- |
[_] ‘\-— ADJACENT SHAFT USED TO ANCHOR
PLATE = FASTENING NOT SHOWN

L

fig. 1, No-holes dial mount using a dummy plate.

screws. The assembly can be held in place by the control
nut or by an adjacent nut as shown in fig. 1; by bending
around the edge of the panel; or by a drilled hole hidden
by the original knob. @ST's "“Hints and Kinks'’ contain
other mounting ideas.

Another method, which involves considerable work
but which offers the opportunity to obtain a “custom
station,”” is to make a complete dummy front panel.
Custom features such as combinations of equipment,
special lettering, engraved calls, and so on can be had by
this method. It's a good method for organizing the clut-
ter of auxiliary controls that most stations accumulate.
Whatever the method used, an additional item needed is
a setting log or card giving the proper setting of each
control for each preferred frequency or for band seg-
ments on the low frequencies and bands on the high
frequencies. Plastic envelopes are convenient for these
logs.

antenna tuner
The ability to return to a known dial setting is a big

ALLOWABLE SWR

fig. 2. Bandwidth corrections for allowable swr.

help but doesn’t fully compensate for another character-
istic of modern transmitters and amplifiers, the fact that
they're designed to work into a 50-ohm load with an swr
no greater than 2:1. An easy way to see how restrictive
this can be is to consider the effect of antenna Q. The Q
will be around 70 for a typical close-spaced Yagi on 7
MHz. The response will be nominally within 3 dB for a
change of +50 kHz. However, the Q response curve must
be multiplied by a factor, k, which takes into account
the allowable swr. The way this factor varies with swr is
shown in fig. 2. The maximum range of transmitter
adjustment is used up with a frequency change of only
+37 kHz. Even with low-Q antennas such as a wide-
spaced Yagi with a Q of around 7, where the transmitter
adjustment range covers 350 kHz or so, there will be
measurable difference in transmitter performance with a
frequency shift of 30 kHz. No wonder on-the-air tuneup
has become so common!

If we look at the reason for this, we find that the

Dummy antenna load fashioned from a paint can.
Ten 510-ohm 2-watt resistors in parallel, immersed
in mineral oil, dissipate 470 watts for 5 seconds —
adequate for tune up.
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culprit is the reactance caused by operating away from
resonance. For example, the resistance and reactance
values for a typical dipole are shown in table 1. For a
one-per cent change in frequency, (70 kHz at 7 MHz),
the radiation resistance changes by about 6 ohms, or less
than ten per cent. The reactance change is over six times
as large numerically.

The solution to the problem introduced by this reac-
tance change is simple — use an antenna tuner. Further-
more, since antenna reactance causes most of the swr
change, we can use a single variable element. The other
antenna tuner elements can be fixed. The improvement
possible by this reactance control method is evident
from fig. 3. The upper curve is the swr expected with a
typical wire dipole fed with a 50-ohm line. The swr
reaches 2:1 for a one-per cent change in frequency. By
simply cancelling the reactance, the swr seen by the
transmitter changes to the lower curve. lts minimum swr
is now lower, reaching 1.0; and 2:1 is reached only after
a 5% per cent frequency change. Note that the minimum
swr occurs at a different frequency as far as the trans-
mitter is concerned. Note also that the swr on the line
does not change: it reaches about 7:1, causing increased
voltage across the line, which may cause breakdown with
small line and high power. The high swr also causes a
small increase in line loss, usually entirely negligible. The

tabte 1. Impedance of a typical dipole antenna.

per cent resistance reactance
resonant length {ohms) {ohms)
46 47 -95
47 53 -76
48 59 -38
49 65 g
50 71 +38
51 77 +76
52 83 +95

gain in frequency flexibility is far more important than
these small problems.

The easiest way |'ve found to attain this single con-
trol action is shown in fig. 4. The pi network is conven-
tional, with the arms continuously adjustable. The dif-
ference is in its use. L, C1 and C2 are preset to the band
used and only C1 varied as frequency is shifted within
the band. The indication for proper adjustment is a zero
reading on the reflected power meter, which isan ARRL
Handbook meter with only the reflected power ele-
ments connected. C1 is first preset to the table value, then
adjusted as required when transmission begins. For a
matched load, proper adjustment occurs with the reac-
tance of each arm equal to the line impedance. This also
gives the element values for a switched arm network.

dummy load

Good dials and a single-control matching unit are a
big help in solving the tune-up problem, but it’s still
comforting to know that everything is tuned up on the
nose. We can have this capability without radiating by
adding another element — a dummy antenna automat-
ically inserted into the transmitter output when the
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fig. 3. Typical swr for dipole antenna with and without cor-
rective steps.

transmitter tune control is activated. A circuit for this is
shown in fig. 5. The diodes prevent interaction between

‘the external relay and the internai circuits. The switch

allows the test signal to be radiated, primarily to deter-
mine initial matching network settings.

The dummy antenna can be a commercial or kit unit,
but the large units rated at 1 kW are not needed in this
service provided that tuneup is held to the few seconds
needed to touch up preset controls. A dummy antenna
isn’t hard to build; the basic components are a handful
of resistors. The following discussion is based on use of
Allen-Bradley resistors. Units of other manufacture may
be satisfactory, but the rating values should be secured
from the manufacturer.

A 2-watt A-B resistor of the twenty-per cent series is
rated for a continuous load of 2 watts for 100,000 hours
when the resistor is mounted with 1-inch (2.5cm) leads
and has a body temperature of 212°F (100°C): this
occurs when the ambient is 122°F {50°C). The life rat-
ing increases by a factor of ten for a 122°F (50°C)
reduction in body temperature. The allowable load in-
creases by 40 per cent for a 10:1 reduction in life. For
short-term loads the resistors, for the same mounting, .
ambient and life, are rated at 44 watt-seconds; i.e., 44
watts for one second.

Suppose one of these resistors is used as a dummy
antenna for a five-second tune-up checks. Over a ten-
year period, if used ten times a day, the load would be
applied for about 50 hours total. Since the required life

+| REVERSE
POWER

SWR

BRIDGE M
TRANSMITTER ~ | | ANTENNA

c:a‘?{ ca

fig. 4. Antenna tuner for reactance compensation.



under load is so short, the load can be increased accord-
ingly. Also, the resistor body temperature can be
decreased by mounting the resistor on heavy fins that
touch the ends of the body and by immersing the fins
and resistors in cooling oil. The body temperature will
then be essentially ambient, certainly no greater than
122°F (50°C).

As a result of these steps, the power input can be
increased by 1.4 times for the reduction in temperature,
and 1.4% times for the acceptable reduction in life, or by
5.35 times. The rating is now 10.6 watts continuous, or
47 watts for five seconds. Ten 510-ohm resistors in
parallel will dissipate 470 watts for five seconds; easily
full output for a 600-watt-input transmitter of the type
that runs at full output on tune, and ample for a 1 kW
unit that tunes at 50 per cent of full output. Forty resis-
tors will handle a maximum legal input transmitter.

ANTENNA

L
TRANSMITTER
I
GND ON LOAD
DUMMY TUNE NORMAL O OFF
LOAD LOAD
?‘j )
i
N e—————————

fig. 5. Circuit for dummy-load control during tune up.

A dummy load designed in this fashion is shown in
the photo. The container is a one-quart paint can. Fins
are copper. The 2-watt resistors are separated by three
body diameters in each direction, and are staggered for
good oil circulation. The cooling oil is light mineral oil,
but transformer oil or hydraulic fluid are usable; mineral
oil is odor and stain free. The unit shown is eight years
old and has been used for tests up to 30-seconds dura-
tion with a 500-watt-input transmitter, repeated until
the can became quite warm. Actually the rating method
above seems to be quite conservative, since the change in
resistance in this period has been much less than the
10-20 per cent expected.

the operator

With these three aids in place it's now possible to get
on the air, correctly tuned up, without causing the
slightest interference. The steps are:

1. Set the exciter, final amplifier and tuning dials to the
logged settings for the band.

2. Activate the tune control, placing the transmitter on
the dummy antenna, and touch up the tuning if readings
aren’t normal.

3. Start transmitting, observing the antenna tuner re-
flected-power meter; adjust the antenna tuner if needed.

These steps will result in the maximum possible signal
and will also make life more pleasant for others on the

channel.
ham radio

SWR-1 guards against power loss
for $21.95

If you're not pumping out all the
power you're paying for, our little
SWR-1 combination power meter
and SWR bridge will tell you so. You
read forward and reflected power
simultaneously, up to 1000 watts RF
and 1:1 to infinity VSWR at 3.5 to 150
MHz.

Got it all tuned up? Keep it that
way with SWR-1. You can leave it
right in your antenna circuit.

@ Swan,

ELECTRONICS

A subsidiary of Cubic Corporation

305 Airport Road, Oceanside, CA 92054
(714) 757-752¢
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vhf/uhf

Joe Reisert, W1JAA

what's wrong with amateur
vhf/uhf receivers — and what
you can do to improve them

How many times have you heard the expression, ““If you
can’t hear them, you can’t work them?’’ Well, this old
saw pretty well sums up one of the biggest problems
faced by amateur vhf and uhf operators. The culprit
usually turns out to be the receiver or converter.

A complete treatment of the subject of vhf and uhf
converters would require a lengthy article which is
beyond the scope of this column. Therefore, | will limit
my remarks to a general nature and, wherever possible,
use references for more detailed information. Further-
more, | will only direct my remarks toward vhf/uhf con-
verters; I'll leave the i-f or tunable receiver up to the
user. Hopefully the remarks in this column will stimufate
some interest in upgrading your converters, and will
make your vhf/uhf operating more enjoyable.

general converter problems

The primary problems with most vhf/uhf converters
are high noise figure, spurious responses, gain compres-
sion and “intermods’’ or IMD (intermodulation distor-
tion), poor stability, and burnout. I'll briefly describe
each of these problems, suggest some cures, and finally,
recommend some tests to measure converter perform-
ance.

High noise figure is a symptom of almost every vhf or
uhf converter | have ever measured. Principal causes (dis-
regarding defective components for the moment} are
high noise figure in the preamplifier, low preamplifier
gain, high conversion loss in the mixer, and high i-f noise
figure. Combinations of the above problems are also
prevalent -- the overall effect is poor sensitivity.

Spurious responses are also quite common in vhf and uhf
converters. Unfortunately, instead of eliminating the
spurious problem, most operators learn to live with it.
Typical causes are insufficient filtering in the rf and local
oscillator circuits, poor choice of intermediate fre-
quency, and instabilities in either the preamplifier, oscil-
lator, or frequency-multiplier stages. The overall result is
the appearance of undesired signals in the frequency
range of interest.
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techniques

intermodulation distortion and gain compression are
usually caused by insufficient dynamic range at some
point in the converter or i-f, The most likely culprits are
poor linearity or excessive rf gain, or both. The require-
ments for low noise figure enhance the problem since rf
gain and lower device operating currents are necessary.
The usual result is the appearance of undesired signals
which cannot be eliminated unless attenuation is placed
ahead of the converter.

Poor stability, like spurious responses, is a problem
many vhf/uhf operators learn to live with. It almost goes
without saying that the i-f following the converter must
be stable. The usual causes of instability are the oscil-
lator circuit (and its components), the power supply,
and the physical surroundings of the oscillator. Poor
stability will cause the received signal to drift or rapidly
change frequency,

Burnout is a perennial problem which has increased with
the widespread use of solid-state devices. It can be
caused by electrical discharge (such as lightning), high rf
signal levels, or improper power supplies -- anything that
overstresses the devices used in the converter. The typi-
cal result is a dead converter without any prior warning.

Before discussing any specific circuit recommenda-
tions, | would like to give my usual pitch for the modular
approach to vhf/uhf converter design where virtually
every stage or function in the converter occupies a sepa-
rate chassis or enclosure. There are many advantages to
this system. First of all, modular converters are easy to
work on because you can work on one circuit at a
time — none of the other circuits is affected. Why build
a new local oscillator chain every time you build a new
converter or preamplifier? Furthermore, optimum per-
formance of each module can be attained on your bench
before you test the circuit in your converter. Shielding
between stages is virtually assured with separate modules
so crosstalk is vastly improved. Finally, if any module
fails, it can usually be rapidly bypassed so operation will
not be completely curtailed or severely degraded.

The primary disadvantages to the modular approach
to vhi/uhf converter design are size, complexity and
cost. However, if optimum performance is your goal, the
advantages far outweigh these shortcomings. Just think
how easy it will be to try out a new preamplifier or
mixer if you use the modular system. All it takes is a
simple substitution of modules, a one- to two-minute
operation, If the change is not productive, the converter
can be restored to its original configuration in seconds.
You no longer have to build a complete new converter
just to evaluate a new circuit.

A block diagram of a typical vhf/uhf converter is
shown in fig. 1. If you use the modular approach, up to
ten individual modules units could be used, but usually
some units such as the crystal oscillator and frequency
multipliers can be combined in one module.

recommendations

The averall noise figure of a well designed vhf con-



verter is usually determined by the preamplifier. The
gain of the preamplifier should typically be 10 to 12 dB,
minimum, but not greater than 18 to 20 dB. Most vhf/
uhf preamplifiers with more than 18 to 20 dB gain are
only conditionally stable (many oscillate if terminated in
an impedance other than the design value — usually 50
ohms). As a rule of thumb, for high dynamic range the
stage gain should be about 6 dB greater than the noise
figure of the system following that stage. For low-noise
converters stage gain should be 10 dB greater than the
noise figure of the following system.

If the mixer has a 5 dB noise figure, for example, 15
dB of preamplifier gain would be desirable for minimum
noise figure; 11 dB gain would be sufficient for a high

INPUT BANDPASS
INPUT—¥ £ rer PREAME, FILTER

As pointed out earlier, spurious responses are quite
common in vhfiuhf converters. Careful choice of the i-f is
a very important determining factor in this regard. Gen-
erally speaking, 28-30 MHz is an optimum choice. Lower
intermediate frequencies are more susceptible to i-f
breakthrough and increase the complexity of filtering
out the image frequency. Reference 3 provides some
good guidelines for choosing an i-f. Image rejection of at
least 30 dB should be a minimum goal.

Filtering of the rf and lacal ascillator circuits should
be carefully considered since insufficient filtering will
enhance spurious responses. Proper filtering of the local
oscillator is seldom given adeguate attention in most
amateur converters, and subjects the mixer to additional

BANDPASS I-F 10
FILTER FosT RECEIVER
»*

CRYSTAL
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FREQUENCY L0
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fig. 1. Block diagram of a typical vhf or uhf converter. The blocks marked with an asterisk are not necessary
if high dynamic range and moderate noise figure are desired. The frequency multiplier is needed only in
those cases where local-oscillator injection is above about 125 MHz (the upper limit for recommended

overtone crystals).

dynamic range converter. Notes on calculating gain and
noise figure are contained in the appendix of reference
1. Reference 1 also discusses the benefits of low noise
preamplifiers and illustrates recommended circuits and
devices.

Although it has been stated many times in the past, it
should be reiterated that maximum gain and lowest
noise figure are rarely coincidental in preamplifiers. In
addition, the input filter to a converter should be a low-
loss, single resonator type such as a quarter-wavelength
coaxial cavity! because any loss ahead of the converter
will be added directly to its overall noise figure. Multi-
ple-resonator input filters should be avoided because the
input mismatch to a typical low noise figure preamplifier
may cause the input tuning to change, thereby increasing
the noise figure.

Quarter-wavelength input filters should be tuned for
minimum vswr into a well matched 50-ohm load. Then
they should be connected to the preamplifier with a
short connection (such as a coaxial adapter) and never
be retuned. Retuning a filter after it has been connected
to a preamplifier frequently results in increased insertion
loss unless precision noise figure measurements are used.

Other sources of high noise figure are high mixer con-
version loss and poor i-f noise figure. A suitable low loss
mixer will be discussed later in this column. The typical
i-f used by most vhf/uhf operators is a commercial 28- to
30-MHz communications receiver. It is not unusual to
find that the noise figure of such a receiver is as high as
10 or 20 dB! Therefore, it is recommended that a low
noise figure preamplifier be placed ahead of the receiver.
This will also reduce the need for high preamplifier gain,
thereby increasing dynamic range. A suitable i-f preamp-
lifier is discussed in reference 2.

undesired frequencies. The result is similar to the com-
puter programmers’ expression, “'GI-GQ" (garbage in —
garbage out).

Interstage and local-oscillator filters should preferably
have multiple resonators (tuned circuits) to enhance
selectivity. Losses of 1 to 2 dB are usually tolerable since
there is generally adequate gain available to compensate
for filter losses. Interdigital filters® are preferred for uhf
while comb-line and helical resonator types®:© are pref-
erable for vhf,

A fundamental oscillator frequency of 90 to 125
MHz is recommended for all converters for 144 MHz and
above. Lower frequency oscillators generally cause more
spurious frequencies, are more difficult to adequately
filter, and can cause unwanted reception of television
and fm broadcast signals. A suitable oscillator circuit is
shown in fig. 2 and will be discussed later in this article.

Frequency doublers are preferred for multipliers since
they are more efficient (especially the push-push type),
more stable, and easier to filter. Frequency triplers, how-
ever, are acceptable when the output is below 300 MHz.
Typical doubler circuits are shown in fig. 3.

Another cause of spurious outputs in vhf/uhf con-
verters is instability in preamplifiers and local-oscillator/
multiplier stages. Care should be taken to adequately
decouple and shield all circuits in the local-oscillator
chain to prevent this type of instability. The modular
approach is a definite benefit in this regard.

intermodulation distortion

Gain compression and intermodulation distortion are
particularly prevalent in most of the vhf/uhf converters
I've seen. Gain compression is simply the lack of
dynamic range with a signal at the input. Intermodula-
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tion distortion, which must not be confused with spuri-
ous responses, is the result of mixing the harmonics of
one or both of the two input signals which in turn gen-
erate other frequencies within the desired passband. This
is caused by non-linearities, either in or ahead of the
mixer, and has been well documented.” 8

First of all, you must insure that only the desired
signals enter the converter. This can usually be accom-
plished with narrowband filters at the converter input
and throughout the rf paths as discussed previously. If
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C1 10 pF mica

c2 20 to 60 pF mica. Use as high value as possible (until
circuit just oscillates reliably when C3 is tuned
through resonance)

Cc3 20 pF piston or miniature trimmer

L1 8 turns no. 24 (0.5mm) on Amidon T37-12 toroid
care, tapped 3 turns from cold end

Ql Fairchild 2NS5179 recommended but 2N2857,
2N3563, 2N918 or equivalent may be substituted

RFC 0.39 uH. Resonates with crystal holder capacitance (4
to 6 pF typical) for parallel resonance at crystal fre-
quency

Y1 90 to 125 MHz, 5th or 7th overtone, series-resonant,

HC-18/U crystal. Cut leads as short as possible (¥4 or
6mm maximum)

fig. 2. Recommended 90 to 125 MHz crystal oscillator circuit for
vhf/uhf converters. Output is 5 to 15 mW. Crystal should be a
high-quality 5th or 7th overtone type. The ferrite bead (FB8}
prevents undesired oscillations above 500 MHz,

the undesired signals are too strong or too close to the
input frequency, additional precautions must be taken.

The mixer is usually the major source of IMD diffi-
culty since it is essentially a non-linear device and sees all
input signals that remain after filtering and preamplifica-
tion. The best solution to mixer-generated intermods is
to use a mixer which has good dynamic range. Bipolar
transistors are extremely poor in this regard and shouid
be avoided at all cost. Fets, including the dual-gate mos-
fet types, are good at vhf but are poor performers above
300 MHz.

The double-balanced mixer is recommended since it
generates fewer spurious responses than single-ended or
single-balanced designs. The fet double-balanced mixer is
recommended for operation below 300 MHz because it
has good dynamic range and conversion gain.? For all
around versatility, however, the Schottky-diode double-
balanced mixer is hard to beat since inexpensive units
{less than $7.00 in single quantities) cover the frequency
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range from 5 to 500 MHz and present 50 ohms at all
ports. The circuit of one popular type is shown in fig. 4.

For best intermodulation performance the Schottky
double-balanced mixer should have sufficient local-oscil-
lator injection (10 to 20 milliwatts) and all ports should
be properly terminated. The recommended procedure is
to use a 3 to 6 dB resistive attenuator on the local-
oscillator port {with a commensurate increase in local
oscillator power), and a well matched i-f preamplifier on
the i-f port, preferably with a diplexer. This subject is
thoroughly discussed in reference 9. An extension of this
technique would be to use one of the high dynamic
range double-balanced mixers. They require even higher
local oscillator power but the higher mixer outputs may
cause the i-f to generate intermodulation products so
their use may not necessarily justify the added expense.

The gain problem is a whole, separate subject. | have
noticed all too often that far too many preamplifier
stages are used ahead of the mixer. Generally speaking,
two stages, (one preamplifier and one postamplifier)
should be more than sufficient, even for the lowest noise
receiver. Gains ahead of the mixer totalling 30 dB or more
are definitely undesirable. High gain rarely contributes
any worthwhile performance benefits and decreases the
dynamic range of the receiver.

The linearity of the postamplifier {the amplifier stage
after the mixer) is also very important. As a general rule
of thumb, this stage should operate with a collector (or
drain) current of four to five times the corresponding
current of the preamplifier. This is necessary because the
signals present in this stage are typically 10 to 15 dB
higher (gain of the preamplifier less loss of the filter)
than at the receiver input so the postamplifier is more
susceptible to non-linearities. 1t may be worthwhile to
note that for each dB of extra gain ahead of the mixer
the intermodulation distortion increases by 3 dB! If
lowering the gain ahead of the mixer causes i-f problems
(poor noise figure, etc.}, a postamplifier can be added
after the mixer.

stability

Frequency stability can sometimes be a problem. The
principal causes of drift are the actual oscillator circuit,
its components, and, in particular, the crystal. Only high
quality components and overtone crystals should be
used. Inexpensive crystals should not be used. Inexpensive
crystals frequently generate spurious outputs, noise, and
drift. Drive levels to the crystal should be kept to a
minimum commensurate with reliable performance.
Frequency-pulling components such as trimmer capaci-
tors should be avoided at all costs as they will seriously
degrade the stability and spurious performance of even a
good high-Q crystal. The crystal should be allowed to
operate at its natural series-resonant frequency, and the
oscillator power supply should be regulated. A recom-
mended circuit is shown in fig. 2.

Needless to say, heat-generating devices such as
vacuum tubes should not be located near an oscillator
because they will seriously affect stability. Furthermore,
all oscillator components should be rigidiy mounted to
prevent any mechanical instabilities.



Burnout has increased with the use of higher power
transmitters and solid-state converters. All circuits, as a
minimum, should use an idiot diode (a diode in series
with the power supply as in figs. 2 and 3). They pre-
vent damage due to polarity reversals and lower cross-
talk. Regulated power supplies for solid-state equipment
are highly recommended and inexpensive due to the
ready availability of three-terminal voltage regulators.!]
A power supply which is used for relays should never be
used to power a solid-state circuit because relay coils
induce large voltage spikes on the power supply line dur-
ing switching operations. It shouldn’t be necessary to
mention it, but never operate a circuit at voltages {(or
power dissipation) above the manufacturer’s maximum
specifications.

Other forms of burnout are excessive rf input or tran-
sients. The ordinary coaxial relays that are used by
vhf/uhf amateurs often have only 30 to 40 dB isolation
between the transmit and receive ports. If you're run-
ning a high power transmitter (500-600 watts output)
this means that up to 0.5 watt of rf power can be im-
pressed across the receiver input.

One simple cure to this problem is to use an addi-
tional lower power relay in series with the receiver for
additional isolation. Another solution is to use a limiter
ahead of the preamplifier. Even a single silicon or hot-
carrier diode across the base-to-emitter junction of a
bipolar transistor will help (see fig. 5). Germanium or
back-to-back diodes across the input line should be
avoided since they frequently turn on too early and can
also generate spurious responses from out-of-band
signals.

Out of band transients and excessive rf can usually be
eliminated with a good input filter as discussed pre-
viously. It is not uncommon to see vo/ts of rf energy on
the transmission line from a vhf/uhf antenna which is
near a high-frequency transmitter such as a 10-80 meter
amateur station.

Lightning is also a real problem. If two relays are used
(as described above), they can be connected so the pre-

OUTPUT

Lk
=

© 100-200 MHz

L1 12 turns no. 28 (0.3mm) on Amidon T25-12 toroid
core
L2 7 turns no. 24 (0.5mmy}, air core, closewound on 0.1’

(2.5mm) diameter

amplifier input is terminated in a 50-ohm dummy load
when the receiver is not in use (see fig. 6). A short-
circuit or open return may cause a preamplifier to oscil-
late. This oscillation could also cause damage to the
device and may generate local, seif-caused interference.

Another possibility for lightning protection is a high-
pass filter which is designed with a cutoff frequency
which is 10% to 50% below the band of interest (see fig.
7). Since most of the energy in a lightning strike is con-
centrated below 50 MHz a highpass filter will provide a
measure of protection against nearby electrical storms,

Lo inPuT0—4 ; 9 oRF INPUT
(10-20 mw} |
5 7 _;‘

37 -O1-F OUTPUT
I o

2,6
Vedd

fig. 4. The Anzac MD108 double-balanced mixer is useful over
the frequency range from 5 to 500 MHz and is recommended for
amateur vhf/uhf converters. This device is priced at $7.00 in
small quantities (plus postage) and is availabile direct from the
manufacturer, Anzac Eilectronics, 39 Green Street, Waitham,
Massachusetts 92154,

However, there is virtually no protection against a direct
hit!

testing and evaluation

There's no question that noise figure measurement is
the most important test of converter performance and
must be performed if proper operation is desired. As
pointed out in reference 1, the measured noise figure
may be optimistically low if a 5722 noise diode is used.
The gas-discharge tube or hot-cold test are recommended
above 400 MHz. The silicon diode noise generator is
recommended only for optimizing the noise perform-

+i2v

3dB8
PAD

— VWO OUTAUT
10 i0-15mw

3
2120
$

© 200-400 MH:z

L3,L4 2 turns no. 22 (0.6mm), air core, 1/8" (3mm) diam-
eter, 1/4” (6.5mm) long

Q1,Q2 Fairchild 2N5179 recommended but 2N2857, 2NS18,
FMT2060 or equivalent may be substituted

fig. 3. Two frequency doubler circuits which are recommended for use with vhf/uhf converters. The circuit in (A) is suggested for inputs in
the range from 90 to 120 MHz. The doubler in (B) is recommended for inputs in the range from 180 to 220 MHz. The 1N914 diode in
series with the power supply lead is the *‘idiot’ diode discussed in the text.
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ance of a converter — it can't be used for quantitative
measurements.

The primary things to look for when evaluating con-
verter noise figure are poor image rejection and non-
linearities in the i-f and detector. One good test is to
compare your converter or preamplifier with another
one (preferably one with a known noise figure) and note
the difference. You can get a good idea of how well your
converter measures up and absolute numbers are not
necessary. For more information on the subject of noise
figure, references 12 and 13 are recommended as starting
points.

It's not easy to test for spurious responses but the
simplest test is to substitute and/or bypass modules in

BlAs

fig. 5. Simple limiter circuit is
heipful in reducing burnout
problems in preamplifier input —

stages. Diode CR1 is a low ‘"1(—

capacitance (1.0 pF maximum)

silicon or hot-carrier diode such CRI
as the Hewlett-Packard
5082-2810.

tion of the undesired signal is usually necessary before
corrective action can be taken. If you are fortunate
enough to have access to a spectrum analyzer, spurious
troubles can be quickly pinpointed.

If you use the modular approach, gain compression
and intermod performance are easily checked without
expensive test equipment. All you need is a coaxial type
attenuator in the 10 to 15 dB range. If this is not avail-
able, 100 feet (30m) of RG-58/U coaxial cable is accept-
able (at 432 MHz this represents approximately 12 dB
attenuation).

The test procedure is to connect the attenuator
between various stages of the receiver to see where the
problem is being generated. If the attenuator is placed
after the preamplifier and the problem persists, the pre-
amplifier is probably the source of the difficulty. If the
problem goes away, however, it's probably being gener-
ated further down the chain and a similar test of the
mixer is required.

Once you have pinpointed the problem it can be dealt
with accordingly. It may even be desirable to have a
built-in system for switching in additional attenuation
ahead of the mixer if the offending signal is not always
present {such as a local television transmitter, etc).

Converter stability can best be tested by using a
stable crystal calibrator with known stability. A variable
voltage supply on various converter circuits can provide

LOW-LOSS
{COAXIAL RELAY
CONVERTER

TO
/R
RELAY

|
!
L9

fig. 6. Simple relay protec-
tion circuit which enhances
transmit-receive refay isola-
tion.

50 OMM
TERMINATION
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fig. 7. Simple 50-MHz high- ¢ c2
pass filter to decrease the
effects of lightning and 62 62
high-frequency interfer-

Li
ence. Keep all leads as .08uH

short as possible to prevent
circuit losses.

cl,cz 62 pF miniature capacitor

Ll 0.08 uH. 4 turns no. 20 (0.8mm), air core, Y™
(6.5mm) diameter, turns spaced one wire diameter

clues to the source of stability problems. A heat gun or
hair dryer can be used to check for thermal instabilities.

Burnout is very difficult to evaluate since most burn-
out tests are, by nature, catastrophic. Suffice to say that
if you have followed all of the previous recommenda-
tions, you have done about all you can do.

final remarks

The intent of this writeup is not to frighten you but
to get you to try your hand at improving your own vhf
or uhf converter. You will probably find that even if
only one circuit is improved it will be worthwhile. When-
ever you replace or modify a circuit you should a/ways
check the noise figure to make sure that the change
resulted in an improvement — you may find that it was a
move in the wrong direction!

| would like to once again reiterate that the use of
quality components and the modular approach to vhf/
uhf converter design will quickly pay for itself in terms
of performance, versatility, and numbers of stations
worked. It will also spur you on to trying new circuits
and devices as they rapidly become available in today’s
highly volatile communications industry.
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5/8-wavelength

vertical antenna

for two meters

An easy-to-build
antenna that provides
a theoretical

3-dB gain over

a quarter-wave
groundplane

After operating two-meter fm mobile for some months |
decided to operate from my home and built a vertical
5/8-wavelength antenna. Comparison with a 1/4-wave-
length groundplane showed improved performance. |
was able to work repeaters with the 5/8-wavelength ver-
tical that | couldnt work with the groundplane. The
antenna described here has been in operation since April,
1973. It's only 25 feet (7.6m) above ground. The lowest
vswr obtained was 1.1 at 146 MHz, and the highest was
1.5 at 147 MHz. The antenna was made from junk-box
parts and a discarded television antenna. Power levels of
100 to 150 watts can be handled safely. Greater power
can be used by changing the series capacitor (fig. 1) to a
variable capacitor with air dielectric, such as the APC
type.

construction

Construction isn’t critical and parts are easily ob-
tained. The coil-support ceramic spacer and capacitor
were obtained from a surplus military radio. The plastic
weather cover was acquired from a local supermarket.
You'll need an electric drill, drill bits as shown in the
detail drawings, a 10-32 (M5) tap and holder, and a
tapered reamer to make the 5/8-inch (16mm) diameter
hotle for the SO-239 connector. A bench vise is handy to
bend the aluminum support bracket {fig. 2). The U-bolts
were purchased from a local radio-TV parts dealer.
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The assembled antenna is shown in fig. 1; details for
making the support bracket, vertical radiator, and
ground radials are given in figs. 2 through 4. Stainless
steel hardware should be used if available. | used only
three screw sizes to assemble the antenna: 4-40 (M3) for
mounting the S0-239 connector, 6-32 (M 3/5) for
mounting the radials, and 10-32 (M5) for the coil-
support section. The 10-32 (M5) threaded stud at the
top of the coil support was made from a 1% inch
{38mm) long screw with the head removed. A lug, lock

CoiL SUPPORT

VERTICAL RADIATOR
{SEE FIG.3)

RAIN COVER MADE FROM
PLASTIC FOOD BOwL

COIL (SEE TEXT)

GROUND LUG MOUNTED CAPACITOR

ON CONNECTOR MOUNTING
SCREW NEAREST COIL

RADIALj

(SEE FiG. 4) S0-239 CONNECTOR
u-BOLTS

—\\ HOLE PUNCHEg CCJN SlgE OF
» OF COVER FO APACITOR
2 TUNING

MAST

quantity description
1 support bracket (reference fig. 2)
radials (reference fig. 4)
vertical radiator (reference fig. 3)
plastic cover {see text)
mast U-balts (see text)
coaxial S0O-239 connector
coil support — ceramic steatite pilar, Birnbach no.
445G or equivalent size 2Y%" (63.5mm) high by 3/4"
(19mm) diameter threaded 10-32 holes both ends
1 capacitor — 7-45 pF ceramic trimmer, Erie type no.
503-000D7-45 or equivalent, Do not use mica com-
pression type

= b N = =D

Note A. Top of radiator can aiso be sealed by squeezing in vise,
using a ptastic cap of appropriate size, or filling the end with 2"
{51mm) of caulking compound.

fig. 1. Assembled 5/8-wavelength vertical antenna for two meters.

washer, and nut are installed at the top of the support
bracket and another lug on the screw nearest the coil
support holding the SO-239 connector.

After assembling the parts described above, wind a
coil of 9 turns using number 10 or 12 AWG (2.6 or
2.1mm) solid enamelled copper wire around the coil sup-
port. Space the turns to occupy the length of the sup-
port (2% inches or 63.5mm). Solder the coil ends to the

By Ed Spadoni, W1IRHN, 91 Tower Street, Dedham,
Massachusetts 02026
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fig. 2. Support bracket details. Dimension A and holes marked
with an asterisk are sized to fit available U-bolts. Material is 1/8"
(3mm) aluminum.

lugs (see fig. 1). Next, solder the capacitor to the coil.
two turns up from the ground end of the coil. Attach
the other end of the capacitor to the center connector of
the SO-239 connector. Install the capacitor so that the
adjustment screw is accessible from the side of the cover.

To install the plastic rain cover, drill a 7/32-inch
(6mm) diameter clearance hole on top for the stud to
project through the cover. Slip the cover over the stud,
and a flat metal washer and a lockwasher, then screw on

Installation of the two-meter vertical at WIRHN.

the vertical radiator until it's tight. A capacitor-adjust-
ment hole is made through the side of the plastic cover
by aligning a scriber or centerpunch opposite the capaci-
tor adjusting screw and penetrating the plastic cover. The
hole should be about % inch (6.5mm) diameter.

tuning

| used my ICOM IC-20 and a Bird vhf directional
wattmeter to adjust the antenna for lowest vswr. With

o s P “Je— see wotE (a)
f 3 -
(99cm)
{___ THREADED END PLUG
FITTED INTO TUBING
]
== # 00 DETERMINED BY
N SIZE OF TUBING USED
- el 0D ®
/ (23mm)
L 10-32THD x 374" DEEP
(19mm)

THREADED SOLID ROD
END PLUG

fig. 3. Construction details for the vertical radiator, Material is
aluminum tubing, 7/16" (11mm) or 1/2" (13mm) OD, 1/16"
(1.5mm) thick waill. Solid aluminum rod, if available, will pro-
vide sturdier construction and will avoid need for making end
plugs to seal top. The end plug fits flush with the end of tubing
and is held in place by ‘‘dimpling"’ with a center punch.

power applied to the antenna, | adjusted the capacitor
with a nonmetallic alignment tool for the lowest re-
flected power on the wattmeter, using a test frequency
of 146.52 MHz. If you don’t have a vhf swr bridge or
directional wattmeter, a field-strength meter can be used
as an indicator. When using this method, adjust the
capacitor for maximum output.

final comments

As with all vertical antennas, this 5/8-wavelength an-
tenna is omnidirectional. However, it has approximately

e 22-3/4" o
f58cm) |
/64" D1A. HOLES (4 3mm)
+ - - r
ol ¥ F
=S )
172" - -
fi2.5mm)
i=1/8" =
f29mm)
#00 DETERMINED
BY SIZE OF
— 2 TUBING USED
f38mm)}
i U
L i
lt'.?ﬁiﬂ
S50LID ROD END
PLUG

fig. 4, Radial element construction details. Install end plug flush
with tubing, then drill 11/64" (4.5mm) holes (“'dimple’ plug in
place before drilling).

3 dB gain over a Ya-wavelength groundplane and is an
excellent antenna for all-around operation. With it | can
consistently acquire repeaters 50 to 60 miles (80 to
96km) away. Under good conditions contacts 100 to
200 miles (160 to 320km) away have been made, both
through repeaters and in the simplex mode.

ham radio
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State of the Art...

Heathkit SB-104

Whether you choose the SB-104, or the HW-
104, you're getting one of the finest Amateur
transceivers you can buy at any price. And
because you build them yourself, you get a
feel for the equipment you simply can't dup-
licate with ready-made units.

100% solid-state construction including finals
...totally broadbanded circuitry for instant
QSY without pre-selector, load or tune con-
trols. .. switchable 100 watts/1 watt out...0.6
1V typical sensitivity . .. super-clean operation
thanks to reduced cross-mod and IM distor-
tion...specs that show what state-of-the-art
is all about...and styling second to none!

Reviews and articles in the major Ama-
teur magazines have consistently
praised the 104’s because of their ad-
vanced circuitry, reliability and sheer
operating pleasure! If you're serious
about Amateur radio, you owe it to
yourself to find out more about the
104’s. For complete descriptions and
specifications, order the new FREE
Heathkit catalog. Send coupon

today!
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Heathkit HW-104

The SB-104 offers true digital frequency read-
out with resolution to 100 Hz on all bands, and
complete frequency coverage from 3.5 MHz
through 29.7 MHz without accessories.

Kit SB-104, Shpg. wt. 31 Ibs. .. ... ... 669.95

The HW-104, for $130 less, brings you the
same broadbanded circuitry as the SB-104,
but it has an easy-to-read circular tuning dial,
and 3.5 to 29.0 MHz coverage (to 29.7 MHz
available with HWA-104-1 accessory). It's one
of the best price/performance combinations
available in Amateur Radio today.

Kit HW-104, Shpg. wt. 31 Ibs. .. ... .. 539.95
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Station of the Art...

The SB-104 with sophisticated station
accessories. Unquestionably, some of the

finest Amateur gear you can own.

Clockwise from top:

SB-104 Transceiver:

S$B-230 Conduction-Cooled Linear: 1200 PEP SSB:
1000 watts CW from less than 100 watts drive, Also 400
watts for SSTV and RTTY.

Kit SB-230, Shpg. wt. 40 bs. ............... 339.95
SB-614 Station Monitor: CRT indicates signal quality.
Also RF envelope and Trapezoid displays. For SSB, CW
and AM to 1 kW; BO-6 meters.

Kit SB-614, Shpg. wt. 17 Ibs. . .......ovuuunn 139.95

SB-634 Station Console: 24-hour clock, 10-minute 1D
timer, RF watimeter, SWR bridge, phone patch.

Kit SB-634, Shpg. wt. 14 Ibs. ............... 179.95

SB-644 Remote VFO: For split transmit/receive on SB-
104. Not for HW-104.
Kit SB-644, Shpg. wt. 10 lbs. ............... 119.95

Fixed Station Power Supply. Fils inside accessory
speakers of SB-104 and HW-104. 120/240 VAC, 60/50
Hz

Kit HP-1144, Shpg. wt. 28 lbs. ............... 89.95
Station Speakers: 5x7", 3.2 ohm speakers response-
tailored to SSB. With cable, connectors and cabinet

Kit SB-604, For SB-104 Shpg. wt. 8 lbs. ....... 29.95

Kit HS-1661, For HW-104 Shpg. wt. 5 1bs. .. ....19.95
Useful options for both the SB-104 and HW-104.

SBA-104-1, Noise Blanker, Shpg. wt. 1 |b. ......26.95

SBA-104-2, Mobile Mount. Shpg. wt. 6 Ibs. . ....36.95
SBA-104-3, 400 Hz CW Crystal Filter,
Shpg: Wt T IDicsmannavamsemmmsme as s 39.95

HEATH Benton Harbor,

‘ Michigan 49022
Schiumberger [EESETPRE

I I :E E . Please send me my FREE Heathkit Catalog.

New Heathkit Catalog - )

Over 400 Easy-to-Build kits including

Amateur and SWL gear, test instruments, Addrass. — =
automotive and marine electronics, digi- — o
tal clock and weather monitors, stereo A = === ]

Zip

hi-fi, color TV. Send for yours today!

More Details? CHECK—OFF Page 102 march 1976 [ 53



MICROPROCESSORS

8080 microcomputer
output instructions

In the microprocessor column last month we discussed
different types of simple input/output (1/O) devices and
provided a listing of general principles of interfacing that
apply to a wide variety of computers. This month, we
would like to explain how software or computer instruc-
tions cause an 1/O device to operate.

controlling power with a microcomputer

The 1/0 device that we shall choose for our discussion
is the optically isolated solid-state ac relay. These relays
can control any ac power device within the output cur-
rent ratings of the relay. Shown in fig. 1 are typical
solid-state relays which are available at prices ranging
from $5 to $20 in small quantities. These relays permit a
single TTL output signal of logic O or logic 1 to control
up to 10 amperes of 220 Vac power {the Hamlin model
7522 relay shown at the top center of the photograph).
Internally each relay contains a light-emitting diode, a
light-sensitive transistor, a power triac, and a transparent
dielectric optical path that isolates the digital and power
circuitry and can withstand a voltage difference of at
least 1000 volts.

A typical microcomputer /O circuit that employs the
solid-state relay is shown in fig. 2. Recall from the pre-
ceding column that the microcomputer sends synchroni-
zation pluses, called device select pulses, to the 1/0
device. In fig. 2 these are the pulses from the SN74154
decoder circuit. For an 8080 microcomputer each pulse
from the decoder has a time duration of only 500 ns. It
should be clear that a single 500 ns pulse cannot sustain
the continuous operation of an ac power device. What is
required is a simple interface between the microcom-
puter and the solid-state relay that will permit the ac
power device to operate continuously, if it is so desired.
A suitable interface is a single SN7474 positive-edge trig-
gered flip-flop and a single buffer from a SN7407 hex
buffer/driver chip. The buffer is needed since it is not
good engineering practice to drive a solid-state ac relay
directly from the output of a flip-flop.
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With the aid of a suitable program, the microcom-
puter and SN74154 decoder can generate individual
device select pulses that either clear or set the SN7474
flip-flop. To clear the flip-flop, and thus turn on the ac
power device, only a singfe 500 ns pulse is needed. The
flip-flop output, Q, will remain at logic 0 until a single
500 ns pulse is applied to the preset input, at which time
the ac device will turn off.

It should be noted that any simple open collector
gate or inverter can be used as the buffer between the
output of the flip-flop and the input of the solid-state
relay. Suitable choices would be the SN7401 or SN7403
2-input NAND gates, a SN7405 inverter, or a SN7409
2-input AND gate.

the output instruction

We shall discuss the subject of microcomputer in-
structions in considerable detail in subsequent columns.
To summarize such discussions, there are 78 different
instructions for the 8080 microprocessor chip, and a
total of 256 variations of these instructions. Each
instruction contains a single 8-bit /nstruction code,
which indicates which type of operation or group of
operations the microcomputer will execute. Some in-
structions contain two or three 8-bit bytes that are pre-
sent in successive memory locations. A byte is defined as
a group of eight contiguous bits occupying a single mem-
ory location.! Thus, 8080 microprocessor instructions
are either 8, 16, or 24 bits long, with the first eight bits
always being the instruction code.

The out instruction is a 16-bit instruction that con-
sists of two successive 8-bit bytes located in successive
memory locations. The first byte, in binary code, is al-
ways 11010011,. The second byte can be any 8-bit
binary number from 00000000, to 11111111, (the sub-
script 2 denotes a binary code); this is the device code of

By Peter R. Rony, David G. Larsen, WB4HY J,
and Jonathan Titus

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. Jonathan
Titus is President of Tychon Inc., Blacksburg, Virginia.



fig. 1. Typical optically isolated solid-state relays, including,
from top left to top right, Hamlin 701-11-5 (1.5A, 120 Vac),
Hamlin model 7522 (10 A, 220 Vac), Teledyne 657-4 (3 A, 120
Vac), and Clare 203A05AIA (750 mA, 120 Vac). The printed-
circuit board shown at the bottom contains four Electronic
Instruments and Specialty Corp. relays (3 A, 120 Vac) and all
necessary external device addressing circuitry.

the specific output device that will receive eight bits of
data from the accumulator. The instruction can be sum-
marized as follows:

11010011, Generate a device-select pulse, with
the aid of an 8-line-to-256-line decoder
circuit, to allow an 8-bit data byte pre-
sent in the accumulator to be sent to
the desired output device. The con-
tents of the accumulator remain un-

changed.

simple program

The simplest program that incorporates the out in-
struction is probably the one given below:

Material presented here is reprinted with permission from
American Laboratory, November, 1975, copyright ©
International Scientific Communications, Inc., Fairfield,
Connecticut, 1975.

memory instruction

address byte description
0 11010011 Send device-select pulse to device given
by foliowing 8-bil device code
1 00000000 Device code for clear input to SN7474
flip-flop
2 01110110 Halt the microcomputer

An 8080 microcomputer operating at a clock rate of 2
MHz will execute this program in 8.5 us. The ac power
device will remain on once the program has been exe-
cuted. To turn off the device, a slightly different pro-
gram is required:

memory instruction

address byte description
0 11010011 Send device-select pulse to device given
by following 8-bit device code
1 00000001 Device code for preset input to SN7474
flip-fiop
2 01110110 Halt the microcomputer

The ac power device will turn off after the second in-
struction byte in the program and remain off after the
microcomputer halts. A more practical program requires
additional instructions. Several such programs can be
found in reference 1. Many of them have the following
basic form:

memory instruction
address byte description

23 11010011 Turn solid state relay on, e, send
device-select pulse to the device given by
the following 8-bit device code

24 00000000 Device code for clear input to SN7474
flip-flop. When the flip-flop Is cleared ,
the solid-state relay turns on

This section of the program may have various
decision points that determine whether or not the
solid-state relay is turned off. Typical decisions
include

e Has sufficient time elapsed?

o Has the antenna reached its correct azimuth?

e |s the temperature of the final amplifier too
high?

e |s the vswr too high?

107 11010011 Turn solid state relay off, ie., send
device-select pulse to the device given by
the following B-bit device code

110 00000001  Device code for preset input to SN7474
flip-flop. When the flip-flop is set, the
solid-state relay turns off.
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GREAT PUNCH LINE

Any ALPHA Linear Will Give Your Signal
Maximum Legal Power “Punch” . ..

The Ultimate — ALPHA 77D

Ultra-conservative, super-rugged design
1.8 through 30 MHz

8877 Eimac Triode

Full QSK break-in

Vacuum tuning and T/R

Whisper quiet

Full year warranty

Keep in mind that a memory address contains sixteen
bits. When we write “‘memory address 0" we really mean
the memory address corresponding to the following
16-bit binary word: 00000000 00000000. Note that we
have split the sixteen bits into two parts, the most signi-
ficant eight bits and the least significant eight bits. These
are called the HI (or H) and LO (or L) memory
addresses, respectively.

With the aid of the above program, the solid-state
relay shown in fig. 2 will turn on and off according to
various decisions made by the program. A typical micro-
computer-controlled system could easily have several

such relays.
-
- T VAC
O T407
= HEATER

So Just Choose The Model Best Suited . . .

B — —=

N &"" E:'
Ve

No-Tune-Up — ALPHA 374

Bandpass or manual tuning 10-80 meters
Maximum legal power continuous duty all modes
Three Eimac B874's

Proven dependability

Full year warranty

Immediate delivery

To YOUR Operating Interests And Budget!

.

Practically Perfect — ALPHA 76
2+ Kilowatts SSB PEP
Full KW CW/FSK/SSTV
10-80M (160M only $49.50)
Eimac ceramic triodes
Fully self-contained
Full year warranty
A Robust “Cool KW At A Practical $895, Factory Direct

EHRHORN TECHNOLOGICAL
ETn OPERATIONS, INC.
BROOKSVILLE, FLORIDA 33512
(904) 596-3711
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fig. 2. A typical 1/O circuit for a power ac device such as a fan,
heater, motor, or antenna control.

In a more orderly and systematic treatment of the
8080 microprocessor, you would probably introduce the
8080 instruction set prior to the discussion of any
particular instruction, such as the owt instruction
described this month. Since we do not believe that you
are willing to wait four months until we get to the out
instruction, we have decided to treat it first. Next month
we will provide a simple microcomputer program that
generates device-select pulses to turn a device such as an
antenna rotator or a fan on or off.

The authors will present a two-day seminar on micro-
computers at the Virginia Polytechnic Institute and
State University Extension Center in Reston, Virginia
sponsored by Virginia Polytechnic Institute and State
University Extension Division on March 12-13, 1976, and
a five-day short course on digital electronics (with some
discussion of microcomputer interfacing) sponsored by
the American Chemical Society and Virginia Polytechnic
Institute and State University, in Blacksburg, Virginia, on
March 21-26, 1976. Two one-day seminars on micro-
computers (sponsored by ham radio magazine) will be
given at the Dayton Hamvention, Dayton, Ohio, on April
23-24, 1976."

*The fee for the one-day seminar is $50 and includes $35 worth
of books. Since the seminars are limited to 100 persons, early
registration is recommended. For details write to ham radio,
Greenville, New Hampshire 03048.
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New Hardware
for Learning
Digital Electronics

Now there's a new hardware system for
teaching yourself digital electronics. It's de-
signed to complement our top selling Bug-
books | & |Il. Bugbooks cover everything
from simple gates to shift registers. And now
we're offering all of the hardware you’ll
need to complete the experiments.

You’'ll get all required ““outboards” in kit
form, including the power, logic, switch,

seven segment readout, clock, LED lamp
monitor, and dual pulser outboards. A
jumper package and starting IC package.
And the E&L SK-50 solderless breadboard-
ing socket. All for only $67.50. If you need
Bugbooks | & |Il, they’re an additional
$16.95 for the set. All postage and shipping
is prepaid anywhere in the continental U.S.
Send your check or money order today.

r--------------------_----1

1 CIRCUIT DESIGN, INC. PO Box24 1
B Division of E&L Instruments Shelton. Conn 06484 |
I __ Please send me your new hardware package for i
1 learning digital electronics. My $67.50 is enclosed. 1
: ___ Please send me Bugbooks I & II. $16.95 is enclosed |
for them. 1
1 |
I Name _ |
I Address _ 1
- City State Zip :
i Please enclose check or money order. Shipments will be prepaid.
L - O I B I B O B S O O O S B S S S G S B B B . J

More Details? CHECK—OFF Page 102
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ine WEECkender

high-performance
bench power supply
at low-performance cost

In today’s solid-state world, the variable low-voitage
bench power supply is an absolute necessity for the seri-
ous experimenter. In fact, an axiom might well be that
no matter how many bench supplies you have, you are
always one short. And except for those amateurs who
are fortunate enough to have acquired commercial
power supplies, most of us are probably still using units
which were built years ago and which go down to per-
haps 4 or 5 volts because a reference supply would have
been needed to enable the main supply to go to zero.

The relatively new RCA CA3130 operational ampli-
fier makes possible a highly regulated power supply
whose output will approach zero without a separate
internal reference source. As shown in fig. 1, this op amp
comprises both mos and bipolar transistors on a mono-
lithic chip. It features a gate-protected input stage which
has an input impedance of 1.5 million megohms and
which is rated for typical input bias currents of 5 pico-
amperes!, It also operates from a single power supply.
Best of all, the single-unit price is less than $2.00.

A power supply utilizing the CA3130 in a regulator
circuit described in reference 1 has been constructed, It
provides a regulated output of O to 40 volts at better
than one ampere, and incorporates fold-back short-
circuit protection. Load regulation is 0.1 percent, and
line regulation is 0.02 percent for a 10-percent line-
voitage change. Total noise and ripple output is less than
200 microvolts rms.

The CA3130, four discrete transistors, an inexpensive
transistor array IC, and a bridge rectifier constitute the
entire semiconductor complement, at a total cost of
under $11.00. Furthermore, all of the devices are avail-
able from your friendly RCA Solid State distributor, if
you specify the equivalent RCA type 44002 diodes in
lieu of the 1TN4002s indicated in fig. 2.

*A complete parts kit for this power supply is being made avail-
able in conjunction with this article. Far ordering information
and prices, write to Dentron Radio Co., Inc., 2100 Enterprise
Parkway, Twinsburg, Ohio 44087, or telephone (216) 425-3173.

By Robert S. Stein, W6NBI, 1849 Middleton
Avenue, Los Altos, California 94022
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circuit description

The complete circuit of the power supply is shown in
fig. 2. In this unit, T1 is a surplus transformer having a
36-volt, 2-ampere secondary. However, you can use any
transformer you wish, up to 40 volts, by selecting the
values of two resistors (more about this later).

The operating and reference voltages for U2, the
CA3130, are established by U1, a CA3086 transistor
array, which is shown in block form to simplify the
schematic. A stable, low-impedance, temperature-
compensated source of reference voltage is provided at
pin 14 of U1. Voltage adjust control R7 determines the
output voltage by setting the amplitude of the reference
voltage which is applied to the inverting input (pin 2) of
U2. In turn, the output of U2 supplies the base of driver
transistor Q3, which controls the base current of the
Darlington pair (Q1 and Q2), and hence the series pass
resistance.

Let’s assume that the output from the power supply
starts to increase, either because of an increase in ac line
voltage or a decrease in dc Joad current. A proportional
increase appears at the junction of resistors R13 and
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fig. 1. Schematic diagram of the RCA CA3130 op amp.




R15, and is applied to the non-inverting input (pin 3) of
U2 through R14. The resultant increase in output cur-
rent from U2 causes an increase in the collector current
of Q3, reducing the drive to the base of Q2 and increas-
ing the collector-to-emitter resistance of Q1. Thus the
output voltage is reduced by the closed loop until it is
reestablished at the value set by R7. The entire correc-
tion takes place almost instantaneously, abetted by the
high gain of the op amp (approximately 110 dB) and of
the loop. Conversely, if the output voltage starts to
decrease, an equivalent but opposite reaction maintains
the output constant.

Short-circuit protection is provided by Q4. The base-
to-emitter voltage of Q4 is the voltage which appears
across the base-emitter junction of Q1 plus the voltage
drop, caused by the load current, across parallel resistors
R8 and R9. When this voltage exceeds a predetermined
value established by potentiometer R11, Q4 conducts
and diverts current from the base of Q1, thereby limiting
the short-circuit current to a safe value (approximately
500 milliamperes) and saving the series-pass transistor.

To quickly reduce the output voltage to zero when
primary power is switched off, a double-pole double-
throw switch is used. One pole of S1 is the conventional
primary ac switch; the other pole discharges the filter
capacitors through R16 when the switch is in its off
position. A 50-volt meter is incorporated to monitor the
output voltage.

Returning to the function of U1, let's examine the
configuration of its transistors. Fig. 3A shows the actual
circuit arrangement, while fig. 3B shows the functional
circuit. Transistors Qn and Qg are each connected to
form a zener diode, and are connected in series to pro-
vide a regulated 14-volt supply for U2.

Transistor Qg is configured as a constant-current

fig. 2. Schematic diagram of the regulated power supply. Parts shown within the shaded area are

+idyv TO
uz, PN T

REF VOLTAGE
Touz2, PIN 2

COMMON

v TO
U2, PINT

~——— REF VOLTAGE
R7T TO U2, PIN 2

— e - - b COMMON

fig. 3. Circuit A is the actual dc circuit arrang t of tr ist
array U1, as used in fig. 2. Circuit B is the equivalent functional
circuit. The numbered terminals correspond to the pin-outs on
the CA3086 package.

Qr
ZN3055

o+

S Ri6
547
w

o

[0-sovoc

ted on the

printed-circuit board. Those marked with an asterisk are discussed in the text,
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generator whose base bias is dropped from the collector
potential by Qc and Q. The latter is connected as an-
other zener diode, while Q¢ provides temperature com-
pensation by virtue of its arrangement as a forward-biased
silicon diode. This entire circuit, operating from the regu-
lated 14-volt line, establishes a stable reference-voltage
source of approximately 8.3 volts at the collector of Q.

fig. 4. Voltage and current metering circuit using a single
milliammeter. The values of R, Rppn, and Ry, depend on the
meter, and their determination is covered in the text. The switch
must be a non-shorting type, Q1, R8, and R9 are the same as in
fig. 2. Parts within the shaded area are mounted on the
printed-circuit board.

A portion of this voltage is applied, via R6 and R7, to the
inverting input of U2 and serves as the reference for the
regulator circuit.

transformer

Since it is unlikely that anyone else would have a
transformer identical to the one | used in my supply, a
brief discussion of the transformer is warranted. Ob-
viously, the first requirement is that the secondary be
rated for at least the maximum amount of current you
expect to draw; one ampere is recommended.

The secondary voltage can by anything between 15
and 40 volts. The choice depends on the maximum dc
output that you want, which will be about 5 volts less
than the unregulated dc developed across filter capacitor
C1. A good transformer will supply unregulated dc equal

to 1.4 times the secondary rms voltage at no load, and
about 1.3 times the secondary rms voltage at full load.

Using these figures as the starting point, calculate a
value for resistor R1 which will drop the estimated no-
load dc voltage to 14 volts at a current of 10 milli-
amperes. R15 will probably also require a change from
the value shown in fig. 2, but this can best be done after
the power supply is built and working.

voltage and current metering

Although only the voltmeter shown in fig. 2 is really
necessary, it is often convenient to be able to measure
the load current without having to hook up an external
meter. Fig. 4 shows a simple circuit using a milliammeter
and a three-position switch to allow measurement of
output voltage and measurement of load current in two
ranges. In order to keep the total current from passing
through the switch contacts, the voltage drop across the
overload-sensing resistors (R8 and R9) is measured, with
the meter indicating the equivalent current through the
resistors. The values or Ry, Rya, and Ry depend on
the ranges desired, the full-scale meter current, and the
meter resistance; the method of calculating these values
is covered in the appendix.

construction

The housing and construction of the power supply is
a matter of personal preference, Naturally, for bench
use, switch S1, pilot light DS1, meter M1, voltage con-
trol R7, the output terminals, and meter switch S2 (if
used) should be on the front panel. Current adjust
potentiometer R11 can be a screwdriver-adjust or pc-
board type, since it is set once and then forgotten,

Transistors Q1 and Q2 must be mounted on a husky
heatsink — the larger the better. Remember that Q1
passes the full load current, and dissipates power equal
to this current times the voltage drop between collector
and emitter. This can exceed 40 watts at low output
voltages, which is a lot of heat to dissipate, Be sure to
use insulators between the heatsink and the transistors,

W6NBI REG. POWER SUPPLY

fig. 5. Foil pattern of the printed circuit board.
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and to apply a thin film of silicone heat-transfer com-
pound to each side of the insulator.

Most of the other parts are mounted on the printed-
circuit board shown in figs. 5 and 6, or can be hard-
wired on a piece of perf board. The pc board has been
designed to accept standard available parts. R11 is a
thumbwheel-type control, such as a Mallory MTC23L1
or CTS X-201-R202B. The 2.5k Radio Shack 271-228
may also be used.

O+ POSITIVE OUTPUT

maximum output voltage cannot be reached, R15 must
be decreased. In either case, small changes in R15 will
permit full rotation of the voltage adjustment control
over the desired voltage range.

Reduce the output voltage to zero and connect a load
resistance to the power supply (in series with an external
ammeter if you have incorporated only the voltmeter)
which will draw approximately one ampere at any out-
put voltage over 5 volts. Monitor the load current and

—

o NEGATIVE
ouTPUT

fig. 6. Component layout of the printed-circuit board. Ry, Rpa, and Ry are part of the optional metering circuit shown in fig. 4, and
may be omitted if that circuit is not used. Note that provisions have been included for incorporating two parallel resistors for both R and

Rpa, as discussed in the text. J signifies a wire jumper.

If you use the perf board, remember one thing: be
certain to connect the negative terminal of filter capaci-
tor C1 directly to the negative side of the rectifier
bridge. None of the other negative returns is critical, but
must not be between the capacitor and the rectifier.
Failure to wire this or any other high-current power
supply in the prescribed manner will result in excess
ripple in the output.

adjustment and test

After all wiring has been checked, set voltage adjust-
ment control R7 to minimum and current adjustment
potentiometer R11 to mid-range. Apply ac power and
monitor the output voltage while rotating the voltage
adjustment control to maximum. The output voltage
should increase smoothly. If it reaches a maximum
before the control is fully rotated, the value of R15
must be increased. On the other hand, if the desired

gradually increase the output to one ampere. If you can-
not obtain enough current, readjust pot R11 slightly.
Check the output voltage as the load resistance is dis-
connected and reconnected; there should be no discern-
able voltage change.

Once more reduce the output voltage to zero and set
R11 for minimum resistance between the base of Q1 and
the base of Q4. Disconnect the load resistance and short-
circuit the output terminals if you have built the am-
meter circuit into the power supply. Otherwise connect
an external ammeter (1 amp or more) directly across the
output terminals. Slowly increase the setting of the
voltage adjustment control, and adjust R11 for a short-
circuit current between 450 and 500 milliamperes.

Finally, check the value of R1 by measuring the volt-
age across it under no-load conditions, and calculate the
current flowing through it. The calculated current
should be approximately 10 milliamperes. If it is over 11
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TIRED?

Of Not Knowing Who You're
Picking Up On Your Scanner?

ANGRY?

When You Don’t Understand
The Lingo?

FRUSTRATED?

Because You Keep Buying
The Wrong Crystals

SMILE!

CTIO

FREQUENCIES

IS HERE!

Yes, the all-new, all up-to-date directory of cmergency
frequencies, ACTION FREQUENCIES, is available now to
get you out of those monitoring blues, and back enjoying
hours of real life excitement.

WHAT’S DIFFERENT ABOUT OUR BOOK?
ACTION FREQUENCIES -

® Contains the most accurate, up-to-date data on Police,
Fire, Special Emergency and Local Government radio
licensces available on the market,

® Has simple, casy-to-read instructions which will make
you an expert in minutes.

o Includes a list of the lingo and the codes most widely
used by cmergency radio licensees and Clers- with their
definitions.

SO, GET INTO THE ACTION.
Available at your dealer or write to: Action Radio, 817
Silver Spring Ave., Silver Spring, Md. 20910. PRICE: $5.45
cach plus $1.00 cach for postage and handling. (Maryland
residents add $.25 cach to cover sales tax). Please refer to
section number when ordering,.
Section

1. Maine, N. Hamp., Conn., Vt.,, Mass., R.I., N.J.

2. N.Y., Penn.

3. Del, Md., D.C., W. Va., Ohio

4. Va.,, N.C,, Ky, Tenn.

5. S.C., Ga., Ala., Fla.

6. La., Miss., Ark., Mo., Okla., Kan.

7. Mich,, I, Ind.

8. Wisc., la., Minn., N. Dak., S. Dak., Neb.

9. Tex., N. Mcx., Ariz,

10. Wash., Ore., Idaho, Utah, Mont., Colo., Nev., Wy,

11. Calif,
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or less than 9 milliamperes, change R1 to obtain a value
of current closer to 10 milliamperes.

That completes the project. 1f you want to check the
regulation, you will need a digital or differential volt-
meter, since a 0.1-percent change is measured in miili-
volts. Noise and ripple output can be checked with
either a high-sensitivity scope or with a good ac elec-
tronic voltmeter, such as a Hewlett-Packard 400D,
capable of reading 1 millivolt full scale. |f you have test
equipment of this type, have at it. Otherwise, forget
about it and make a new addition to your bench — you
can always use one more power supply.

appendix

Calculation of resistance values for Ry, Ry a. and Ry in fig. 4 must
be based on the following known factors: the exact parallel resistance
of R8 and R9, the internal resistance {R,,) of the meter, and the
fuli-scale meter current {l,,). The meter characteristics generally are
known or can be measured. However, the paratlel resistance of R8 and
R9 must be accurately known or measured on a bridge (not calculated
from the nominal resistance values), or an external ammeter must be
used for calibration.

The value of R, can be calculated from the equation

R _ _1_5[8 B (ImRm)
1= T
m

where L is the desired full-scale voltage.
The value of Ry (or Rpma) is determined by the equation

_ (IiRso) = (IR

A I

where I; is the load current corresponding to full-scale meter current
and Ry ¢ is the parallel resistance of R8 and R9.

As an example, assume that the meter ranges in fig. 4 are to be
obtained with a 1-mA meter having an internal resistance of 100 ochms.

Using the preceding equations,

R = 30- .0010>5)1100)= 49,900 ohms

(S X.41) - (001 X 100) _
- .001 -

(.5X .41) - (.001 X 100)
Rajq = 001 o

R 1950 ohms

=105 ohms.

The meter will be sufficiently accurate if one-percent resistors are
used to obtain these values. However, if the actual resistance of R8 and
R9 in parallel was not known, and the nominal value was used to
calcutate the values of Ry and Ry a, the current ranges may be off by
5 to 10 percent, depending on the actual resistances of R8 and R9. This
can be improved if a more accurate ammeter is available. instead of
using the calculated values of Ry and Ry 4, use one-percent resistors
which are approximately ten percent higher than the calculated values.
Then connect the external ammeter in series with a load and compare
the currents read on the external and internal meters. You can expect
the internal meter to read low. Increase its reading by connecting a
composition resistor in parallel with Ra (or Ry a). Start with one that
has about ten times the resistance of the one-percent resistor, and keep
trying different values until the two meters agree.

You can select any meter ranges that you feel are convenient, and
then change the meter scale accordingly. | have found that the markings
on most scales can be erased with a pink {not white grit) pencil-type
typewriter eraser. New numbers can then be applied, using rub-on
transfers.

reference
1. Data Sheet for CA3130 Series COS/MOS Operational Ampli-
fiers, File Number 817, RCA Solid State Division, Somerville,
New Jersey 08876, August, 1974.
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Swam 700cx

0 0 o]

It's the way to grow.

Evervbody wants the ultimate ham
station, but the only way most of us
are going to gel it is to start now and
grow into it.

And the best way to start is with
our 700CX.

Then you'll have an excellent
transceiver with 700 solid watts P.E.P.
input of SSB power at the lowest cosl
per watt—about a buck—of any com-
parable equipment.

And when you're ready to add
capability and features, plug in or
hook up Swan accessory equipment
for easy expandability.

For instance, just plug in our 510-X
crystal oscillator when you wanl
extra frequency coverage. If your
kind of traffic calls for separate trans-
mil and receive frequencies, our 508
VFO is made for your station. Want
VOX? Plug in the Swan VX-2 and
start talking. Or hook up our FP-1

telephone patch in minutes.

And when vou're ready for that big
jump to all-the-law-allows, our 2000-
waltt P.E.P. input Mark Il linear amp
is waiting in the wings.

Add our complete selection of
power supplies, microphones and
other options and you've got every-
thing vou need for a full-house rig in
matching specs and matching decor.

So vour ham station will look and
perform like it belongs together.

With the 700CX you’'ll never be
troubled by things like cross-
modulation and front-end overload
because the design is excellent. All
bands from 10 to 80 melers with se-
lectable upper or lower sideband,
AM, or CW with sidetone.

Get started on your dream rig to-
day. See the 700CX at your nearest
Swan dealer or order direct from our
factory.

700CX Champion Transceiver$649.95
117-XC 110V AC Power
Supply. . . $159.95
(includes Speaker and Cabinet)
117-X 110V AC Power

Supply. . ; : .$114.95
(less Spe n#u T ru::l C nhun U
510-X Crystal Oscillator . ... $ 67.95
508 External VFO . $269.95
VX-2 Plug-In VOX . .. . $ 4495
FP-1 Telephone Patch .$ 6495
Mark II Linear Amplifier. . . . $849.95

(complete with 110/220 VAC
power supply and tubes)

Dealers throughout the world
or order direct from

@ Swan,

ELECTRONICS

e Coepiirat

Home Office 305 Airport Road - Oceanside, CA 92054
Telephone: (714) 757-7525



The 280 series.

No-nonsense, no-corrosion 10-80 meter
mobile antennas from Hy-Gain.

Now from Hy-Gain, a new concept in
tip-changing Ham antennas. The 280 series
is designed with no-nonsense, one piece

fiberglass, then baked to make them impervious
to weather. Tough ABS end caps and solid brass
coil fittings keep performance in, corrosion out.

fiberglass masts and tough, one piece baked
fiberglass coils. You get maximum power
handling capability, minimum heat drift,
and no loss to corrosion. Yet, it's lighter than
aluminum and just as strong.

All five coils are mandrel wound for abso
lutely consistent performance, imbedded in

60" bumper mount mast Model 276

36" cowl or deck mount mast Model 277
10 meter coil/antenna Model 280

15 meter coil/antenna Model 281

20 meter coil/antenna Model 282

40 meter coil/antenna Model 283

75/80 meter coil/antenna Model 284

Whips are 17-7 ph stainless, the finest
antenna steel, and are literally indestructible in
normal use.

Nominal 52 ohm impedance on all bands.
Any coax length will work. Heavy duty, chrome
plated mast and whip fittings. 3/8" x 24 base
stud fits all standard mounts.

Quick disconnect unit Model 531
Fold over adaptor Model 409
Standard stainless spring Model 492
Heavy duty bumper mount Model 415
Flush body mount Model 499

Extra heavy duty stainless spring
Model 511

®

Hy-Gain Electronics Corporation; 8601 Northeast Highway Six; Lincoln. NE 68505, 402/464-9151. Telex 48-6424
Manufacturers and distributors of more than 300 fine broadcast communications products
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With Hy-Gain's
273 2-meter
J-pole all you
pay foris
performance.

The 273 is a high performance, all driven, stacked dipole array,
vertically polarized. It has everything you need for maximum
efficiency 2-meter broadcast or repeater use. Everything

but a mast.

Because many 2-meter arrays are mounted on existing
structures, we've left out the mast and passed the savings
on to you.

The 273 mounts easily on 1%" to 2" conductive/non-
conductive masts or tower legs for directional or omnidirectional
use. Unique center fed phasing and matching harness for
perfectly parallel phase relationship and low angle of radiation.
Moisture, condensation and corrosion protected.

The entire antenna is at DC ground for static elimination
and lightning protection. Perfect 52 ohm coaxial feedpoint.
Heavy duty worm gear mounting clamps and high impact styron
insulators included.

Power 1 KW P.E.P., 250 watts AM
VSWR at resonance 1.2:1

Impedance 50 ohms

Produces gain over 1/2 wave dipole

ain
-

Hy-Gain Electronics Corporation 8601 Northeast Highway Six;
Lincoln, NE 68505; 402/464-9151; Telex 48-6424

Branch Office and Warehouse 6100 Sepulveda Blvd., #322;
Van Nuys, CA 91401; 213/785-4532; Telex 65-1359
Distributed in Canada by Lectron Radio Sales, Ltd.;

211 Hunter Street West; Peterborough, Ontario
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CRYSTAL FILTERS

and

DISCRIMINATORS

9.0 MHz CRYSTALS (Hc25/u) 9.0 MHz DISCRIMINATORS

SSB TX $31.95 XF900 9000.0 kHz Carrier a %XD9-01 + 5 kHz RTTY $24.10
SSB RX $45.45 XF901 8998.5 kHz USB $3.80 XD9-02 10 kHz NBFM $24.10
AM " XF902 9001.5 kHz LSB ‘3 80 XD9-03 +12 kHz NBFM $24.10
XF903 8999.0 kHz BFO

F-05 He25/u Socket 50 Export Inquirics Invited
Shipping 50¢ per filter

VHF VARACTER TRIPLERS UHF

MMv432 MMv432M  MMv432H MMv1296 MMv1296H

AM
NBFM
C

High Power (H) models to order
Also available as matched pair

Frequency Range g :
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. i 50 W. ; 20 W. 35 W. 1" x 214" x 414" plus connectors

Output Power Heat sink fitted on M & H model

at maximum input Also heat sink on M & H models
Typical 20 W. 30 W. 40 W. 14 W. 23 W. Heat sink on 432M and 432H
Minimum 18 W. 5 W. 35 w. 12 W 20 W. Write for detailed specifications

146 <> 440 FM TRANSVERTER

Use your 2 meter FM Transceiver on the 440 MHz band with FMt440 Specifications: :
the addition of the FMt440 TRANSVERTER. No changes |'2nsmit Section Eosr  ZReatt ma
required to your 2 meter Transceiver. Connect Receive Section Sensitivity 0.5 pvolt
FMt440 in place of regular 2 meter antenna Gensral g:rdwidm gEMdFB!znorn
. Connect 2 M and 440 antennas (also 12 v) to Freq. Range 430-450 MHz
FMt440. Change bands automatically with switch o0 ¢170 .05 145-150 MHz

on FMt440. Repeater Groups write for details. Application note available.

SPECTRUM INTERNATIONAL, INC. P. 0. BOX 1084 CONCORD, MASS. 01742

Semiconductor Supermarket

ALL DEVICES AND COMPONENTS ARE FACTORY FIRSTS

K-ENTERPRISES

— NO SECONDS OR FALLOUTS
VHF PRESCALER DEVICES AND KITS s s G
95H90 2N5179
300 MHz 10 prescaler $9.95 Wideband preamp trans. $%$.80 @ 5 5 E D D Lf
9582 250 MHz SCALER KIT includes 1
Preamp/gate $3.25 95H90, 2N5179 Circuit Board, bl
95H91 small parts and instructions. 'E) NP IEEQUERCY (OumTEE OO u
Prescaler $9.95 Requires 5V power source —
11C06 not included ONLY $18.95
500 MHz scaler $12.95 500 MHz Prescaler $31.95
FETs MODEL 4X6C
MPF102 MFE3007 50 HZ—250 MHZ
JFET $.60 Dual-gate $1.98
MPF105/2N5459 40673 $1.25
JFET $.96 3N0140| X $1.95
MPF107/2N5486 ual-gate :
\ 1.26 3N141
MPFI21 ”:’”j“ * Duatgate $1.86 300 and 500 MHZ PRESCALERS
Low-cost at
VHFRF S 5140 FREQUENCY STANDARDS
TOROID CORES MARKER and PEAKING GENERATORS
PRICE — $1.00 PACKS
Quantity Core Color Frequency PowEn SUPPLIES AMPI-'FIEHS
3 W
3 T50.6 veliow To 75 Mz WRITE FOR FREE CATALOG
3 150-10 Black To 200 MHz e
3 T44-10 Black To 200 MHz
T200-2 ONLY $2.00 ea. i Phone: master rrIarge
BANKAMERICARD | 495.273.9024 THE INTERBANK CARD
BARGIN SQUARE | SEND ron
7400 .15 ea. 10 for $1.25 | FREE CATALOG : ____ -
7490 .55 ea. 10 for 5.00 .
TATS .55 ea. 10 for 5.00 Please add 40 for shlpping s K'ENTERPRISES
7473 3aexi0for 300 | CIRCUIT SPECIALISTS CO
7474 36 ea. 10 for 3.00 . 1401 N. Tucker Shawnee, Okla. 74801
14-PIN Skts .20 ea. 10 for 1.50 Box 3047, Scottsdale, AZ 85257
16-PIN Skts .30 ea. 10 for 3.00
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Letus sendyoua

Mark Senlsm

[ g
r er I Our Priority Crystal Processing, using a
. Mark Sensing order system, will expedite your

orders for International Crystals and EX Kits.

It makes ordering simple, faster and error free

as possible. Send us your name, street address,

city, state, zip. We will mail you a kit containing

a pre-punched “"customer address” card along

with M/S order cards.

WRITE TO:

ICM M/S Dept. PO. Box 32497
Oklahoma City, Okla. 73132

International Crystals are available
from 70 KHz to 160 MHz in a wide
variety of holders.

IEm|

INTERNATIONAL CRYSTAL MFG. CO., INC.
10 North Lee / Oklahoma City, Okla. 73102

1N MS
| ORDER CARD

International Crystal Manufacturing Company,

M/5 Dept PO Box 32497 Oklahoma City Ok 731




another look at the
fm channel scanner
for the Heath HW202

The scanner adaptation article by
Ken Stone, W7BZ, in the February,
1975, issue of ham radio was a good
one. (The original article, by K2ZLG,
appeared in the February, 1973, issue.)
I'd like to add some words on my ex-
perience with this circuit.

fig. 1. Circuit-board layout for the
f-m scanner,

| wanted to have the scanner and the
tone-burst encoder mounted /nside the
HW202 without the inconvenience and
add-on appearance of outboard hard-
ware. So | made the circuit board shown
in fig. 1 for the scanner, which fits in-
side the HW202 just under the tone-
burst encoder and just above the
speaker.

Parts are hard to get in this area. The
7445 was replaced with a 7441, and all
outputs were connected so the unit
would scan in both directions. The
2N4140s were replaced with 2N2222s.
The LEDs were cemented into small
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holes punched on either side of the
tone-burst encoder knobs. Two of the
same colored wires, about 8 inches
(20.3cm) long, were soldered as close as
possible to the LEDs.

A notch was made on the upper side
of the hole where the tone-burst en-
coder shaft passes through the metal
plates behind the knobs. This notch
allowed enough room for the wires to
pass over the switches and through the
holes without binding. With the tone-
burst encoder remounted, an area about
2-1/8 by 1-3/4 inches (54 by 45mm)
was available for mounting a PC board
for the scanner.

All scanner components were first
mounted on a breadboard and all wiring
was connected without cutting off any
excess. This broadboard version was a
good idea, because initial checks indi-
cated some problems — the LEDs didn't
agree with the channels below them.
Make sure you check out the circuit be-
fore you button it up.

The PC board shown in fig. 1 looks
somewhat unorthodox, but when no-

TO SELECTOR SWITCHES

fig. 2. Component layout for the fm scanner
board. Letter J designates a jumper,

body is around to tell you how, you do
the best you can. Note that the letter J
appears several times in the PC-board
illustration. This means that a jumper
must be connected between the points
shown. Make sure you install the jumper
under the 7441 before you mount the
device, otherwise you’ll have to install
an insulated jumper on the foil side. Al-
so note that pin 10 must be clipped
from the 7490 or it can't be mounted.
Finally, leave wire lengths longer than
necessary to facilitate knob removal of
the tone-burst encoder.

Bill Biser, K7PYS

variable, low-cost
power supply
for transistor work

If you like to work with transistors
and ICs, troubleshoot transistor radios,
receivers, walkie-talkies, or are tired of
buying batteries for low-power experi-
mental work, this variable power supply
may be the answer,

As this is a simple, low cost, one-
evening project, only the essential fea-
tures are described. You may want to
add refinements of your own which will
make the power supply more responsive
to your own specific needs. Although |
made no measurements of the output
regulation, it appears adequate for the
intended purposes.

The heart of this power supply are ac
adapter units which are also known as
battery eliminators, solid-state dc power
supplies, power converters, etc. These
adapters can be found at flea markets,
hamfests and junk shops at bargain
prices. | paid fifty cents each for mine.
One unit alone could have been used in
the circuit of fig. 3 although two are
preferable for 12 or 18 volts output.



The two adapters | used had the fol-
lowing information imprinted on the
cover:

120 Vac 9 Vdc, 40 mA
60 Hz or
5W 6 Vdc, 230 mA

Since | wondered how you got 6 V
dc at 230 mA from a sealed unit whose

ADAPTER

fig. 3. Simple, low-current power supply is

based on the use of ac adapters or battery
eliminators which are often found at flea
markets.

actual output was 9 Vdc, | wrote to the
manufacturer. They replied that “This
power converter is intended to be used
with our products at these voltages and
current ratings.”” From this | concluded
that the unit was capable of giving 6
volts at the prescribed current but that |
would have to supply my own voltage-
dropping resistor. All of this is not too
pertinent except to point out that you
should read the manufacturer’s label
and be sure to measure the voltage out-
put. The important specification is the
wattage rating of 5 watts — this is ade-
quate for a low-current power supply.

These ac adapters usually consist of a
small step-down transformer, full-wave
rectifier (often selenium) and capacitor
input filtering. The circuit is often on a
printed-circuit board and is contained in
a tightly sealed plastic box.

There is nothing critical in power
supply layout or wiring. Be sure to insu-
late the binding posts from the chassis,
at least the plus lead. In addition to the
two ac adapters you need two panel
meters, a toggle switch, a 500-ohm
potentiometer, duplex wall outlet for
117 Vac, two binding posts, and an ac
plug and line cord. The meters, switch

and binding posts are mounted on the
front panel. The duplex wall outlet is
installed on the chassis from under-
neath. Since most of the ac adapters
have plugs integrally molded into the
housing, they can be plugged directly in-
to the duplex outlet on the chassis. The
output of the power supply | built is
about three-quarters of a watt with volt-
age control from zero to 18 Vdc.

A word about the meters. Although |
used 50 Vdc and 300 mA meters | had in
my junk box, a 0-20 Vdc voltmeter and
a 0-100 or 0-200 milliampere meter
would be preferable.

Howard Stark, WA4MTH

microwave frequency
doubler

As spectrum space becomes more
and more valuable, amateurs are
forced to explore the communication
possibilities of the microwave bands.
Klystrons and other exotic devices
have been available since the late for-
ties for use as high as 12 GHz with
modifications, but there are few com-
ponents available for the next higher
amateur band (24 GHz), either surplus
or commercial. This article describes a
simple frequency doubler to get from
12 GHz to 24 GHz in one noncritical
step. The step is made with an ordi-
nary point-contact diode, a 1N23.

As most amateurs are aware, if a

- WR - 90
.r'{_ WAVEGUIDE

INPUT
w23 E —
- \ \
N\
020" (5 mm) A
. WH-62
OIE" (4 mm) WAVEGUIDE
—_——t
24 GHr
ouTPUT

fig. 4, Microwave 12 to 24 GHz frequency
doubler uses TN23 point-contact diode. Only
critical dimensions are spacing of the diode
from the shorted ends of the waveguides.

Microwave frequency doubler provides 5 Mw
output at 24 GHz with 100 mW input at 12
GHz. Fundamental is suppressed 23 dB.

diode is driven by an alternating cur-
rent source, harmonics will be genera-
ted but the strength falls of with in-
creasing harmonic number. Here only
the second harmonic is used which is
13 dB down from the fundamental.
The third harmonic is an additional 20
dB down so it can be ignored (or fil-
tered out if you are a purist),

The diode cartridge is mounted in
an untuned waveguide section as illus-
trated in fig. 4. The input waveguide is
a short section of WR-90 guide, 1 by
0.5 inch (2.54 by 1.22cm) nominal.
The output guide is type WR-62, 0.7
by 0.35 inch (1.78 by 0.89cm) nomi-
nal. By the way, the WR classification
gives the largest inside dimension of
the guide. For example, the inside
width of WR-90 is 0.9 inches; the in-
side width of WR-62 is 0.622 inches.

The only dimensions which should
be adhered to closely in the construc-
tion of the doubler is the spacing of
the diode from the shorted ends of the
waveguides. The tolerance here is
+0.04 inch (+1mm).

In use, an 12-GHz klystron, such as
a X-13, is connected to the input
flange and 24-GHz energy will exit the
output port, As previously mentioned,
the system loss for a drive level of 100
mW is 13 dB. The fundamental is
down 23 dB. The diode presently
being used has withstood 350 mW of
drive for over 200 continuous hours
with no degradation in performance.

John Franke, WA4WDL
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Warranty

“FACTORY DIRECT ONLY"”

WILSON "“WE-224"" MOBILE

SPRING SPECIAL

*199°°

Money Back
Guarantee

-

SraNanswN=

FEATURES

24 Channel Operation

One priority Channel

Selectable 1 or 10 Watts Out

10.7 M lithic Filter | lied

455 KHz Ceramic Filter

Numerical Read-out on each Channel
Built-in Adjustable “Tone- Burst” Generator
Front Panel Tone Encoder Control

. .ﬂmpu Wilson 1402 & 14055M X1als

| Trimmer C. tors for both TX/RX

. Mosfet Front End
12.
13.
14,
15.
16.
. Built-in Speaker

. Dynamic Microphone Included

. Mabile Mounting Bracket Included
. Frequency Range 144-148

-B%"W x 2%"H x 9%"D

. Weight: 5% Ibs.

. Power Requirements:

Helical Resonator

High VSWR Protection Circuit
Reverse Polarity Protection Circuit
NBFM - 15 KHz Channel Separation
External Speaker Jack

Source: 13.5 VDC ' 10%
Receive: 45A
Transmit: 2.6A (10W), .7A (1W)

SPECIAL INCLUDES:
WILSON “WE-224""

MOBILE MIKE

MOUNTING BRACKET

146, 52/562 SIMPLEX

TWO PAIR TX/RX CRYSTALS
OF YOUR CHOICE.

(Common Repeater Frequency
only)

moOoO®p

SPRING Special on

Wilson Hand Held 220 and 450

HAND HELD
ACCESSORY
SPECIALS

P
DESCRIPTION Gy e

BC! - BATTERY CHARGER $29.95

2202 SM

FREQUENCY RANGE 220 - 225 MHz

* & Channel Operation
» Individual Trimmers on all TX/RX Crystals
= All Crystals Plug In
» 12 KHz Ceramic Filter
» 10.7 and 455 KC IF
» .3 Microvolt Sensitivity for 20 Db Quieting
« Weight: 1 Ib. 14 oz, less Ballery
= Battery Indicator
«Size: 8 7/8x1 3/Aax27/8
* Switchable 1 & 2.5 Watts Output
® 12 VvDC

* Current Drain: RX 14 MA TX 500 MA

* Microswitch Mike Button
= Unbreakable Lexan® Case

USES SAME ACCESSORIES AS 1405
INTRODUCTION SPECIAL

1239

INCLUDES

1.2202 SM
2. Flex Antenna
3. 223.50 Simplex Installed

4502 SM
FREQUENCY RANGE 420 - 450 MHz

= & Channel Operation
= Individual Trimmers on all TX/RX Crystals
= All Crystals Plug In
* 12 KHz Ceramic Filter
* 10.7 and 455 KC IF
= .3 Microvolt Sensitivity for 20 Db Guieting
* Weight: 1 I1b. 14 oz. less Battery
= Battery Indicator
#Size: 87/8 x 1 3/4 % 27/8
* Switchable 1 & 1.8 Watts Output
® 12 VvDC
= Current Drain: RX 14 MA TX 500 MA
= Microswitch Mike Button
* Unbreakable Lexan® Case

USES SAME ACCESSORIES AS 1405
INTRODUCTION SPECIAL

2697

INCLUDES

1. 4502 SM
2. Flex Antenna
3. 446.00 Simplex Installed

BP - NI-CAD BATTERY

PACK. cesss 10.98
LCH - I-lll! LEATHEH

CASE. v isisannnsin aidlin B.50
LC2 - LEATHER CASE

FOR 1405, 2202, 4502 | B.50
S5M2 - SPEAKER MIKE

FOR 1402 AND 1405 . ......24.95%
TET - SUB-AUDIBLE TONE
ENCODER INSTALLED . . 34.95
TTP-TOUCH TONE ﬂ.ﬂD
INSTALLED . .. 44,95
XF1-10.7 MONDLITHIC

IF XTAL FILTER INST. - 8.95
CRYSTALS: TX OR Rx

([Common Freq. Only) -« -« 3.00

BC -1
BATTERY CHARGER
NOTE:
ACCESSORY SPECIAL
PRICE AVAILABLE
ONLY AT TIME OF
RADIO PURCHASE

70 march 1976

More Details? CHECK—OFF Page 102




clson Electonies

FACTORY DIRECT

mo2sm  ~SMWAIMANA
HAND HELD > §
2.5 WATT
TRANSCEIVER
st FEATURES gv
$164% 1402 sm | 1405 sm

« 6 Channel Operation
* Individual Trimmers

* 6 Channel Operation

* Individual Trimmers
on all TX/RX Crystals

« All Crystals Plug In.

* 12 KHz Ceramic

on all TX/RX Crystals
= Al Crystals Plug In
* 12 KHz Ceramic

Gorfi—

* Size: 87/8x17/8
« 2.5 Watts Minimum
* Current Drain RX

* Microswitch Mike

Filter Filter

« 10.7 IF and * 10.7 and 455
455 KC IF KC IF

* .3 Microvolt * .3 Microvolt

* Sensitivity for 20dB Sensitivity for 20 dB
Quieting Quieting

= Weight: 1 1b. 14 oz. * Weight: 11b. 14 oz.
less Battery less Battery

* S-Meter/Battery +« Battery Indicator
Indicator s Size: 8 7/8 x 1 3/4

x27/8 .
Output @ 12 VDC

14 MA TX 500 MA
(Iw)
Button .

Unb

x27/8

Switchable 1 & 5
Watts Minimum
Output ® 12 vDC
Current Drain: RX
14 MA TX 400 MA

Microswitch Mike
Button

Case

900 MA (5W)

reakable Lexan®

Shown

Optional
Touch-Tone Pad

Can be Modified 10 Day
for Money Back
MARS or CAP Guarantee

1405SM

HAND HELD
5 WATT

TRANSCEIVER
144-148 MHz

$239%

SPECIAL
ON EACH
RADIO
INCLUDES:

Flex Antenna
52/52 Simplex Xtal

90
Day
Warranty

TO: WILSON ELECTRONICS CORP.,

4288 S. POLARIS AVE., LAS VEGAS, NEVADA 89103

(702) 739-1931

SPRING SPECIAL DIRECT SALE ORDER BLANK

2202 SM @ $239.95. 4502 SM @ $269.95. WE-224 @ $199.95.
1402 SM @ $164.95. 1405 SM @ $239.95.

Accessory Special Prices Available Only at Time of Radio Purchase.

BC1 @ $29.95. BP @ $10.50. LC1 @ $8.50. LC2 @ $8.50.
SM2 @ $24.95. TE1 @ $34 95. (SPECIFY FREQUENCY )
— TTP@%$4495. __ XF1@$895.____TXor RX XTALS @ $3.00 ea. ___INSTALL XTALS @ $7.50/Radio.
EQUIP TRANSCEIVER AS FOLLOWS: XTALS A. B.
C. D. E. F.
ENCLOSED IS COCHECK [IMONEY ORDER [IMC [JBAC
CARD # EXPIRATION DATE
NAME
ADDRESS
CITY STATE ZIP
SIGNATURE

VALID ONLY MARCH 1-31, 1976

SHIPPING & HANDLING PREPAID FOR SPRING SPECIAL
NEVADA RESIDENTS ADD SALES TAX

HR

More Details? CHECK—OFF Page 102
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POLICE CALL

FREQUENCIES/CALL LETTERS/AREAS OF OPERATION

* Police * Ambulance * Rescue Squad

* Fire * Paramedic e Government

COMPLETELY REVISED & EXPANDED: 30,000 ADDITIONS & CHANGES

1976 Edition (Green Cover)

* VOLUME 1 A8sa w Hamg Mew ¥ Rhoae |
* VOLUME ; Delaware. Maryiand New Jorsey Pennsylvania

= VOLUME 3

* VOLUME 4 s Indiana Kentucky. Wisconsir

* VOLUME 5 Minnesota, Missour, Nebraska North Dakota South Dakota

® VOLUME 6

bia, Flonda, Georgia, North Carolina, South Carahina. Virginia

* VOLUME 7 shoma. Tenness ¥
* VOLUME 8 co Nevada, Utat 2
* YOLUME 8

Bonus Featuras s Operating Detmls of Many Major Systams

« FCC Allocation List of 1800 Freguencies
SPECIAL: Al 9 Volumas
o MGney Crows o Chech o

POLICE CALL
LEBANON, NEW JERSEY 08833
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. 839.00 (Includes 1st Class Postage)

Amateur crystals 144.0-148.00 only
for this trim price, plus 25¢ per
crystal for handling and postage.
Florida residents add 4% sales
tax. Send frequencies, make and
model when ordering. Our price
includes most gear on our free
Parts List. For equipment not
listed, we'll provide prices on
request and slice up something
special. Master Charge and
Bankamericard telephone orders

accepted. No C.O.D.s.

Savoy Electronics Inc.

P.0. Box 5727, Fort Lauderdale, Florida 33310

_ 305/563-1333
irer of Quality Quartz Crystals Since 1937

ME-3 microminiature tone encoder

Compatible with all sub-audible tone systems such as: Privale Line,
Channel Guard, Quiet Channel, elc
* Powered by 6-16vdc, unreguiated
= Microminiature in size to 1it inside all mobile units
and most partable unils
« Fiold reploceable, plug-in, Irequency determining elements
| =@Excellent frequancy accuracy and lemparature stability
. * Output Tevel adjusi ment potentiometer
« Low distortion smewave output
in allE1A tone frequencies, 67.0 He-203.5 Hz
plate immunity lo RF
gﬂ.m, protection bullt-in

$20.95 each

communicotions specialids <1 FIELD HEPLACEAGLE,

Wired and testng et with ».0. HOX 163 P\UQ-IN.FIE‘?UENC\'

an compil w bt |

- BREA, CALIFORNIA 82621 ot “;u BpCHTE
1714 9883021 o

More Details? CHECK—OFF Page 102



*

JAMES MARCH SPECIALS

*

741500

ALL THREE HANDBOOKS $6.95

@

PHONE ORDERS — (415) 592-8097

741500 39 7ALSSS 39
0Nt 1 SNMEIN a7t SNTelaaN - 30 *Astrisk Denotes ltems On Special For This Month® 74502 2 s &5 L5158 189
SNMOIN 16 SNTASIN 41 SNTAISON 110 s ¥ s b TS e
SNTAQN 2t SN74sA 25 SNMISIN 12§
Soum % Swaew  m Svasw 1% *Special Requested ltems* m WS W e m o se 2
STauN" 16 SNITON 45 SNMTSNT 12 1510 3 74LS86 65 74lS18t 169
SN74058 24 SN7ATIR 89 SN74155N 1.2 RC4194 Dual Track V reg $595  NBT97  $3.00  MKS007 $10.95  MC4044 450 741813 R 74159 125 7405190 85
SNT406N 45 SNTATN -39 SN741S6N 130 HC4195 =15V Track Reg 325  4024P 225 8263 595 LM3909 185 74L514 719 740592 125 7aLs1e1 288
SN7407N 45 SN7473N* 37 SN7415TN 130 F3368 Decoder 395  DMBIX 325 8267 275 MM5320 19.95 241520 39 74593 125 7418192 288
SN7408N 25 SN7474N" 32 SN74160N  1.75 LD110/111 DM Chip Set 28.00 9322 130 8288 115 40798F 45 741526 9 74s85 219 74ls1s3 285
SNT4ON_ 25 SNTATNS 50 SNPAIGIN, 145 CA3130 ~ Super CMOS Op Amp 149 MC4016 56 8826 3.00 74 150 | 74527 15 74089 T80 7418194 225
SNT41ON 16 SN7a7eN 32 SNT4183N"  1.35 MC1408L7 DA 995 2525 600 8880 135 7497 500 | 7als28 O s107 6 7415195 228
Sk 30 SNPTHE 500 SNMAIBN 165 Fast FIFO Sz o S0 GUAE 28 i 500 | a3 % s 5 74S257 19
s 42 SNMBIN S0 SNTAIBSN 165 MM584t  Character Gen 136 200 74279 w0 7S 5 Tas13 155 7405260 55
SN 85 SNT4B2N 175 SKTAIBEN 170 WELL 8 HappY 70 DUOTE M YOUR SPEIAL PART Taisias o Tacns »
SN7414N 70 SN7483N 115 SNTAIEIN  5.50 [orritss 135 e S
SNIIBN 43 SNMEBSN 112 SNIITON  3.00 R - RED : :
I 6 SNTAGRN 45 SNTAITZN 1800 XCITON OPTO ELECTRONICS DIP SWITCH
SNT418N 25 SNT488N 350 SNTAITIN 170 LITRONIX G - GREEN Thase switches feature four SPST
SN7420N 21 SN748SN 300  SNTAITN 195 Rocner Switches in a moided dip. They
SNM2IN 3 SNZQON' 49 SNTAITSN 195 DISCRETE LEDS Y - YELLOW are eally Sued fof microprobesst ap-
SN7423N ¥ SNTAQIN 120 SNTAITEN .90 MONSANTGO 0 - ORANGE glications. $1.95
SN2425N 3 Shsan B s @ N
SNT426N 3t 493N" SN74180N  1.05 ﬁ' T
NN Swae 91 w35 ~r dad M;'t‘)é};‘:.:s
SNIAZM 42 SN74g5 91 sNMteN 8 \ . | on [ oref on |21 |08 [208 107 [0
Svem @ S o Swiew ow 125" dia. 185" dia. 190" dia
SNTAIN 31 ST 400 SNieW 220 ' . o || on | 223 | 288 ozs |18 {181
SN7437H 47 SNT4187N 6.00
XC209R 5781 XC526R 5751 XC1IR 581
Sz 40 SNl 49 swrtan 150 XC2096 45t XC5266 a3t X116 st
Swidam 25 Shiatie 45 Swrast 150 XC208Y 451 XC526Y 481 XCH11Y st sof | o [ore] on [z 238 res |1aa 120
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products

vhf fm
transmitter strip
and power amplifier

The new T40 fm transmitter strip
from Hamtronics, Inc., features crisp,
clear, symmetrical modulation, is com-
patible with carbon or transistorized
dynamic microphones and has separate
microphone gain and deviation controls
for proper modulation setup. It also has
sufficient shielded tuned circuits to min-
imize harmonics and spurs.

The exciter module is designed pri-
marily for two meters; a tripler/driver is
available for 450 MHz; other frequen-
cies such as 50, 220 MHz, and the com-
mercial frequencies are available on re-
quest, Output power is adjustable up to
200 mW with a power control pot. This
level is sufficient to drive the compan-
ion power module, and it is also useful
as a QRP signal around town or for re-
peater input. The T40 is also well suited
for use as a multi-channel fm signal gen-
erator or as a control or supervisory
link. The exciter module may also be
used on CW for the low ends of the 144
and 432 bands.

The T40 has eleven channels, with
ground-on diode switching suitable for
busing with receiver control lines if de-
sired. Sockets are provided for standard,
series-resonant 12-MHz HC-25/U
crystals, which are readily available.
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Separate, multi-turn vernier coils allow
individual adjustment of each channel
frequency.

The assembled G-10 PC board meas-
ures 3x7-1/2x1 inch (7.6x19x2.5¢m). It
is designed to slide into vertical grooves
in the companion cabinet. It may also
be standoff mounted in your own pack-
age or mounted on the rear of a rack
panel. The unit is powered by +13.6
Vdc at 70 mA.

The new T80 rf power modules em-
ploy the new “rf modules” recently
introduced by TRW and others. These
bricks are like magic compared to the
tricky and sometimes unstable discrete
power amplifiers commonly in use
today. The bricks are self-contained,
take 200 mW drive and amplify up to a
level of 20-25 watts on 2 meters or
13-15 watts on 432-450 MHz. There are
no external tuned circuits to fuss with.
There isn‘t any tuning at all! Believe it
or not, you simply connect the exciter
and antenna to the brick, add 13.6 Vdc,
and vyou're on the air with instant
power.

Hamtronics has packaged the bricks
with the necessary decoupling compo-
nents, connection facilities and heatsink
and sell the unit all assembled and
tested so you have no worry about what
you are getting into. Features include
vswr protection, no tuning, stability
under all normal conditions including
vswr, clean output signal, low power
drain, and easy installation. The T80 is
especially well suited for repeater ser-
vice since it is unaffected by changes in
antenna impedance due to weather.

Input power is 13.6 Vdc at 2-4 amp,
depending on drive level and frequency
band. Efficiency is 30-50%. Connections
for power and rf signals are provided
through a PC board which butts up to
the leads of the rf power module. Both

are mounted to a heavy heatsink. The
heatsink may be attached to the rear
panel of the companion cabinet with
the power amplifier mounted inside the
rear panel, if desired, or it may be
mounted to suit your installation. All
you need do is attach your coax cables
and power lead and you're on the air.

For uhf operation, the T20 uhf
tripler/driver module is available to
interface between the T40 exciter and
the uhf power module. Housed on a PC
board, it requires about 200 mW of
drive at 2 meters to provide 200 mW
output at 432-450 MHz.

Price of the T40 exciter module kit is
$39.95. The T80 rf power module is
$79.95, wired and tested. A companion
cabinet is available for $24.95. The T20
tripler/driver module kit for 450 MHz is
$19.95. For complete information, in-
cluding an illustrated catalog, send an
SASE to Hamtronics, Inc., 182 Belmont
Road, Rochester, New York 14612,

instant-weld adhesive

Need a third hand when building
equipment? Oneida’s new Six-Pak of
industrial-strength alpha cyanoacrylate
adhesive is available in one-ounce dis-
pensers. Up to 11,400 one-drop applica-
tions are possible from this new package
of dispensers.

Standard Six Paks come with an
assortment of five Instant-Weld formu-
las; however, you may specify the
assortment of your choice. The five
formulas are designated by label colors:
red, blue, yellow, green, and white. Red
label sets the fastest. It bonds many
materials in about three seconds, includ-
ing plastics, rubber, ceramic, or glass.

Thousands of items and materials can
be quickly and permanently bonded
with Instant-Weld. If you have an un-
usual bonding problem, write Oneida
Electronic Manufacturing, Inc., atten-
tion Mr. Dalton Smith, 138 West 7th
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Street, Erie, Pennsylvania 16501, or call
(814) 336-2125. Oneida will make rec-
ommendations, which may require a
special mix. Instant-Weld is made in the
U.S.A. and is guaranteed. The standard
Six-Pak sells for $49.95 postpaid. A bro-
chure is available from Oneida Elec-
tronic Manufacturing, Inc., Meadville,
Pennsylvania 16335 or use check-off on
page 102.

QSL bureau
for novices

Here's good news for novice ama-
teurs who would like to save money on
sending and receiving QSL cards. Jim
Isham, W8TX X, operates a novice QSL
bureau that works like this: For only
$2.00 per year, a novice may send him
as many QSL cards as he wishes, and
Jim will remail them. All novice ama-
teurs are asked to keep a self-addressed
stamped envelope on file with WBTXX
to expedite the remailing system.

When a novice subscribes to Jim's
service, Jim will send the novice a card
with a code number, which must be in-
cluded in all future mailings. The code is
different for each subscriber. At the end
of the year's subscription, the novice
subscriber will be sent another card,
which tells him the year is up and asks if
he wishes to subscribe to the service for
another year.

Considering the present postal rates
for sending cards individually this ser-
vice looks good indeed. If postal rates
increase, savings will be even more.
Write to Jim Isham, W8TXX for further
details. His address is Box 1111, Ben-
ton, Harbor, Michigan 49022.

lowpass TVI filter

Television interference, even from
modern transmitting equipment, is still
a problem in many areas. A well-
designed lowpass filter properly instal-
led in an amateur transmitter can pre-
vent or substantially reduce television

More Details? CHECK—OFF Page
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STATE-OF-THE-ART RECEIVER PRESELECTOR

The new MFJ 1030 BX receiver pre-
selector sets a new standard of per-
formance! It dramatically improves
weak signal reception, significantly
rejects out-of-band signals, and re-
duces image response. You'll be
able to clearly copy weak, unread-
able signals. (Increases signal 3 to
5 “S" units). Its strong signal handling ability allows you to reduce
your receiver RF gain. This results in reduced receiver cross modulation
and overloading in presence of strong signals while still maintaining
excellent signal to noise ratio. Since most receivers are entirely ade-
quate below 10 MHz, the pre-selector is optimized to cover the 10 to
30 MHz region. Simply connect between antenna and receiver or be-
tween transmit-receive relay and receiver input of any transceiver. A
9 volt transistor battery provides months of operation.

Look at these special features from m

Uses protected dual gate MOSFET for ultra low noise, high useful gain and
s!\'onf szsrlll handling abili
S

® Gain dB minimum, ?p cally 25 dB.

® Noise %ure is less than 2.5 dB.

® Two hi double tuned circuits.

® A unique feature: separate input and output tuning controls provide maximum
gain and I y by inating the inherent tracking problem of a dual
Ean itor. More exp ive, but worth it.

[ ] Completely lnhll

® Pre d in off position.

@ Housed in lﬂrlct‘t—vn Ten Tec box, eggshell white with wood grain end panels,

2-1/8" x 3-5/8” x 59/16".
® Unconditionally guaranteed for one year.

MFJ-1030 BX . $49.95
Please add $2.00 for ship ing and handling.

Order Now - NO RISK - 30 Day Money Back uarantu or und for FREE brochure

SUPER LOGARITHMIC SPEECH PROCESSOR

MODEL LSP-520BX MODEL LSP-520BXII

UP TO 400% MORE RF POWER is yours with this plug-in unit. Simply plug LSP-
520BX into the circuit between your microphone and transmitter and your voice
suddenly is transformed from a whisper to a DYNAMIC OUTPUT.

Look what happens to the RF Power Output on our NCX-3. It was tuned for normal
SSB operation and then left untouched for these “before” and “after” oscillograms.

et

AT

Fig. 2 SSB signal after processin
with LSP-520BX. The once weak val-
leys are now strong peaks. Our NCX-3
now puts out 100 watts of average
power.
Three active filters concentrate power on those frequencies that yield maximum
intelligence. Adds strength in weak valleys of normal speech patterns. This is ac-
complished through use of an IC logarithmic amplifier with a dynamic range of
30dB for clean audio with minimum distortion.
This unit is practically distortion-free even at 30dB compression! The input to the
LSP-520BX is completely filtered and shielded for RF protection.
Size is a mere 2 3/16H x 3'AW x 4D. Money back if not delighted and ONE YEAR
UNCONDITIONAL GUARANTEE. Order now or write for FREE brochure.

$49.95

LSP-520BX
LSP-520BXII $59.95
This unit includes all the I'e.'llures outlined above and then some. A Rotary function switch, an

alternate 4 pin mic jack, and a beautiful 2-1/8" x 3-5/B" x 5-9/16” Ten-Tec enclosure are the
bonuses included in this option. ADD $%$2.00 SHIPPING & HANDLING

Here's another product from the beautiful MFJ line: SSB FILTER

This filter, packaged very much like the Speech Processor above, allows you to
select the optimum audio bandwidth to drastically improve readability. _
SBF-2BX, assembled and tested $29.95. Write for free catalog on other equipment.

DEALER INQUIRIES INVITED
3

601-323-5869
(>

MFJ ENTERPRISES

0. BOX 494(H) e MISS. STATE, MS 39762

Fig. 1 SSB signal before processing.
See the high peaks and the low val-
leys. Our NCX-3 is putting out only
25 walts average power.
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o 1l [hscount on orders

LPOSTAGE PAID on all L
orders oves $5.00 wver $50.00

« QUALITY PARTS & KITS

*4BHR MAIL SERVICE

« CASH REFUNDS on ow
ol stock iems

WELL WE DID IT AGAIN! we went and designed a kit that we have had
many requests for, This supply is perfect for the shack to run those
high current mobile rigs and at a price that doesn't make strong men
(or women) cry!

THE IMMOBILE MOBILE SUPPLY
11.5VDC to 14.5VDC @ 10amps

]
| add $2.00 |

W RIPP
ON L['Lfm Shipping! |

SHORT CIRCUIT PROTECTION
FOLD BACK CURRENT LIMIT

VARIABLE +2VDC FROM 12.5

MINI POWER SUPPLY KIT P5-02
Build your own +5 volt power Module
#t a fraction of commercial cost!
+5 wolt regulated @ 400 MA
with overlosd protection
low ripple for TTL work!

» Drilled & Plated Board
= All Components
» Complete Instructions

= Translonme:

S

POWER SUPPLY KIT

Compare wilh kits selling
Tor much mwee

12. 95

uses TBLOS & TBLIS
regulator chips

C
$4.95

3for $12.50

DRILLED PLATED BOARD
QUALITY COMPONENTS
TRANSFORMER INCLUDED

Everybody we tokd about this kit said it was “"too cheap - you
should sell it for more” . . . but we think the buyer can recognize
@ super deal SO HERE IT IS!! \

Cauciltt

ischarge

LouD!
10 WATT WARBLE ALARM KIT
All the comporents you need 10 build
dual tone warble slawm e the spesker

Complete with PC Board
$2 .50 complete

Double the output of your cary
IGNItION sysiem

CONTAINS: ¥

ASES ARE AVAILABLE!
.PC BOARD 5.95 .44 6-15VDC

« SPECIAL TOROID TRANSFORMER

«2 I&WLPower Transistors eatsink & Hardware Programmed Dwode Aty

«8A SCR Does not need 4 special coil OMNE-OF TEN TO BCD Encoder
«4 BOO Volt Diodes Easy to install Great lor Keyboard encoder

« All resistors & caps frequency synthesizers, eic

« COMPLETE INSTRUCTIONS 14 PIN DIP 1.45ea

HEATSHRINK TUBING SPECIAL CRYSTAL TIME BASE KIT 1B 50( 5007 model)

TB 60(6ONI model)

01% accuracy | 002% typ)

Sma at 12¥DC

Works Withmost clock
chips

#1 assorted one foot lengths
of 3/64, 1/16, 1/8, & %"
10 pieces .49

#2 assorted one foot lengths
of 3/8, & 1/2"
6 pieces .49

o NO GO

o Uhedk or MO

« lnclude 504 handling
o ordees undes §5.00

s Fla. ressdents Add 1% tan

BULLET ELECTRONICS
PO BOX 1465
Loke Worth, Florida 311440

T490 decade comters
75491 quad segment driver
75492 hex digit driver
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interference. The R. L. Drake Company
has added a new lowpass filter, the
TV-3300-LP, to their line of television
interference filters. The TV-3300-LP
provides more than 80 dB attenuation
above 41 MHz and will handle 1 kilo-
watt maximum input below 30 MHz.
More information? Write R. L. Drake
Company, 540 Richard Street, Miamis-
burg, Ohio 45342, or use check-off on
page 102.

avionic
test-equipment kits

Radio Systems Technology has an-
nounced a new line of avionic test
equipment. This equipment, designed to
give the ham-pilot the capability of
bench service of VHF Nav Com trans-
ceivers and Marker Beacon receivers, is
available for the first time anywhere in
kit form. Four separate kits allow the
test bench to power 12-volt radios and
accurately synthesize navigation and
communication signals as well as meas-
ure transmitter and audio outputs. All
kits may be powered from 110 volts ac,
12 volts dc or internal 9 volt batteries,
and are supplied with rod antennas for
use as ramp test sets. g

The RST-721 Communications Test
Set is designed to check all inputs and
outputs of vhf communication trans-
ceivers for correct operation. This unit
is a composite rf and audio wattmeter,
voltmeter, ammeter, percentage modula-
tion meter, vswr meter, microphone test
set and crystal-controlled 1228 MHz
signal generator. Rf and audio 10-watt
dummy loads are built-in. The RST-721
Test Set sells for $98.50.

The RST-711 Navigation (VOR-
LOC) Test Set is designed to test vhf
navigation receivers for correct opera-
tion. This wunit is a crystal-controlled
108.0 and 108.1 MHz signal generator
modulated with four major OMNI sig-
nals or LOC signals together with pulsed

More Details? CHECK—OFF Page 102



or continuous IDENT tone. A front
panel rf level attenuator allows receiver
sensitivity to be checked. The unit sells
for $97.50.

The RST-701 Marker Beacon Test
Set is a crystal-controlled 75 MHz signal
generator modulated with any of three
marker tones, Fan, QOuter or Middle
Marker. A front panel attenuator selects
the desired rf level for checking sensi-
tivity. The RST-701 sells for $69.50.

The RST-601 is a 12 volt bench regu-
lated power supply which has the capa-
bility of simulating battery high limit
voltage, nominal, and low limit voltage.
Also included on the RST-601 chassis
are microphone and headphone jacks,
built-in speaker, and three parallel con-
nectors for transceiver interconnection.
The unit sells for $85.00.

The RST-601, 701, 711 and 721 may
be purchased as a complete Bench Test
Set for $330.00. For further informa-
tion, write to Radio Systems Technol-
ogy, P.O. Box 23233, San Diego, Cali-
fornia 92123, or use check-off on page
102.

precision frequency
comparators

The Dynatron Company has an-
nounced two frequency comparators in-
tended for use in calibrating crystal
oscillators against television network
atomic standards. The comparator gen-
erates a vertical rainbow bar on the
screen of a color television receiver. The
rate of color change of the bar indicates
the phase difference between the crystal
oscillator output and the network color
subcarrier. Frequency calibrations to
within a few parts in 10192 take just a
few minutes.

This calibration scheme, based on
technigues and circuits developed by
the National Bureau of Standards, is
supported by the monthly publication
of the network offset frequencies in the
NBS Services Bulletin.

The DyCo Model 175 accepts input
of 2.5, 5 or 10 MHz while the Model
175-1 accepts 1, 5 or 10 MHz. Price of
the Model 175 is $99.95 while the
Model 175-1 sells for $109.95. For
more information contact the Dynatron
Company, Post Office Box 48822, Los
Angeles, California 90048, or use check-
off on page 102.

ANTENNAS

7 and 11 ELEMENT YAGIS: Cut
and tuned for FM and wvertical
polarization. Rated at 1000 watts
with direct 52 ohm feed, quick,
neat assembly. 220-225 MHz

MODEL A220-11 A220-7
Boom 102" 70"
Wt/turn radius 51bs. 51" 2 bs. 70"
Gain-F/B ratiodBd 13.2/28 11/26
Wind area sq. ft. .50 40

Net Price $22 95 $1895

STACKING KITS: For two verti
cally polarized yagis, gives 3 dB
gain over the single antenna.
A220-VPK complete kit $19.95
A21-SK coaxial harness only
$13.95

OMNIDIRECTIONAL GAIN
RINGO: 3.75 dB gain half wave
antenna direct dc ground, 52
ohm feed. Low angle of radiation,
1-1 SWR. Ready to install.
MODEL AR-220-220-225 MHz,
length 30, wt. 3 Ibs., power 100
watts, wind area .20 sq. ft.

$18.50 net

FOUR POLE: 9 dBd Gain offset,
6 dBd omni pattern. Excellent
capture area and low angle of
radiation. Mast not included.
Mount on pipe or tower. MODEL

AFM-24D-220-225 MHz, length
15’, wt. 5 Ibs., Power 1000 watts,
wind area 1.85 sq. ft. $52.50

RINGO RANGER: A 6dB gain
antenna with three half waves.
Ranger gives an extremely low
angle of radiation for better signal
coverage. Perfectly matched to
52 ohm coax. 4.5 dBd - 6dB ref.
Ya wave whip.

ARX 220-220-225 MHz. $28.50

@A\
N\
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220 FM

POWER PACK: 22 element array
for 220 FM, with mounting boom,
harness and all hardware. Gain
16 dBd F/B ratio 24 dB beam
width 42° dimensions 102" x
50" x 27", weight 12 Ibs., 52 ohm
feed. A220-22 $56.50

RINGO
3
'L'.: |
|-
L 3
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1952/1976 — 25th Anniversary — 1952/1976 — 25th Anniversary — 1952/1976 — 25th Anniversary — 1952/1976
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o 3
: epaith SAME LOW PRICES £
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Lo o
f Dayton HAMVENTION :
2 . »
g April 23-24-25, 1976
- e Fabulous PRIZES * ARRL and FCC Forums 2
* GIANT Flea Market * Special Group Meetings
@® = Exhibits * Ladies Programs i
P * New Products * Awards o
S e Technical Sessions * Transmitter Hunts 3
@ 3
- o
*» GRAND BANQUET Saturday Evening (Special Prizes)
|
g L]
o
@ If you have registered within last 3 years you will receive S
s a program and information brochure to be mailed March 8. >
e
s :
;,'E, For special motel rates and reservations call (513) 277-1325, 6 to 10 PM. EST. g
('] -
& Write Dayton HAMVENTION, P.0. Box 44, Dayton, OH 45401 for information. -
8 See You at the World's Largest Ham Convention g
o 3
| 1952/1976 — 25th Anniversary — 1952/1976 — 25th Anniversary — 1952/1976 — 25th Anniversary — 1952/1976 |
MEMORIES
5 MW/B e
Voltage il Lt
Regulators TO-3 m .
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and its precision- and available only DA I Soscm a9
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triggered clock pulse combination. for S
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HAL Communications Corp., Box 365, 807 E. Green Street r
Urbana, lllinois 61801 « Telephone: (217) 367-7373 BnB"‘LDn e etaAtD
ELECTRONICS
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DIGITAL DATA RECORDER

for
Computer or Teletype Use

Up to 4800 Baud

Uses the industry standard tape saturation 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 memory. Great
for small business bookkeep-
ing. Imagine! A year’s books
on one cassette.

Thousands are in use in col-
leges and businesses all over
the country. This new version

r& is ideal for instructional, am-
= ateur, hobby and small busi-
ness use. Ideal for use by servicemen to load test pro-
grams. Comes complete with prerecorded 8080 software pro-
gram used to test the units as they are produced. (Monitor)
SPECIFICATIONS:

A. Recording Mode: Tape saturation binary.
This is not an FSK or Home type recorder.
No voice capability. No modem. 3" per sec.

. Two channels (1) Clock, (2) Data. Or two
data channels providing four (4) tracks on
the cassette. Can also be used for NRZ,

Bi-Phase, etc.

. Inputs: Two (2). Will accept TTY, TTL or

RS 232 digital.
. Outputs: Two (2). Board changeable from

F. Compatability: Will interface any computer
using a UART or PIA board. (Altair, Sphere,
Mé6800 etc.)

. Other Data: 110/220 V, 50/60 Hz; 2 Watts
total; UL listed #955D; three wire line cord;
on/off switch; audio, meter and light oper-
ation monitors. Remote control of motor
optional. Four foot, seven conductor remot-
ing cable provided.

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-

. Warrantee: 90 days. All units tested at 110

and 4800 baud before shipment. Test cas-
sette with 8080 software program included.
This cassette was recorded and played back

serve two.

COMING NEXT MONTH — IN KIT FORM

* Hexadecimal Keyboard — Load programs board for use with your own deck (cassette
direct from keyboards’ 16 keys and verifying or reel to reel). Go to 9600 baud on reel
display. Does not use Computer 1/0. to reel. Digital in, digital out, serial format.
1/0 for use with Computer Aid or other * Interested in these? Send your name and
digital recorders. Variable baud rate select- address for brochure when released.
able on externally located unit by one knob. (EDUCASSETTE is our registered TradeMark)
Can load computer or accept dumps with- Fill out form and send check or money order to:
out software. Turnkey Operation. For any NATIONAL MULTIPLEX CORPORATION
8 bit computer. 3474 Rand Avenue, Box 288
Record/Playback Amplifier South Plainfield, New Jersey 07080
Expanded version of our Computer Aid 201-561-3600

during quality control.

NATIONAL MULTIPLEX CORPORATION

3474 Rand Avenue, Box 288
South Plainfield, New Jersey 07080
SHIP TO:

Data Recorder @ $149.95

Operating & Technical
Manual (Schematics)
@ $1.00

- New Products, No Charge

Please enclose $2.00
Shipping & Handling

CARD NO. N. J. Residents add 5%

EXPIRATION DATE Sales Tax

Mailing Label

More Details? CHECK—OFF Page 102 march 1976 [§ 79



VANGUARD NOW HAS THE WORLD’S LARGEST SELECTION OF

FREQUENCY

1 s
A\ ﬂt’"eg‘jft
Jov 3 b‘v‘\)a?’@\'t"

Ve
AVAILABLE FOR"

AIRCRAFT, FIRE, POLICE
AND AMATEUR FREQUENCIES

Check these features:
Smallest size of any commercially available
synthesizer — only 1-3/8" x 3-3/4" x 7",
Excellent spectral purity since no mixers are
used.

0005% (5 parts per million) accuracy over
the temperature range of —10 to +60 C.

Immune from supply line wvoltage fluctuations
when operated from 11 to 16 volts D.C.

Up to BOOO channels available from one unit.
Frequency selected with thumbwheel switches.

Available from 5 MHz to 169.995 MHz with
up to 40 MHz tuning range and a chaice of
1, 5 or 10 kHz increments (subject to certain
restrictions depending on the frequency band
selected).

Top quality components used throughout and
all ICs mounted in sockets for easy servicing.

All synthesizers are supplied with connecting
hardware and impedance converters or buffers
that plug into your crystal socket.

SYNTHESIZERS FROM $129.85

SEND NO MONEY.
WE SHIP C.0.D.
ORDER BY PHONE
AND SAVE TIME.

We ship open account only to U.S. and
Canadian government agencies, univer-
sities and selected AAA rated corpora-
tions,

Vanguard frequency synthesizers are custom pro-
grammed to your requirements in 1 day from
stock units starting as low as $129.95 for trans-
mit synthesizers and $139.95 for receive synthe-
sizers, Add $20.00 for any synthesizer for 5 kHz
steps instead of 10 kHz steps and add $10.00 for
any tuning range over 10 MHz. Maximum tuning
range available is 40 MHz but cannot be program-
med over 159.995 MHz on transmit or 169.995
MHz on receive (except on special orders) unless
the i-f is greater than 10.7 MHz and uses low
side injection. Tuning range in all cases must be
in decades starting wtih 0 (i.e. — 140.000 —
149.995 etc.). The output frequency can be
matched to any crystal formula. Just give us the
crystal formula (available from your instruction
manual) and we’'ll do the rest. We may require
a deposit for odd-ball formulas. On pick-up orders
please call first so we can have your unit ready.

VANGUARD LABS

196-23 JAMAICA AVE.

Call 212-468-2720 between 9:00 am and 4:00 pm

Monday through Friday
HOLLIS, N. Y. 11423

MORSE TO TTY
CONVERTER

SELF ADJUSTING FROM 5 TO 65 WPM
NEEDS NO ADJUSTMENTS

* COMPLETE WITH SERIAL OUTPUT
Adjusts from 60 1o 100 wpm., 20 or 60 Ma

USES LATEST THIRD GENERATION B-BIT
MICROPROCESSOR-only 7 chips

* CONNECTS DIRECTLY TO SPEAKER LEADS
with optional Audio Filter/ Regenerator

PRICES START UNDER $100

The new Micro Morse Converter provides the highest perform
ance and lowest cost of any unit through use of the very latest
third generation microprocessor and sophisticated programming
techniques. Only seven chips are used to provide input
measurement, character recognition, and serial output at any
rate from 60 1o 100 WPM.

Here is an opportunity to put the very latest technology to
work in your station—Order Today!

MMT - 1W Basic converter board
Wired and Tested.......... $189.00

MMT - 18 Circuit board, CPU, ROM
and instructions. ., $ 99.00

MMT -2 Complete unit housed in an
attractive enclosure, ready 1o operate $279.00

Write For Complete Specs And Prices.

=EVY
ABEREIATES

P. 0. Box 961 Temple City, CA. 91780
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Solid State Modules

2050 KOMO MAI DRIVE
PEARL CITY, HAWAII 96782
PHONE (BOB) 455-2282

This wnit is a linear transmit and receive con-
verter from 10 meters to 2 meters, suitable for
use with either a separate transmitter and re-
ceiver or transceivers,

Any transmissions mode fed into the unit is
retransmitted on 2 meters. When used with YAESU
MUSEN gear it takes its power directly from the
accessory socket on the H.F. equipment.

Used in conjunction with other gear, the required
voltages may be taken from the H.F. equipment or
separate power supply may be used.

SPECIFICATIONS

Dual Gate MOSFETS in the receive converter,
Bipolar transistor oscillator chain.
200 W P.E.P. input.
Transmit drive requirement only 100 mW.
Receive converter gain - 30dB.
SIZE - 9* x 434" front panel 434" deep.
Power supply requirements: -
1. 600-800V at 250 mA,
2. 300-350V at 70 mA.

. =75 to =150V at 5mA,
4, 12.6V ac. 1.8 amp.

The Europa-B ON-OFF switch switches the Yaesu
H.F.P.A. heaters ON and OFF automatically.

Introductory Price: $279.95 less tubes
Tubes Required 2-6360
1.5894

Total price with tubes $299.95

Dealer Inquiries Invited
Low Noise and Miniature VHF Pre-amps available.

Radio
Amateurs
Reference

Library
of Maps
and Atlas

WORLD PREFIX MAP — Full color, 40" x 28",
shows prefixes on each country . . DX zones,
time zones, cities, cross referenced tables

$1.25

RADIO AMATEURS GREAT CIRCLE CHART OF
THE WORLD — from the center of the United
States! Full color, 30 x 257, listing Great Cir-
cle bearings in degrees for six major U.S. cities;
Boston, Washington, D.C., Miami, Seattle, San
Francisco & Los Angeles. 1.

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, prefixes 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 world. 20 pages. Size
8% x 127 -

Complete reference library of maps — set of 4
as listed above $3.75

See your favorite dealer or order direct.

Mail orders please include 75¢ per order
for postage and handling.

g . callbookw:

FREE Dept. E 925 Sherwood Drive
Lake Bluff, 111. 60044

BROCHURE!

More Details? CHECK—OFF Page 102




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

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

mode! number.

Table {
STANDARD ELEMENTS (CATALOG NUMBERS)

Frequency Bands (MHI)

Power 2- 25. 50- 100- 200- 400-
1 Range 30 60 125 250 500 1000
] 5 watts — 5A 5B 5C 5D 5E

10 watts 10A 10B 10C 10D 10E

25 watts — 25A 258 25C 250 25E

ELEMENT TABLE 1 SUFFIX H . ... ... $35.00 ea. 50 watts 50H 504 508 50C 50D S0E
SUFFIXES A, B,C,D,E ... .. .. . $32.00 ea. 100watts | 100H  100A  100B  100C 100D  100E
250 watts 250H 250A 250B 250C 250D 250E

ALSO AVAILABLE . . . MODEL CCl, CARRY CASE 500 watts { S00H  S00A 5008 500C 5000 500
FOR MODEL 43 szo 00 1000 watts | 1000H  1000A 10008 1000C 10000 1000E

2500 watts | 2500H

EC-1, CARRY CASE FOR XTRA ELEMENTS $12.00 5000 watts | S000H

—ANTENNA TIME IS JUST AROUND THE CORNER—
WHEN THE WEATHER GETS NICE IT IS TIME TO THINK c\ﬁ\‘dd“ Wz
ANTENNAS. WE STOCK ALL POPULAR MODELS FROM g S L2
MAJOR MANUFACTURERS. EVERYTHING FROM A 40 ”f"'!l'yain* -

METER BEAM TO A UHF TWIST FOR OSCAR. ' e

SPECIAL PRICES AVAILABLE ON FULL ANTENNA PACKAGES
GOODIES FROM “THE FM PEOPLE”

We have a limited supply of the We have limited quantity of ex- We still have a good supply of
plastic housings with controls & ternal earphones with cord and used nicads for the HT220, Om-
wiring harnesses for the UHF micro plug that will work with o

HT200 radio. If you have just the : ni radio. They have been charged

y €] just about any HY or pager. Pro-
boarfjs or a really grubby HT fessional style made to sell for up and checked out. Well worth
here’s your chance to have a many times our price. the price. Buy a couple for spares.
really pretty HT.
$29.00 EA. $3.95 EA. $10.00 EA.

HI BAND STRIPS HT PARTS CARRIER SQUELCH —

30 Wwatt “G” series transmit We carry one of the largest stocks We have the kits to convert your

strips. Use 6146 final. Your im- ] tone and voice Pageboy | to car-
agination is the only limit to the of HT220 parts and options rier squelch. Available for both
number of uses. around. If it's for an HT, give UHF and VHF models.

2 FOR ONLY $14.95 us a try. $29.95 EA.

SEE YOU AT THE DAYTON HAMVENTION
' SPECTRONICS, INC. HOURS

STORE HOURS:
1009 GARFIELD Mon-Thurs 9:30-6:00, Fri. 9:30-800

OAK PARK, IL. 60304 Sat. 9:30-3:00, Closed Sun. & Holidays.
312-848-6778 f 9 -

BanxAMEnICARD ‘

TELEX 72:8310

More Details? CHECK—OFF Page 102 march 1976 & 81



NEW? no, BUT STILL THE LEADER!

The ORIGINAL high performance, non-
ringing, no loss CW Filter, Model CWF-2BX,
is still available. Over 5000 in use now!
Enthusiastic Amateurs can't say enough
for this easily used accessory which pulls
in those weak signals and completely
separates them from the QRM. 4 x 3% x 2 3/16 inches
750 Hz

This CW Filter is often imitated but
never duplicated.

The RAZOR SHARP SELECTIVITY offered
by the CWF-2BX is indicated in this curve
giving its response characteristics. The
80 Hz bandwidth along with extremely
steep sided skirts make even the weakest
signals stand out.

Plugs into any receiver or transceiver.
Drives phones or connect between receiver

T
100 400 1000 4000

audio stage for full speaker operation. FREQUENCY
HZ]

@ Drastically reduces all background noise @ No Write for FREE test report & Catalog
audible ringing ® No impedance matching @ No . oo0veD CWF-2BX

insertion loss @ B8 pole active filter design uses assembled ... $27.95
IC's @ Bandwidth: 80 Hz, 110 Hz, 180 Hz (se- CWF-2, (wired & tested PC board with
lectable) @ Skirt rejection: at least 60 db down four position selectivity switch) $18.95

Dealer Inquiries Invited

one octave from center frequency for 80 Hz
bandwidth @ Center frequency: 750 Hz @ 9 volt
transistor radio battery provides months of op-
eration @ 400 Hz or 1000 Hz center frequency
available. Add %$3.00 @ UNCONDITIONALLY
GUARANTEED for one year from date of
purchase

MF) Enterprises, P. 0. Box 494, Miss. State, MS 39762, (601) 323-5869

b
- Vet

b Myl 33995
C-METER
Direct Reading Capacitance Meter $9495
® Reads from 100 Pf to 1 MFD 12 HR
® Linear Scale 4 Digit
e Internal 9V battery lasts 1 year Bright 14" Displays
® Fully assembled and tested Fully assembled
Special with purchase of C-Meter: Clock For Only $20. ppd

WEBER Electronics 1 Emcrest Terrace, Norwalk, CT 06850
203-853-4716

WE ARE NOW YOUR
AUTHORIZED DEALER
FOR THE ,

YAESU vuine

SASE will get our list of N.Y. Residents add Sales Tax.

ey, Amaewr faene. G F P COMMUNICATIONS ¥332'?£,?‘”f1§%°§.'}’j33 o,
k?éié?é'piiérﬁc"sﬁéﬁ?. DIV. OF CFP ENTERPRISES sat. ltﬁgo-‘lé:nnpﬁ.l";im

211 NORTH MAIN STREET 1:00-5:00 p.m.
HORSEHEADS, NEW YORK 14845 ;@ ;
PHONE: 607-739-0187 S

FT-101E TRANSCEIVER

82 [l march 1976

ELECTRONIC
ENGINEERS

RF COMMUNICA-
TIONS has immediate
openings for Elec-
tronic Project Engi-
neers and Design Engi-
neers experienced in
HF, SSB, VHF/UHF —
FM communications
equipment, or both.

Call or write
Ken Cooper, W2FLZ

(716) 244-5830

RF Communications Division

HARRIS

COMMUNICATIONS AND
INFORMATION HANDLING

1680 University Avenue
ARocheater, New York
WMEID US A

An fgual Doportundy [mpioper M

= FLASH: 1976
GREAT LAKES AREA

HAMFEST

Michigan State ARRL Convention
AT

Muskegon Community College
ON

MARCH 20, 1976

Come early — Wouf Hong initiation Fri-
day evening also Hospitality Room at
the Ramada Inn. Registration begins 8:00
A.M. Saturday.

Technical Forums — Net Meetings —
ARRL Forum — SWAP & SHOP SPE-
CIAL ATTRACTIONS.

e

Call WABGVK Convention

R Coordinator

616-722-1378

or write:

MUSKEGON
Area Amateur
Radio Council

P. 0. BOX 691
MUSKEGON, MICHIGAN
49443

== ===

More Details? CHECK—OFF Page 102
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FROM GENAVE

installed tune encoder (Incl.
GTX-100

146.94 MHz)

DBTX 200

2-meter FM, 100 channel combina-
tions, 30 watls (Incl. 146.94 MHz)

I:I GTX-100

1-%4 meter FM, 100 channel com-
binations, 12 watts (Incl.
223.5 MH1)

[Jemx-10s !
2-meter FM, 10 channeis, 10 watts ’ 1 wsl
(Xtals not included) I

D GTX-2

2-meter FM, 10 channels, 30
watts with pushbutton frequency
selector (Incl. 146.94 MHz)

D GTX-600

g-meter FM, 100 channel combina $
tions, 35 watts (Incl. 52.525 MHz) 1 4995|

!y
L 1249

1%a-Meter FM
100 Channel Combinations—12 watts

Separate controls for independent transmit and receive fre-
quency selection . . . Pre-selected paired frequency lock
allows one knob operation . . . Backlighted.

Down from $199.95 s 1 4995

(Incl. 223.5 MHz)
GTX- 600

6-Meter FM =
100 Channel Comblnallons—35 watts

Separate controls for independent transmit and receive fre-

Same as GTX-1, plus Factory
Installed Tone Encoder

D m.x “. l:lp‘eratl Auto l;fah

(Bat. not incl.)

quency selection . . . Pre-selected paired frequency lock (] Ringo Ranger ARX-2 6 db 2-M Base lnteﬂ:a
allows one knob operation . . . Rear panel external speaker @329.35 %
jack . . . Optional mic gain control and sub-audible tone mod ] Lambda/4 2-M and 6-M Trunk Antenna
possible. @ $29.95 %

Down from $199.95 $1 4995

(Incl. 52,525 MHz)

(] TE-l Tone Encoder Pad for
plug-in installation on most T
amateur transceivers @ $59.95 §___ Q

N STOCK
NOW ... GENAVE STOCKS MOST

COMMON 2-M CRYSTALS

FOR IMMEDIATE DELIVERY

These crystals can be used in most makes that employ the
following circuitry:

1 TE-Il Tone Encoder Pad for installation on

most HandHelds @$4995%
[71PS-1 AC Power Supply for use with all makes

of transceivers 14 VDC6 amps @ $6995%_

and the following standard crystals @ $4.50 each $_
Non-standard crystals @ $6.50 each: ! - S

For factory crystal installation add 8.50 per transceiver.

Transmit: .
12 times for use in 32 pf capacitance circuits
Receive: . ) . ) z
3 times for 10.7 MHz IF in 32 pf capacitance circuits (low side)

. RbCESSURIES FOR GTX-1 and GTX-1T
7 PSI-18 Optional Nicad battery pack
l__] 29.95 §
[ PS-2 Charger for GTX-1(T) battery pack
$39.95

Use This Handy Order Form [ GLC-1 Leather carrying case $1295 §

= Ge ~ e
il 4141 Kingman Dr., Indianapolis, IN 46226 C1 JEA Tone Encosr (or useoth STEL) o ,
l (317+546-1111) |
NAME . E—— — === — AMATEUR CALL
I Sub-Total: $ .
ADDRESS S CITY STATE & ZIP _
Paymerlt by TOTAL: §
Certrf-ed Check/Money Order [ | Personal Check []C.0.D. Include 20% Down {minimum order SIE 00.’
Note: Orders accompanied by personal checks will require about two weeks to
process. IN residents add 4% sales tax:)
20 % Down Payment Enclosed. Charge Balance To: g;} I"(’"\'-IdPﬂ:E, add 6% sales tax: | $
[]BankAmericard #_____ __ Expires_ orders shipped post-paid within continental U.S.
(1 Master Charge # Expires _ Interbank # (allow 8 ks delivery.) W

.-u..h---——--——--——-————

N N S N B ¥ CLIP OUT AND ORDER NOW NN SEEN SN BEEN NN BN MR CLIP OUT AND ORDER NOW pumm mam I S DD S o
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STEP UP TO TELREX

Professionally Engineered Antenna Systems
Single transmission line “TRI-BAND® ARRAY”

MONARCH AN

TBSEM/4KWP

ILLUSTRATION BALUN

ILLUSTRATION TRAP

By the only test that means anything . ..
on the air comparison . . . this array con-
tinues to outperform all competition . . .
and has for two decades. Here's why
. . . Telrex uses a unique trap design
employing 20 HiQ 7500V ceramic con-
densers per antenna. Telrex uses 3 opti-
mum-spaced, optimum-tuned reflectors
to provide maximum gain and true F/B
Tri-band performance.

For technical data and prices on com-
plete Telrex line, write for Catalog PL 7.

WORK THE W[IRLD!!!

WITH THE

CW TRANSMITTER
ALL SOLID STATE—MODEL 50

160, 80, and 40-M Plug-In Coils (included)
Built-In 120 VAC Supply
Built-In Antenna Relay r

Full Break-In Keying
Crystal Control /

e

5
OVERALL SIZE: 2% H x 5 'W x 8% 'D
ORDER DIRECT or write for FREE brochure

and name of nearest dealer.

MODEL 50K (KIT).......... $49.95

ADD-ON OPTIONS:

SIDETONE. 200-21K (KIT) ............ .. 5 595
KEYER, 200-22K (KIT) Cieie...$13.95
MODEL 50W {WIHED) ...... $69.95
ADD-ON OPTIONS:

SIDETONE, 200-21W (WIRED) .............. $ 8.95
KEYER, 200-22W (WIRED) $18.95

ADD 5210 SHIPPING & HANDLING, US.A

THE WORLD AT YOUR FINGER-
TIPS! SEND ORDER TODAY!

(PA. Residents Add 6% Sales Tax).
5, PHONE: 814 432-3647
3 BOX 185A * FRANKLIN, PA. 16323

ne HEATH HW and SB KIT OWNERS

2lo Do you want a sideband filter which 15 completely
compatible with your gear and offers up to 70 dB im-
provement over the original filter? We have it!

SUPERFILTER MK.1I

2100 Hz 6 dB Bandwidth
3100 Hz 60 dB Bandwidth
3800 Hz 90 dB Bandwidth

110 dB Ultimate Rejection

Look at the graph - compare your present filter with our
“frustration resolver” - then order one or write for more
details!

ONLY $125.00 DELIVERED IN US.A.

Long Green, Maryland 21092 U.S.A.

/ SIGNAL MANAGEMENT SCIENCES

ALDELCO SEMI-CONDUCTOR SUPERMARKET

RF DEVICES
2

N33TS 3 watt 400 MHr 550 ZNLOBO A watt 175 MMz 5.40

2N3B6E 1 wart 400 MHz 99 INL0AL 15 watt 175 MH:  BA5
24041 1 walt 400 MH: 525  2N60B2 25 watt 175 MMz 1095
2N5590 10 watt 175 MMz 7.80 INBOBY 30 waty 175 MH: 1230
ZN5591 25 watt 175 MH: 1095  2NGOBA 40 watt 175 MHr 1630

SILICON TUBE REPLACEMENTS

IN2637 Rep. Bbb, BbbA, 3828 complete 1t 9.80
IN2389 Replaces 5U4, 5Y3, Swa avallable 525
HEAVY DUTY RECTIFIERS

DO-4 10 Amp 100 welt a5 D0-B 100 Amp 200 valt 5,50
DO-5 40 Amp 50 volt &5 D09 250 Amp 200 ot 850
2 AMP EPOXY BRIDGE RECIIFIERS

100 Ucll Valt 45
200 Vol 5 -m Wit 55
200 Volt 25 AMP BRIDGE SPECIAL oNLY 49
2N2222 o INZOOT 5 555 TIMER 15
INIB19 FET 35 741 or 709 14 Pin DIP 25
FTO601 FET 99 2425V 150

2n5179 90  IENERS INT4h to INTB4 25
ZN54%9 or ING108 35  TENERS INAT26 to IN4TE4 35
n:,a 1NES lmn-t 1N4148 \n LM3IDGK Voltage Reguiator 1.1%
SPECIAL SPECIAL SPECIAL 1000 VOLT, 2 AMP RECTIFIERS RCA 99
WE QUOTE ON ANY DEVICE AT ANY QUANTITY. ALL ITEMS POST
PAID. MINIMUM ORDER $500. NYS agd tax. SEND STAMP FOR
FREE FLYER

ALIDEELLICIO

P. 0. BOX 341H LYNBROOK, N. Y. 11563

10 SIGHT

NOW — SEE MORSE CODE DISPLAYED —
AUTOMATICALLY — AT SELECTED SPEED —

One easy connection from your speaker to
the Alpha-Numeric Display of your Code
Reader CR-101. Displays all letters, num-
bers, punctuation. Operating speed 5-
50 WPM. Easy to use teaching aide.
Handicapped persons can learn new
skills, CR-101 large .6 in readout
— $225.00. CR-101A has small-
er .2 in readout — $195.00.
- TU-102 TTY interface pro-
= vides CR, LF, figures and let-
ters automatically — $85.00. 6 Month Guarantee
all Parts and Labor.

ATRONICS BOX 77, ESCONDIDO, CA 92025

Call me at
(714) 745-1971

84 march 1976

WOWI QUALITY 2 M. XMITTER

2 Channel Operation

Frequency Range 144.148 MHz

1 Watt Min.-2 watts typ.-Power Qut.-@ 12 Svdc
50 Ohm RF OQutput Impedance

B8x Multiplication Factor

Narrow Band FM * 5 KHZ

Rugged Balanced Em.lter Oulpul Transistor

Size 33" Lx1%"
Tested & Fully Msembleu (Less xtals)
$32.95 price includes all postage fees

R

ELPROCON

DEPT. DS . 1907 W. CAMPBELL
PHOENIX, ARIZONA 85015

More Details? CHECK—OFF Page 102
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Listed below is a Complete Mini-catalog from one of Amateur Radio's largest booksellers. Whatever your interest
in Amateur Radio or Digital Electronics you're going to find just the title you need in this list.

NEW BOOKS

[1 RADIO HANDBOOK - New 20th Edition
by William 1. Orr, W6SAI
Latest edition of this longtime favorite.
Covers virtually every phase of radiocom-
munications equipment and accessories.
A beautiful 1080 page hard bound book.
List $19.50
HR Special Only $18.50
[1 RADIO HANDBOOK — 19th Edition
Closeout Sgecial Just $9.95
| | REFERENCE DATA FOR RADIO
ENGINEERS — New 6th Edition
by ITT Staff
Just released, this latest update is one
of the most comprehensive reference
books around for radio and electronics
engineers everywhere. Covers everything
from Digital Computers to Semiconduc-
tors. 1260 pages, Hardbound.
List $30.00
HR Special Onla $28.00
[ ] REFERENCE DATA FOR RADI
ENGINEERS — 5th Edition
Closeout Special Just $14.95
[T HAM NOTEBOOK, Volume Il
by J. Fisk, W1DTY
More of the best from Ham Radio’s pop-
ular Ham Notebook column plus a num-
ber of items never published before. No
duplication of Volume |. Everything from
Antennas to Repeaters.
Only $4.95

[T HAM NOTEBOOK, Volume |
Only $3.95

MICROELECTRONICS

by Clayton Hallmark
A thorough introduction to the compact
world of microelectronics including many
projects and demonstrations of useful

clreutts. Only $4.95
BUGBOOKS

The exciting series that have been
leading the way into the exciting world
of Microprocessors and Microcomputers,
[1 BUGBOOKS | & 1l
Over 90 experiments teach the reader all
he needs to know about TTL logic to
interface microprocessor systems,

Just $16.95 per set
[] BUGBOOK IIA

An introduction to the fabulous UART
chip, the all important interface between
data terminals and your microprocessor.
Particularly valuable to RTTY enthusiasts.

Only $4.95
] BUGBOOK Il
Explore the 8080 Microprocessor chip pin
by pin and learn the operation of a typi-
cal Microcomputer, the Mark B80. It s
recommended that you have the back-
ground of Bugbooks | & Il or equivalent
before starting.

Just $14.95

ANTENNA BOOKS

'l THE ARRL ANTENNA BOOK
—13th Edition
Extensively revised. Covers both theory
and practical application of all types of
antennas for all amateur bands., DX'er,
Ragchewer or VHF'er you need this hook,
Only $4.00
[| ALL ABOUT CUBICAL QUAD
ANTENNAS
by William 1. Orr, WESAI
Long considered “"THE BOOK" on Quads
it has more information on these popu-
lar antennas than you will find anywhere
else. Everything you need to design,
build and adjust your Quad.
Only $3.95

1 BEAM ANTENNA HANDBOOK

by William 1. Orr, W6SAI
For many years this book has been the
bestseller on beam antennas. It covers
all areas of the subject, both theory

and practice.
Only $4.95

|HAM & CB ANTENNA DIMENSIONS
& CHARTS

by Edward M. Noll, W3FQJ
A handy booklet with all the dimensions
you need for amateur dipoles, verticals,
beams, quads, inverted-vee's and other
types of antennas. Vital to any antenna

xperimenter.
Only $2.25

FM & VHF BOOKS

'] FM AND REPEATERS
by The ARRL Staff
Everything is covered, Chapters include:
mobile installation, transmitters, receiv-
ers and antennas for mobile and base,
and fm test equipment. Sections treat
alignment and troubleshooting. If you
operate FM you need this book.
Only $3.00
1 THE COMPLETE FM 2-WAY
RADIO HANDBOOK
by Clayton L. Hallmark
Dedicated to all types of users of 2-way
VHF FM equipment, including Amateurs,
public service, and business. Includes
principles, circuitry, servicing and align-
ment and FCC rules. Highly recommend-
ed for any FMer.
Only $6.95

| VHF HANDBOOK
FOR RADIO AMATEURS

by Herbert S. Brier, WI9EGO &

William 1. Orr, WESAI
Covers VHF for both new-comers and the
old-timer. Includes such subjects as VHF
FM, Satellites, TVI, VHF antennas, plus
interesting construction projects.

Just $5.95

| | THE RADIO AMATEUR'S
VHF MANUAL

by Edward P. Tilton, W1IHDQ with

FM Chapters by Douglas A. Blakeslee,

WIKLK
This well know ARRL Manual gives a
thorough treatment of VHF. It covers
histary, theory and equipment for the
VHF Bands. Also discussed are antennas
and test equipment. FM is well covered.

Only $4.00
CALLBOOKS

Here are the latest 1976 Editions
[ 1976 U.S. CALLBOOK
Lists approximately 280,000 in the US
and its possessions plus many other im.
portant references and charts.
Just $13.95
[1 1976 FOREIGN CALLBOOK
Nearly 250,000 Amateurs throughout the
World (except the USA). Now nearly as
big as the US Edition — a wvital reference.
Only $12.95
Please add $1.00 per Callbook

hipping & Handling
RSGB BOOKS

Those ever popular books from the
Radio Society of Great Britain, Each
volume is very |horou§h and includes a
special insert giving US equivalents for
British vacuum tubes and transistors.

[ 1 AMATEUR RADIO TECHNIQUES,
5th Edition

by J. Pat Hawker, G3VA
Perhaps the most outstanding yet least
known title we offer, this book has some-
thing for everyone, This is an idea book
and you will find interesting items on every-
thing from Antennas to Semi-Conductor=

Only $6.95
| AMATEUR RADIO AWARDS
by C. R. Emary, G5GH
A listing of all the major international
operating awards. Describes over 90
awards including full details, plus in-
structions for applying. Also includes
vauable DX operating data.
Just $4.95

[1 TELEPRINTER HANDBOOK
New Low Price
by D. L. Goacher, G3LLZ and
J. G. Denney, GINNT
The larpest and most complete handbook
on RTTY ever published. Covers in detail
most popular page printers and auxiliary
equipment. Very thorough. Also mainte-
nance, adjustment and repair of each
model. Profusely illustrated. 360 pages,

hardcover.
Was $14.95
Now Just $12.95 ppd.
RADIO DATA REFERENCE BOOK
by G. R. Jessop, G6JP
One of the most complete compilations
of radio and electronic charts, nomo-
graphs, formulas and design data any-
where. Invaluable to any builder or

experimenter.
Just $3.95

[] TEST EQUIPMENT
FOR THE RADIO AMATEUR

by H. L Gibson, GBCGA
This beautiful hardbound volume includes
chapters on how to build test equipment,
chapters on how to use test equipment,
plus chapters on the theory of test

equipment.
Only $5.95
[1 TELEVISION INTERFERENCE MANUAL
by B. Priestly, G3JGO
Covers transmitter design, audio break-
through, testing and much more. Much
technical background to help you under-
stand the problems involved. Written to
cover British standards, but easily con-
verted to American use.
Just $3.50

COOKBOOKS

Here are those famous ‘‘How-to-do-it”
books particularly designed for the active
experimenter.

[ IC OP-AMP COOKBOOK

by Walter Jung )
Covers both general purpose and special
purpose devices. Dozens of useful appli-
cations and circuits. Data sheets for gen-
eral purpose Op-Amps and a Linear IC
cross reference guide 576 pames.

Only $12.95
[1 TTL COOKBOOK
by Don Lancaster
A real smash hit. Covers the background
you need to use these devices. Great
stress on the practical side. Excellent
r the experimenter.
foy S S Just $8.95

[ RTL COOKBOOK
by Don Lancaster
Although RTL is largely out of use

covers much

by now, this book still ]
valuable digital IC background and is
recommended.

Only $5.50
] ACTIVE FILTER COOKBOOK
by Don Lancaster )
The latest Cookbook. A practical manual
with everything you need to select and
build the best filter for your application.
Only $14.95

CLOSE OUT SPECIAL

[ | REFERENCE DATA FOR
RADIO ENGINEERS — 5th Edition
Here is your chance to buy a copy of
this world famous reference
book at an unbelievably low
price. We have just pur-
chased the complete inven-
tory of the 5th edition and
you can purchase one for
much less than its original
selling price,
This super complete refer-
ence covers wirtually all
phases of communications
in an invaluable guide for
the experimenter, student
or engineer. Don't miss this —
outstanding opportunity.
1196 pages - Hardbound y

Original List $23.00

ow Just $14.95

ham __

radi

Greenville, NH 03048

Please send the books | have checked
above. Enclosed is to cover
these books plus 25¢ per volume ship-

ping and handling.

Name Call
Address.
City State
ZIP
Save Time — Use your Masterchage

or BankAmericard and order by phone
603-878-1441

More Details? CHECK—OFF Page 102
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NEW SSB & CW FILTER

The NEW DE-103A CW/SSB
filter virtually eliminates
QRM & QRN on both CW &
SSB. Features include 100
hz CW filters, 1500 hz SSB
filters, 3 watt audio amp.,
and built in AC supply.
$59.95. Other CW & SSB
filters are available.

INCREASE YOUR TALK
POWER 10 TIMES
Our NEW DE-120 compres-
sor easily gives 10 dB or
more of speech compres-
sion without distortion al-
lowing you to cut through
QRM & QRN. Features in-
clude wvoice tailored re-
sponse for added punch and
solid state switching for
long battery life. Requires
two 9V batteries (Not in-
cluded) $59.95.
L]

Dynamic Electronics, Inc.

__ —r—

NEW POWER SUPPLIES

The NEW DE-110 digital and
linear integrated circuit sup-
ply has outputs of +15 V
at 100 ma, 15 V at 100
ma, and 5 V at 1 A. $59.95.

One year warranty and 15
day return privilege. Add $2
per order for shipping and
handling. Other equipment
is available. Write for new
catalog.

P. O. Box 1131

e

The NEW DE-112 regulated
supply has an output of 12
VDC at 1 A for solid state
$24.95.

Ef

equipment.

15 and 14 watt
5% RESISTORS
Values from 10 ohm through
1 Meg in multiples of 10,
12, lg. 18, 22, 27, 33, 39,
47, 56, 68, & B2. 4¢ each, 5
per value, Add 50¢ for ship-
ping. Quantity discounts &
assortments are available.

Decatur, AL 35601

ANALOG-DIGI-LAB

Features 3 Regulated
power Supplies. 3 Out.
put wave forms. 8 digi-
tal level switches. 2 no

YOUR BEST BUY IN KITS

FREQUENCY COUNTER

7 Digit 0-300 MHz

7 Digit 0-500 MHz Freq. Counter
Cabinet accessory package available for

$99.00
$139.00

Freq. counter

The Brimstone 144
is a delight to own
and operate. Write
NOW and ask about
our extras and for
6 page color brochure on "inside story'.
TWO YEAR WARRANTEE!
Amateur Net Price

4

$650.00

bounce pulser switches. above $24.95
8 LEDs with driv:rs.ol AP Super strip. ?;-'L?J?:g:"ifﬂicm:f 522‘
i t ted. i b RETS : ' x
E?esclt)l:cmcig"g:r#gofs_ esigned by DVM available about March patible with others $26.00
S P e Cheapy Clock Kit $12.95 ENCLOSURE, brushed alum-
Discrete basic clock kit $16.95 Electronic Dice kit $10.95 inum panel, rubber feet, at-
Function Generator Kit $10.95 = " tractive $10.00

WESTERN ELECTRIC MOD- Automatic Elec.
IFICATION $4.00 Pad & Enclosure

COMMUNICATION SPECIALTIES INC.

97 AMSTERDAM AVENUE
P. 0. BOX 471 WARWICK, R. I. 02889
401-738-3287

Send SASE for flyer. Featuring Electronic component and kits available.

HAL-TRONIX

P. 0. Box 1101 e Southgate, Mich. 48195
(313) 285-1782
SEE YOU AT DAYTON IN APRIL

WANT SOMETHING REALLY SMALL AND EFFICIENT? FREE CATALOG

HARD-TO-FIND PRECISION TOOLS

Lists more than 2800 items  pliers, tweezers,
wire strippers, vacuum systems, relay tools,
optical equipment, tool kits and cases. Also
includes ten pages of useful “Tool Tips™ to aid
in tool selection

@ JTENSEN TOOLS

Then you want the antenna that's known around the world
for 1t’s small size and superior performance
The Mini-Products Multiband HYBRID QUAD

ELEMENT LENGTH - 11 f1.

BOOM LENGTH - 54 INCHES
WEIGHT - 15 POUNDS

WIND SURVIVAL - 75 MPH
BANDS COVERED - 6, 10, 15 & 20
1200 WATTS P.E.P.

FEED LINE - 50 OHMS

4117 N. 441th Street, Phoenix, Arix. 85018

SST T-1 RANDOM WIRE ANTENNA TUNER

All band operation (160-10 meten) with
ma any random lengih wire. 200 wan
power capability. Ideal for portable or home
operation. A muit lor Fuld Day. Size 2 »
4% » 238 Budtn neon tune-up indscator
Guaranteed for 80 days Compact - easy 10
e only $29 95 povipaid (Add Sales
Taw sn Calit )

$109.50

1"t
threct
for |

mare

not stocked by your dealer order
say shipping in USA. Send
catalog of other models and

data

SST ELECTRONICS. P.O BOX 1, LAWNDALE, CA 90260

1001 W. 18th 5t. Ere, Pa. 16502

LOOKING
FOR

=
 SOHD STATE T PARTS?
&
k variabl itors, induc-
- BROADCAST QUALITY e Mo cchoe, e
PERFORMANCE AL FRAISMIETER IN STOCK: J. W. MILLER,
e === MILLEN, B & W, JOHNSON,
+ FOR TECHNICAL DATA i e HAMMARLUND, and others.
AND PRICING, Johnson 229-203 28 xh Roller In-

ductor $33.50 ppd.
Send First Class Stamp for Flyer

G. R. WHITEHOUSE & CO.

10 Newbury Dr. Amherst, N. H. 03031

WRITE TO: AM-1A RCVR MODEM

APTRON LABORATORIES =ox 323, BLoOMINGTON, IN 47401

86 march 1976
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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.

MUSKEGON AREA AMATEUR RADIO COUN-
CIL seventh annual hamfest and ARRL Mich-
igan State Convention on Saturday, March
20, 1976 at the Muskegon Community College.
Tickets are $2.25 at the door. The event fea-
tures: Net Meetings; Technical Forums. Com-
glata in-college dining facilities open all day.
arking free. Friday evening, March 19, at
the Muskegon Ramada Inn. Ham hospitality for
Eye-Ball S0'S and free libation. A Wouf
Hong initiation midnight Friday at the Ramada
for ARRL members. Further information from
Hank Riekels WABGVK, Box 691 Muskegon,
Michigan 49443 or 616-722-1378.

PAYING 5% OVER BEST OFFER for Eimac/
Varian tubes, ham and commercial gear, etc.
Ted Dames, W2KUW, 308 Hickory St., Arling-
ton, N. J. 07032. (201) 998-4246.

NEW JERSEY KNIGHT RAIDERS VHF Cilub's
auction and flea market Saturday, March 20th,
St. Joseph's Church of East Rutherford, Hobo-
ken Street,, East Rutherford. Free admission,
free parking, refreshments available. Talk-in
on 146,52 and 146.94. Doors open 11 AM.
Flea Market tables: $5.00/full table, $3.00/half
table. Reserve tables in advance by writing
Knight Raiders VHF Club, K2DEL, P.0. Box
1054, Passaic, New Jersey 07055,

MANUALS for most ham gear made 1940/65,
some earlier. Send SASE for specific quote.
Hobby Industry, W@JJK, Box H-864, Council
Bluffs, lowa 51501.

ARRL HANDBOOKS WANTED. 1st, 5th, 6th
and Bth editions to complete my collection.
Highest prices paid for copies in good con--
dition. Also need 13th and 14th editions of
the RADIO Handbook. Have many early Hand-
books and electronics/radio books for sale or
trade. Send SASE for list. Jim Fisk, W1DTY,
Ham Radio, Greenville, NH 03048.

STOP don't junk that television set. ASE man-
ufactures the world's most complete line of
television picture tubes. Owver 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 & Englinaering. Inc., Dept. 22,
Pimento, IN 47866. Telephone 812-495-6555.

R/9 AND RADIO MAGAZINES needed to com-
ete my library. Some duplicates available
or trade with other collectors. Also have
many early radio publications and Handbooks
for sale or trade. Send SASE for list. Jim
Fisk, WIDTY, Ham Radio, Greenville, NH
3048.

$B-104 OWNERS CLUB — Expanding its hori-
zons to include the HW-104 and the new Heath
2 meter equipments. Newsletter, builders
guides, modification information and other
services on current Heathkit amateur equip-
ments. Send SASE for details to Chuck Har-
rison, RD 2 Box 1, North Stonington, CT 06359.

HAM RADIO BACK ISSUES AVAILABLE. March
1968 (first issue), all issues from 1969, 1970,
1971. January through August and November
and December 1972, January, February, March,
1973. Write Ronald L. Wood, 620 - 113th Ave.
S.E., Waseca, MN 56093,

VERY in-ter-est-ing! Next 4 big issues $1. “The
Ham Trader,” Sycamore, IL 60178.

KLM PRODUCTS, Larsen ants., lcom, police
and fire scanners. Send for prices. Not given
over phone. Narwid Electronics, 61 ellot
Road, Ringwood, N. J. 07456.

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

LEARN CODE IN A FEW DAYS with audio
reflex method of teaching letters, numbers,
punctuation. One hour cassette only $7.00.
Guardian, 20 E. Main St., Ramsey, N. J. 07446.

STOLEN 2M FM transceiver from my car on
December 9, 1975 in Cleveland, Ohio. 1C-230,
serial #2403009. Rig was taken without mike.
Contact Ferd H. Nye, Jr., WABNXT, 31497 Hill-
iard Blvd., Westlake, OH 44145.

NOVICE, GENERAL AND CODE COURSES are
available at the Harrison, New York School of
Continuing Education. 10 two hour sessions
one evening a week. Contact George Buchanan
WB2FVX, (914) RO-1-4183.

REGENCY TMR-1H RECEIVER CASE comes
complete with transformer, speaker, front
panel controls, power plug, and mobile mount-
ing bracket. Makes a great case for any
mobile ham project! 12.95 2/25.00. Avel Elec-
tronics P.O. Box 4072 Rochester, New York

14610.

MICROPROCESSORS AT DAYTON. Don't miss
Ham Radio’s exciting one day Microprocessor
Seminars to be held on both Friday, April 23
and Saturday, April 24, Taught by profession-
als. Widely acclaimed as one of the outstand-
ing parts of this year's SAROC. Full details
in display ad in this issue or from Ham
Radio, Greenville, NH 0304B. 603-878-1441.

WANTED 33 ASR TELETYPE Must work per-
fectly. Price, condition, serial number. Brian
WA4REF (B0O3) B46-2519. 348 Ash, Laurel Bay,
SC 29902.

THE 21ST ANNUAL HAM AUCTION. America's
Largest. Saturday, March 13, 1976, at Lucas
County Recreation Center, Toledo, Ohio. Auc-
tion, flea market, commercial displays, prizes.
B:00 a.m. to 5:00 p.m. $1.50 advance, $2.00
after March 1st. Send SASE. Talk-in 146,52,
Toledo Mobile Radio Association, Box 273,
Toledo, Ohio 43696.

SELL: C-30, six channels crystals installed,
$300. 1C.22, $175.400B channelizer cabled for
IC-22, $175. Hy-gain 1BAVT/WB-A new, $50.
Slinky antenna, $20. All excellent condition.
1732 Willow Point, Shreveport, La. 71109.

CIRCUIT BOARDS. Artwork, negatives, etchings.
SASE for details. Karl Raup, WB40XG, Box
498, Springfield, Virginia 22150.

SIGNAL/ONE REPAIRS. KGBE. 415.548-1889.

RARS 1976 ANNUAL HAMFEST, April 11. For
g;é%gs write: RARS, Box 17124, Raleigh, N. C.

AUCTION: Saturday, March 20, 9 to 5 at the
DAV Bldg. Arena Drive, Trenton, New Jersey.
Take Exit 7-A off New Jersey Turnpike then
1-195 to Trenton Exit 2, Arena Drive, then 1.6
miles on Arena Drive. Talk-in on 84.24 and 52.
For more info call Carl 609-599-1868. No ad-
mission charge. 109% fee, 39, buy back and
$1.00 minimum. Proceeds to benefit Lawrence-
ville Repeater Group.

TELEVISION diagnostic repair course prepared
by master technicians. Lessons only $6.00
each. Optional matching one hour cassette
tape $6.00 each. Send for first lesson and
master index. Guardian, 20 E. Main, Ramsey,
N. J. 07446. —_—

TREASURE COAST BI-CENTENNIAL HAMFEST
Sat.-Sun. March 20-21, 1976. The “Biggest
Little Hamfest In America”. For info write:
K4QM, P.O. Box 3088, Vero Beach, Fla. 32960.

HOMEBREWERS: Stamp brings list of high
quality components. CPO Surplus, Box 189,
Braintree, Mass. 02184,

YAESU FT-101 SERIES OWNERS — Bothered
by strong-signal overload? Send dollar (credit-
able towards dues) for January Newsletter
containing very easy proven fix. International
Fox-Tango Club, 24BA Lake Dora, W. Palm
Beach, FL 33411

More Details? CHECK—OFF Page 102

NOW
is the time to order
YOUR

%

callbook

Don't wait until 1976 is
half over. Get your new
Callbooks now and have a
full year of the most up-to-
date QSL information avail-
able 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 of amateurs out-
side of the USA.

On dealer shelves NOW!

Foreign Radio
Amateur Callbook
DX Listings
$12.95

with

3 Service
Editions

$18.95

United States =
Callbook

All W & K
Listings

with

3 Service
Editions

$19.95

RADID AMMEUR"b k
ca ODO0OKn

h Dept. E 925 Sherwood Drive
Lake Bluff, 11l. 60044

Order from your favorite electronics
dealer or direct from the publisher. All
direct orders add 51.00 shipping and
handling per Callbook
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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 volt
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  purre

m P. O. Box 7776

San Francisco, CA 94119

./

INFOSTECH
Ll E =
® oo

INFO-TECH
MODEL 30 MORSE TO
VIDEO CONVERTER

CONVERTS RECEIVED MORSE CODE
FROM YOUR RECEIVER TO A VIDEO
PRINTOUT ON YOUR T.V., NO OTHER
DEVICES REQUIRED

FEATURES:

NO CRITICAL ADJUSTMENTS

ATTACHES TO ANY CW RECEIVER WITH
B.F.0. AND 3 TO 600 OHM AUDIO
SIMPLE LED TUNING INDICATOR
UNIQUE P.L.L. FRONT END INPUT FIL-
TER FOR SUPERIOR SELECTIVITY
AUTOMATIC SPEED AND WEIGHT AD-
JUSTMENT: TRACKS 8 TO 150 W.P.M.
SIMPLE CONNECTION TO YOUR T.V.
SET'S VIDEO AMP FOR EXCELLENT
CLARITY

PRINTS 8 LINES, FOR A TOTAL OF 256
CHARACTERS

TEXT SHIFTS UPWARDS AS MESSAGE
CONTINUES WITH AUTOMATIC CAR-
RIAGE RETURN AND LINE FEED
(Scrolling)

WILL ACCEPT PARALLEL ASCII WITH
STROBE FOR MICRO COMPUTER APPLI-
CATIONS

BUILT IN AC POWER SUPPLY

RTTY INTERFACE AVAILABLE WITH OR
WITHOUT VIDEO BOARD TO DRIVE YOUR
PAGE PRINTER (Extra Charge)

PRICE $299.50 DELIVERED IN CONTI-
NENTAL USA

WRITE FOR BROCHURES

INFO- TECH INC.

CHESTERFIE LD MISSOURI

P. O. BOX 8
=

63017
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CANADIAN JUMBO SURPLUS and Parts Cata-
logs. Bargains Galore. Send $1. ETCO-HR, Box
741, Montreal "A" H3c 2V2.

WANTED: Manual for Philco visual alignment
generator model 7008. Will buy, copy and re-
turn or pay for copying. Also want Heath
monitor scope HO-10 and Ham scan. John
Dillon, KH6FMT, Box 758, Koloa, HI 96756.

ROCHESTER HAMFEST 1976 is Saturday, May
22. Your name added to mailing list or infor-
mation — write: Rochester amfest, Box
1388, Rochester, N. Y. 14603

COLLINS R-390A $500. 51S:1 military version
edge lit front panel $800. Both mint con-
dition and just aligned. David Ross Box 1502,
San Luis Obispo, CA, 93406, B05-541-0794.

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

OLDIE BUT GOODIE. Sell Collins 16F11 trans-
mitter with original manual. Built 1947. Also
sell SP1600 receiver, needs work. Make an
offer. John Ross WA4LJR, Rt #1, Box 9
Mcintosh, ALA. 36553 205-944-2449.

MOTOROLA HT220, HT200, Pageboy, and other
popular 2M FM transceiver (Standard, Regency,
etc.) service and modifications performed at
reasonable rates. WA4FRV, (B02) 272-8403.

KENTUCKY HAM-O-RAMA — Sunday, May 30
(Memorial Day Weekend) at Boone County
Fairgrounds, Burlington, Kentucky. 10 minutes
south of Cincinnati, Ohio near |75, Prizes
forums, XYL program, exhibits, flea market.
Tickets $1.50 advance. Info: NKARC, P.O. Box
31, Fort Mitchell, Kentucky 41017.

PC BOARD negatives made photographically
from your or magazine's art work. Now obialn
professional results quickly, simply. 4 5,
$3.00 or SASE for information. WA4FRV, 10139
Apache Road, Richmond, Virginia 23235. 804-
272-8403,
BUY-SELL-TRADE. Write for free mailer, give
name, address, call letters, Complete stock of
major brands, new and reconditioned equip-
ment, call us for best deals. We buy Collins,
Drake, Swan, Etc. SSB & FM. Associated
Radio BO12 Conser, Overland Park, Ks. 66204
913-381-5901.

TRAVEL-PAK QSL KIT — Send call and 25¢;
receive your call sample kit in return. Samco,
Box 203, Wynantskill, N. Y. 12198.

MOD-U-LINE CABINETS type used for ST-6.
All sizes available. More info? Send SASE
NuData Electronics, 104 N. Emerson, Mt
Prospect, IL 60056.

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.

WANTED: Would like to contact “Home-
brewer” in San Francisco Bay area. Exchange
ideas etc. Wayne Hale, WAGLCW 839 Mendo-
cino Ave., Berkeley, CA 94707. 525-5702.

UNSCRAMBLE POLICE CODE with decoders.
Works on all scanners and receivers. Guar-
anteed, For prices and brochure write: Don
Nobles, Rt. 7, Box 265B, Hot Springs, Ark.
71901. 501-623-6027 tDeafEr inquiries invited).

MOTOROLA HT-220 6-freq. Slimline, two nicads
charger, %300 or offer. Howard Wascher
WBBQHQ, 1500 School Street, Calumet, Mich,
49913,
QRP TRANSMATCH for HW7, Ten-Tec, and
others. Send stamp for details to Peter Mea-
cham Associates, 19 Loretta Road, Waltham,
Mass. 07154,
BUY NOW AND SAVE: Introductory offer of
the MCC 103 dual regulated power supply.
Features two independent supplies in one low
profile enclosure. Each supply provides 0-26
VDC and variable current limiting from 20-250
MA with LED's used for indicating a current
limit condition. Individual supplies may be
connected in series or parallel, Voltage and
current is displayed on a flush mounted analog
meter. Mow only $65.00 assembled. Regulator
board with instructions for building a 200-2000
MA single supply is available separately for
$17.00. Postage and handling not included.
For more information write Mid-Continent
Communications Company, P. 0. Box 4407,
Kansas City, Missouri 64127.

UHF -
FM RCVR KITS

e MORE FOR YOUR MONEY!

e COMMERCIAL TYPE DESIGN!

e IDEAL FOR REPEATERS,
MONITORS

COMPARABLE FM TRANSMITTERS NOW
AVAIL. ALSO PREAMPS, CONVERTERS,
SCANNERS, TEST EQ.

SEND SASE FOR FULL CATALOG —

hamtronics, inc.

182 BELMONT RD., ROCHESTER, NY 14612

MILITARY
SURPLUS WANTED

Space buys more and pays more. High-
est prices ever on U.S. Military sur-
plus, especially on Collins equipment
or parts. We pay freight. Call collect
now for our high offer. 201 440-8787.
SPACE ELECTRONICS CO.
div. of Military Electronics Corp.
35 Ruta Court, S. Hackensack, N.J. 07606

BIRD WATTMETERS
ELEMENTS & LOADS
AUTHORIZED DISTRIBUTOR

WEBSTER COMMUNICATIONS

115 Bellarmine, Rochester, Mich. 48063
313-375.0420

we have 'em, too!

. . and they cost lessl_..
(See .I? other ad — This issue)

G. R. WHITEHOUSE & CO.

10 NEWBURY DRIVE
e AMHERST, N. H. 03031

More Details? CHECK—OFF Page 102



Glade Valley School Radio Session

17th Year — July 31 thru August 13, 1976

Restructuring is coming!
Get that license now!

Let the experienced staff from the
Glade Valley School Radio Session
help you solve that license problem.
Whether you are looking for your
General, Advanced or Amateur Ex-
tra ticket the[: will help \rt)u in
every way with their carefu ly pre-
pared program to get the license
you are looking for.

Have a “Vacation with a Purpose”
at this beautiful location in the Blue
Ridge Mountains. A highly quali-
fied staff and excellent facilities
combine to make license study a
pleasant memorable experience.

C. L. PETERS, K4DNJ, Director

P. 0. Box 458, Glade Valley, N. C. 28627
Please send me the Booklet and Ap-
plication Blank for the 1976 Glade
Valley School Radio Session,

I
1

I

]

1

]

]

L)
Name - Call —
|

1]

1

'

]

Address_
City/State/Zip.

We’re Fighting
Inflation

No Price Rise
for '76

FOR FREQUENCY STABILITY

Depend on JAN Crystals. Our large stock
o! quartz crystal materials and com:
ponents assures Fast Delivery from us!

CRYSTAL SPECIALS
Frequency Standards

100 KH; (HC 13/U) $4.50
1000 KH, (HC 6/U) 4.50
Almost all CB sets, TR or Rec $2.50

(CB Synthesizer Crystal on request)
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
order. No dealers, please

L

Div. of
Bob Whan & Son Electronics, Inc.

More Details? CHECK—OFF Page 102

the first name i in solid state ‘

2 METER 5530 220 MHz St
GMETER &L 1 440 MHz Cctum

C »

FEATURING THE...

f

HR-2B

The Master in 2 Meter FM

Positive performance at a
practical price makes our
HR-2B tops on 2 meters.
Individual trimmer capacitors
give bull's-eye accuracy for
working repeaters or point-to-
point. The .35:V sensitivity and
Hi/Lo power switch insure your
hearing and being heard . . . clearly

12 Channels
15 Watts

$22900 Amateur Net and reliably . . . the Regency way.

=

J

.AND THE

UHF—The Ultimate in FM

440 is fresh . . . it's new . ..
and with our HR 440 you can
use UHF without using-up your
budget. So, pioneer some new
ground! Put a compact HR 440
under your dash or at your desk.
It's the best way to usher yourself

12 Channels

10 Watts into UHF.

$34900 Amateur Net

A

A
wilsr
=

© 1976 EQ_C{“ €MCY_ELECTRONICS, INC.

7707 Records Street

Indianapolis, Indiana 46226
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FREE CATALOG . . ...

lists hundreds of items included in
Giant Stock Reduction Sale.

Here's your chance to equip your Ham
Shack with a very professional level of
equipment at FABULOUS SAVINGS!

This Month's Special

DEI Spectral Display Unit, Model
TDU-4 — 30 MHz center frequency
— Bandwidth is 3 MHz.

1y

0.
: " New in factory cartons
€. ?295.00

Other Display Units include TDU-3, Nems Clarke/
Vitro Model SDU-200, —300 — Center freq. 30
or 21.4 MHz (Specify) — New and Used —
Prices range $95 - $295.

TEKTRONIDC

Scope Sale

Here's a partial list of our reconditioned and

FULLY GUARANTEED scopes. Prices are for Main

Frames. See below for partial listing of vertical amps.
95.

MODEL 531 $395.00
535 h 495.00
541 445.00
551 595.00
555 795.00
581 $695.00
585 .00
Vertical Amps (purchased with above)
L Plug in $ 85.00
CA Dual Trace $145.00

M Four Trace
Others

$ 65.00 & up
BankAmericard & COD Welcome
Electronic Equipment Bank, Inc.
516 Mill Street, N.E. Vienna, Virginia 22180
(703) 938-3350

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. 10376
BOX 469, QUINCY, MA. 02169
PHONE: (617) 471-6427
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HAM RADIO CLUB NEEDS EQUIPMEN‘!’ _
St. Johns Univ., Jamaica, N.Y.C. 11439.

GREATER BALTIMORE HAMBOREE, Sunday,
April 4th at 9:00 a.m. at Calvert Hall College,
Goucher Blvd. and LaSalle Road, Towson,
Maryland 21204. (1 mile south of Exit 28
Beltway - Interstate 695) Prizes, flea market,
registration $2. 250 tables inside gym. Over
1000 attended last year. Info: Contact Brother
Gerald Malseed, W3WVC at the above address.

ANTENNAS: Dipole, multiple band arrays. 15
thru 75 meters from $59.50. Mobile Antennas
— CB, 20M, 40M, and 2M from $19.50. Baluns:
1:1 and 4:1 - $12.95 ea. Data Available. Savoy
Electronics, Inc., P. O. Box 5727, Ft. Lauder-
dale, Fla. 33310.

HEATHKIT SB310 with speaker AM and SSB
crystals excellent condition $200 or best offer.
Will trade for SB200. Paul Rokoff, WB2VLM,
171 So. Main Ave., Albany, N. Y. 12208.

SIDESWIPER only $13. Airmailed USA. Kungs-
import, Box 257, Kungsbacka, Sweden,

ROCK RIVER HAMFEST. April 25, Amboy, -
nois. Lee Co. 4-H Center, Jct. 30 & 52, Same
place as last year. For further details see
hamfest calendar. $1.00 advance, gate $2.00
Write Carl Karlson, W9ECF, MNachusa, Illinois

DRAKE TR4 TRANSCEIVER, RV4 remote VFO,
and AC3 - $525. N. Keedy, 175 Beacon St
Boston, MA 02116.

RECONDITIONED TEST EQUIPMENT for_ sale.
Catalog $%.50. Walter, 2697 Nickel, San Pablo,
Ca. 94806,
COLOR VIDEO TAPE RECORDER plays up to
100 minutes of 14" tape, brand new; $250.
TV camera, B/W for above VTR or may be
used separately, brand new; $150, Above ideal
for SSTV, ATV, or home use. Video Tapes:
$5. Sony Color Video Monitor $350. New sharp
Color Receiver/monitor $400. Cartrivision own-
ers; get on mailing list for coming newsletter,
Stamp to: WELVY, 5835 Herma St., San Jose,
Calif. 95123,

ARE YOU READING HR REPORT? Here is Am-
ateur Radio's only national full coverage
weekly publication. It's the one that keeps
the well informed well informed. Just $16.00
for 52 issues via first class mail. HR Report,
Greenville, NH 03048.

WANT 2M CRYSTALS FOR GENAVE. WAGGER,
3241 Eastwood Rd., Sacramento, Calif. 95821.

MOBILE IGNITION SHIELDING provides more
range with no noise. Available most engines
in assembled or kit forms, plus many other
suppression accessories. Free literature. Estes
Engineering, 930 Marine Dr., Port Angeles,
WA. 98362.

RTTY — HAL RVD 1002 — RKB-1 — HAL TU
— All new package $600. Send SASE for list
— HP test gear, RTTY mods 19-26-14, 2 meter
ear. KERWO/2, J. Caretti, R. D. 2, Killey Rd.,
azenovia, N. Y. 13035.

T.V. — SERIOUS EXPERIMENTERS — R.C.A.
military image orthicon system, camera, sync
unit, power supply, 7" monitor, 600 lines res-
olution. Info, Peter S. Ger 34 Newcomb Dr,,
New Providence, N. J. ”'&;4

IC APPLICATIONS MANUAL — Analog/Digital
$3.95. Digital IC manual - latest edition-3000
latest types/pinout diagrams/cross references
$6.55. Electronetics-HRM, P. 0. Box 127,
Hopedale, MA. 01747.

NEW CANADIAN MAGAZINE. "Electronics Work
Shop". $5.00 yearly, sample $1.00. ETCOB,
Box 741, Montreal, H3C 2V2.

25th DAYTON HAMVENTION at HARA Arena,
April 23, 24, 25, 1976. Technical forums, ex-
hibits, and huge flea market. Program bro-
chures mailed March 8th, to those registered
within past three years. For accommodations
or advance flyer, write Hamvention, P. O. Box
44, Dayton, Ohio 45401.

TRADE: R-1051/URR for T.827/URT. WAGFAD,
528 Bonita, Pleasanton, California 94566.

NEW RF WATTMETERS FOR SALE: Dielectric
Communications Model 1000, $125; elements,
$35. Direct replacement for Bird 43, accepts
all 43 type wattmeter elements. Call Tucker
Electronics Co. Toll Free, B800-527-4642. In
Texas call (214) 348-8800.

200 MHz COUNTER

100 MMI COUNIEE

25 MHz Basic Counter becomes 200 MHz with
built-in prescaler, These complete kits include all
parts, drilled & plated PC Boards, cabinet,
switches, hardware & a complete instruction
manual.
8 Digit LED Display
Resolution to 0.1 Hz
Xtal controlled time base
Selectable gate times
Input Z: 1 megohm (25 MHz)

50 ohm (200 MHz)
Sensitivity: 50mV (25 MHz)

150 mV (200 MHz)

25 MHz Complete Kit $149.95
200 MHz Complete Kit $169.95

900 MHz PRESCALER

Extend the range of your present frequency
counter to measure through 500 MHz (typically
525 MHz). Works into any standard counter rated
for 5 MHz or higher. A must for work on 2
meters, 432 MHz and commercial high bands.

* 150 mv sensitivity
* Input overload protected
* 50 ohm input Z
Small size

234" x 24" x 1%"”
BNC connectors
Divide by 100 or 10
* Light blue case
* Model PS-2A $99.95

Prescaler shipped assembled, tested and ready to
operate. Complete with line cord power supply.
Call or write for details on these products. Add
$2.00 shipping/handling in U.5.A.

DAVIS ELECTRONICS

636 Sheridan Dr., Tonawanda, N. Y. 14150
716/874.5848

the action and
adventurein
amateur radio:

WORLD RADIO

—monthly publication—

trial subscription
next 2 issues $1
2120 28th St

Sacramento, CA NEWS'
95818 —W6AJY

POWDER TOROIDS

Chart showing ut per 100 turns

MIX 2 MIX & MIX 12 | SIZE| PRICE
CORE | 5-30MHz |10-90MHz | 60-200MHz| OD | USA
SIZE u=10 w5 =4 (in.) §
| T-200 | 120 200 1 3% |
L 1106 1 100 130
180 1 50 80
T-H8 37 47 £5
T-50 al o
T-25 KL 2z 12 40 |

Ferrite beads 20-500 MHz $2.00 Doz.
Wideband chokes 20-500MHz 95¢ Ea.

Specily core size and mix, Pack and shlp_ 50¢
USA & Canada, Air parcel post delivery
worldwide $2.00. 6 percent tax in Calif. Send
for free brochure.
PALOMAR ENGINEERS
BOX 455 ESCONDIDO CA 92025

More Details? CHECK—OFF Page 102



Pedestrian Portable? FM or SSB or both
— To mate with the 1C-202, or your old
FM HT, new goodies from SCS.

Sidekick Linear Portable System — 3
watts in, 30 watts out . e $219.95
And NEW Amps for FM and SSB modes:
2M3-30L, 3 watts in, 30 watts out $109.95
2M3-140L, 3 watts in, 140 watts out $199.95
NEW! 6 Meter Amp. Model 6M10-100L,
10 watts in, 100 watts out $169.95
And for easy carrying:

DX ‘J' Collapsible for 2 meters, including
cable (specify connector) . . $34.95
Write now or contact your nearest dealer!

Specialty Communications Systems

4519 Narragansett Avenue
San Diego, CA 92107
Louis N. Anciaux, WBENMT
(Dealer inquiries invited.)

714-222-8381 ﬂ'

T

DIPI]LE .~ ANTENNA CONNECTOR

HYE-QUE (HQ-1) dipole connector
has coas 50239 socket molded into

zl.u\ filled  plastic body to accepl
ra

PL259 plug on feedline Drip
lh l!!‘u\ coas ttings dry. Instruc
tons included. Guaranteed. Al your
dealers or  $3.95 postpsid. Com
panion insulatars 2/$.99,

BUDWIG MFG. Co. ro ox 971 ramana. ca 92065

CASH FOR 2-WAY FM RADIO

MOTOROLA, GE, RCA, ETC. EQUIPMENT
MOBILES, BASES, PORTABLES, MOBILE-
TELEPHONES, REPEA‘I’ERS, REMOTE CONTROLS,
TONE EQUIPMENT, 2-WAY TEST EQUIPMENT
Operational Units Only
Commissions/Finders Fees
CAL-COM SYSTEMS, INC.
701-51A KINGS ROW, SAN JOSE, CALIF, 95112
Telephone 24 Hours 408/998-4444

STOCK UP ON IC'S NOW!
BUY $50 WORTH; THEN
PICK $50 WORTH FREE!

Jan. & Feh. Ads Still In Effect

For Complete Parts Listing
Send SASE to:
WEIRNU

P. 0. BOX 942
COLTON, CALIF. 92324

More Details? CHECK—OFF Page 102

VDL 2 meren b
TRANSCEIVER

FACTORY
DIRECT
$ 645.00
complete,
including
domestic
shipping

© [EEEEE :E]o

i (legg rm-ox

0000 ©

ranta A

—— SYNTHESIZED

143.5 to 148.5MHz in 5KHz STEPS

Phone toll free today for
descriptive literature on the
FM-DX and other CLEGG products. |

Cleqy.

208 Centerville Road, Lancaster, PA 17603
Toll free sales & services - Phone (800) 233-0250
In Pa. call (717) 299-7221 (collect)

Study These Features
on SHUR-LOK

Hump Mount . .. THEN
LOCK THAT PRECIOUS

U.S. PAT. #3410122

RIG! $2995

® Cannot be pried loose — Spe-
cial mounting bolts, screws,
and tinnerman nuts prevents
removal regardless of force ap-
plied except with keys provided.

Plus $2.00 Shipping

and Handling.

Combines hump mount adjust- . -

able brackets and wrap around Dealer Inquiries Invited.

lock. For info on other models, see last issue of
Tempered steel no-pick lock — Ham Radio or write.

chrome plated finish — quality

construction prevents picking or QRDER TODAY FROM:

cutting.

seaiaty tines i woc PrUitt Enterprises

wrinkle. ’
) ) Nat'l Manufacturer's Representative
Send us height and width di-

mensions of your radio with BOX 41H3
your order. TONOPAH, NV. 89049
702-482-3473

Satisfaction Guaranteed.
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The ﬁbbular
CUA 64-12
by Heights

Light,
permanently
beautiful
ALUMINUM
towers

THE MOST IMPORTANT
FEATURE OF

YOUR ANTENNA

IS PUTTING

IT UP WHERE

IT CAN DO

WHAT YOU EXPECT.
RELIABLE DX —
SIGNALS EARLIEST IN
AND LAST OUT.

ALUMINUM

Complete Telescoping
and Fold-Over
Series available

Self-Supporting

Easy to Assemble
and Erect

All towers mounted
on hinged bases

And now, with motorized options, you
can crank it up or down, or fold it
over, from the operating position in
the house.

Write for 12 page brochure giving doz-
ens of combinations of height, weight
and wind load.

ALSO TOWERS FOR WINDMILLS

HEIGHTS

MANUFACTURING CO.

In Almont Heights Industrial Park
Almont, Michigan 48003
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BRAND NEW CARTRIVISION COLOR VIDEO
RECORDER-REPRODUCER ELECTRONIC UNIT.
Contains power supply with adjustable, regu-
lated outputs of * 10 to =+ 18 VDC.
(+ 15 VDC @ 1% amps) Third output is 10
VDC at 3 amps. Perfect for CMOS, TTL, Op-
Amps and MICROPROCESSORS. Contains over
900 parts with extremely long leads. Includes
182 transistors, IC's, diodes, and FET's, num-
erous resistors, capacitors, crystals, inductors,
varicaps and delay lines. (One 63.5 micro-
second, precision, quartz, acoustically coupled
delay line which stores one line of TV.) Tran-
sistors will operate in HEATHKIT TV's. Sche-
matics and semiconductor cross reference
supplied upon request. $19.95 | $1.50 ship-
ping. 50¢ for brochure. Madison Electronics
Company, Inc., P. 0. Box 369, Madison, Ala-
bama 35758. Money back guarantee.

MOULTRIE AMATEUR RADIO KLUB 15th an-
nual hamfest, April 25, Wyman Park, Sullivan,
Ilinois. Indoor- outdoor market. Advance tick-
et sales by mail only, $1.25 or $1.50 at gate.
Write: MARK, P. O. Box 327, Mattoon, Ill. 61938.

FIGHT TVl with the RSO Low Pass Filter. For
brochure write: Taylor Communications Manu-
facturing Company, Box 126, Agincourt, On-
tario, Canada. MIS 3B4.

ANNOUNCING NEW KLM LINE — FM xcvrs
— Multi 7 — 22 channel and 1 private chan-
nel $239.00, Multi 11, 23 channel and 4 chan-
nel scan $325.00, Multi U-11 23 channel and
4 channel scan $379.00. More 2 mtr amps.
220 amps, 432 amps, Multi 2000 (with LSB)
$679. Echo lls, Echo 70cm. Also Alpha Amps.
Larsen ants., Regency Bearcat, Tennelec. Call
or write for discounts. Also package deals on
KLM xcvrs with amps. 201.962-4695. Narwid
g_lﬁcsiéonics. 61 Bellot Rd., Ringwood, N. J.

TELETYPE PAPER NEW, Fresh from the milll
4147 rolls white or canary. For all friction
feed Teleptype machines. $20/ case of 12.
Buy 5 cases, only $18 each. ZTY-RTTY Paper
Co., Box 147, Corunna, Mi. 48817

WANTED: Inoperative Collins R390A to repair
and maintenance of my R-390A. Ed Wagner,
1018 Birch Haven Cir,, Monona, Wis. 53716.

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 THS5.TG demodulator, $125.00. Atlantic
Surplus Sales, 3730 Nautilus Ave,, Brooklyn,
N. Y. 11224, Tel: (212) 372-0349.

TECH MANUALS — $6.50 each: SP-600JX,
URM-25D, 0S-8B/U, BC-348JNQ. Thousands
more available. Send 50¢ (coin) for large list.
W:BIHID. 7218 Roanne Drive, Washington, D. C.
20021.

RTTY — NS-1A PLL TU (RTTY Journal 1/76).
Improved version, AFSK, FSK. Wired/tested
$29.95 ppd. SASE for info. Nat Stinnette Elec-
tronics, Tavares, FL 32778.

JOHNSON KW MATCHBOX with SWR $175.
SBE-34, mike, vox, calib., new cabinet, recent
factory alignment $260. I'll pay shipping.
WAGDCW, 4804 Huron, San Diego, Ca. 92117.

SL CARDS — Something completely different.
othing even close to it on the market! Sam-
gg%sdroi’ﬁt. WS5UTT, Box 1171D, Garland, TX

BUY — SELL — TRADE Transmatch and amp-
plifier components. New Johnson 229-203 in-
ductor for Ultimate transmatch $28, new and
used air variable capacitors, counter dials,
vacuum wvariable capacitors, UCS-300 $35,
power tubes, sockets, chimneys. Send post-
card for big list of components. Dennis Hoff-
man, Box 236, Pemberton, N. J. 08068.
TELETYPEWRITER PARTS, %ears. manuals, sup-
plies, tape, toroids. SASE list. Typetronics,
Box B873, Ft. Lauderdale, Fl. 33310. Buy parts,
late machines.
IMMEDIATELY AVAILABLE several Collins 7553C
receivers in factory cartons, regularly $1200,
now only $995.00 each. Hammarlund HQZ215
solid state HAM BAND/general coverage re-
ceiver mint, at $325. Send self addressed
stamped envelope for large list of used gear
to: HCJ Electronics, 8214 E. Sprague, Spokane,
WA 99208. Phone 509-924.2343.

TELL YOUR FRIENDS about the BIG NEW Ham
Radio Magazine!

New! The Finest

Communications Filter Available

«D
=y

\
»

FOR ALL MODES!

AT LAST! An “infinitely-variable" active audio
filter for operators who demand the best re-
ception in all modes, * Adjust its frequency
CONTINUOUSLY from 250 to 2500 Hz in all 3
positions. Instantly zero-in on signals or op-
timize response! « Peak CW, voice, etc. with
selectivity variable from a super-narrow 50 Hz
to flat! = Reject whistles, CW, etc. with a
deep, adjustable-width notch. = Reject SSB,
AM, FM hiss and splatter in the sharp-cutoff
lowpass position. = Don't confuse the QF-1
with simple designs. It has B0 dB skirts,
notch to 70 dB, 8 IC op amps and a 1 watt
spkr. amp. No batteries to replace. Just plug
into your phone jack! Ready to improve your
Yaesu, Collins, Swan, Drake, S/1, Tempo, Atlas,
Kenwood, etc.—any rcvr or xcvr made!
Model QF-1 “The Finest™ 115 VAC. 5xdx3lz"
$52.95
Model QF-2. Basic filter board less pwr. amp.,
etc. 6 to 30 VDC. Install in rcvr. Instructions
$32.95
SHIPPING: Add $1.70 in US,, ?2 70 in Canada
Add 10% outside N. Amer. (Airmailed). 1 yr
warranty.

FREE BROCHURE AVAILABLE

AUTEK RESEARCH
BOX 5290 H, SANTA MONICA, CA. 90405

A.RRL.
SOUTHWESTERN
DIVISION

CONVENTION
APRIL 9.10.11

Tucson, Arizona

PO.BOX 12261
TUCSON, AZ.85732

SUB-AUDIBLE GENERATOR
for FM

* Inexpensive multi tone
system

* Compatible with PL-
L~ C

THE CUBE

* Low distortion sine-
wave

* Adjustable frequency
(98-250 Hz), Lower
available

* Rugged, plastic en-
cased with leads, easy

Subox B in,

to mount Lyle Products
. Inpult 8&18 vDC un- P.O. Box 2083
regulate:
P Santa Clara Calif.
* Excellent stability 9SOE!
Price $19.95

Calif. res. add 69%
Freq. set at factory $5.00 extra
Send for more information

More Details? CHECK—OFF Page 102




LEARN RADIO CODE

THE EASY WAY!

Based on modern
psychological techni-
ques — This course will
take you beyond 13
w.p.m. in
LESS THAN
HALF THE TIME!

5 ® No Books To Read
Album contains e No Visual Gimmicks

" ’ To Distract You
three 12 LP S' ® Just Listen And Learn
2% hr. instruction

Available in Cassette also for only $10.95.

EPSILON [¥] RECORDS

508 East Washington St., Arcola, IL 61910

New England’'s Friendliest
Ham Store — “‘Stop by and see us".

TUETS

RADIO ELECTRONICS

386 Main Street, Medford, Mass. 02155

Write today
for brochure on:
CTC  UHF/VHF

radio
Everything from Set to Signal ! HIGH POWER
2602 E. Ashlan De t. H TRANSISTORS
Fresno, Calif. g
(209) 224511 l

twin & valt,
25-54 MHz less cables, control head, mike — Ship
wt, 25 Ibs. $49.50

T41D, 25.54 MHz, 12 volt, less cables, control head,
mike Ship wt. 65 Ibs. $39.95
C!.BLES control head mike for above units $10.95
REPERF. TAPE TELETYPE, 11/16 inch — Box
of 10 rolls — Ship. wt. 12 Ibs. §2.50
We Buy Surplus Stock — Send S.AS.E. For Latest
Sale Sheet — Above Prices FOB Harrisburg.

FRANK ELECTRONICS 202TTER Fos
See whal an SASE n bnng

4.
THE BIG LIST 6 1?_%(
BNERS & SELLERS )Oo

517 536 B???

Govt. SURPLUS
ELECTRONIC
EQUIPMENT

CATALOG

New ITEMS . . . New BARGAINS!

FREE UPON REQUEST!

you haven't recewed our new Cata
write !. 1 copy today. Address: Dept. HR

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 + LIMA, OHIO - 45802

More Details? CHECK—OFF Page 102

An invitation to join

Art

onau

Tired of push-button

QSO0Os? Then the excitement

of Argonauting is for you! A challenge?

Of course. The test of an operator? Perhaps. But above all it is the thrill

of working the world with five watts.

The club is exclusive but if you enjoy the spirit of conquering distance

with lower power, you are "in". There are no dues — just $329.00, the

price of an Argonaut. Join more than two thousand fellow members

with Argo fun. Your membership awaits you at most ham dealers.
Argonaut 509 $329.00

ACCESSORIES:
Model 205—Antenna Tuner $ 9.95
Model 206—100 kHz Crystal

Calibrator . $26.95
Model 208—CW Filter $£29.00
Model 210—0ne Ampere Power

Supply $27.50
Model 215P—Ceramic

Microphone $29.50
Model KR5-A—Keyer $38.50

For further information, write

[ell

TEN-TEC

SEVIERVILLE, TENNESSEE 37882
EXPORT: 5715 LINCOLN AVE
CHICAGO. ILLINOIS, 60646

SSB...CW...FM...80-10...VHF...UHF

<M. ERicom -hugain  wusfuen CI.E"I:I"U“' @
PERSONALIZED SERVICE FOR ALL YOUR AMATEUR NEEDS

New Equipment Used Equipment FM Transceivers
Transmitters Publications Preamps

Receivers OSCAR Antennas Mobile Antennas
Keyers Coax Beams

@l SPECTRONICS INC.

1009 GARFIELD STREET
m OAK PARK, ILL. 60304
(312) B48-6778
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TRANSFORMER RIOT A

6.3 Volt 1 Amp Transformer. Fully Shielded.
5 Each ppd.
Transformer — American M:do — 115V
Primary — 12V sec. — 250 mils — for
P.C. Board Mounting. Size: 115" x 114"
14", 3.5 ounces. ice: $1.40 ea. ppd.

TRANSFORMER. 115 volt pri- [ %
mary, 12 volt % ;m;n second- W”
ary. 1.68 ppd. '}l‘qw
Transformer — 115 Volt Primary — 12
Voit 1.2 Amp Secondary $2.57 ppd.
Transformer — 115V primary. 12V, 3A
Secondary .15 ppd.
Transformer, 115 VAC primary, 18 volt, 5
amp ccs or amp intermittent du:}v
secondary $6.60 ea. pp
Transformer — American Made — Full

shielded. 115 V Primary. Sec. — 24-0-2
@ 1 amp with tap at 633\;0{[ for pilot

light. ea. ppd.
30-0-30 V - 2.5 AMP SHIELDED TRANS-
FORMER — AMERICAN MADE — 3
gound 247 w. x 37 h. x 314" deep, with

- 1A winding. $5.15 ppd.

115 VoIt Primary. Secondary #1: 32-0-32

Volt @ 1 Amp. Secondnrﬁ #2: 6.3 Volts.
Low Current for Pilot Lights. Size 215" x
215" x 37, Price: $2.65 Each ppd.

TRANSISTOR OUTPUT TRlNSFORMER —
One watt rating 200 ohm Centertapped
primary, 8 ohm secondary
Price: 85¢ Each ppd.
Transistor and Relay As-
sambg — consists of (2)
MJIE3055 and (2) MJE2955
transistors (10 amp, 90w,
complementary pairs)
mounted in “U" channsl
heat sink 21" x 114" x
1447, (2) XTAL CAN_ RE-
LAYS, DPDT, 28v, 80001,
5.8 ma DC, 1 amp contacts
N mounted on PC board with
& resistors. $2.85 ea. ppd.

1/2 WATT CARBON RESISTORS

With Full Leads — 33 for $1.22 de Val-
ues may be mixed. Tol. 5%, 10%, 20%.

No Choice.

6.8 270 4.7K 330K 2.2M
22 330 5.6K 390K 2.7M
27 390 6.BK 470K
39 470 8.2K
47 620 10K
82 750 22K
100 IK 3.3K 33K
UNPOTTED TOROIDS — center tapped,
BBM 5 for $2.95 ppd.

CRL DISC CAPACITORS

.1 MFD, 10V %" dia., lons leads.
10 for $1.00 ppd.
MINIATURE SNAP ACTION SWITCHES —
SPDT leaf actuator, 10A, 125v AC, 114" x
16" x 3" 60+ ea. or 3 for $1.55
SPS‘I’ N.O. Cher “Button T ne" E34,
15A, 125v AC, 14" x %" x
50¢ ea. nr 3 for $1.35
SPST N.C. Acro *“Button Type" (tab a:-
cessnhle to make SPDT), 14" x
50 ea. or 3 for Sl 55
__BACK IN STOCK ONCE AGAIN
N s 3000 MFD
] },} @ 30 Volt
e ¥ Capacitors.
Siu 17 Diameter x 3” Long. 90¢ Each
or 3 For $2.25 ppd.
AMERICAN MADE POWER CORD, 6 foot
gray, 7A, plugs into auto liter socket
95¢ ea. or 3/$2.55
SPST SLIDE SWITCHES (Red) Made b
Stackpole—-iik 125V A.C. 25¢ ea. p|
DPDT SLIDE SWITCHES (Red) illum. by
117V “Ultra-Glow™" 4A. 125V AC.
65¢ ea.; 3/$1.75 ppd.

* 3 inch 4 ohm VC Square
frame speaker 0.3 watt with
4 mounting holes.
—t $1.35 each ppd.
PIONEER — 2%~ dia. Round Speaker,
74" deep, 167, 0.3 watt. $1.45 ea. ppd.
OVAL SPEAKER, 2" x 4”7 x 114" deep, B(,
0.3 watt, anodized with 4 mtg. holes.
$1.65 ea. ppd.
SEND STAMP FOR BARGIN LIST
Pa. residents add 69, State sales tax
ALL ITEMS PPD. USA
Canadian orders for less than $5.00 add
$1.00 to cover additional mailing costs.

{ m. weinschenker

"3 electronic speciallies-B0X 353, IRWIN, PA 15642
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PC’'s, Send large S.A.S.E. for list. Semtronics,
Rt. #3, Box 1, Bellaire, Ohio 43906.

DIGITAL COUNTER/DISPLAY BOARD: Tired of
wiring up dozens of IC's to build the display
for a frequency counter or voltmeter? Now you
can use the MCC 102 4-1/2 Digit Event Counter
Board. Features a 3 MHz {tyfical) CMOS
counter with latches driving 0.3” LED displays
Board is 4 x 2" with a 12 position edge
connector used for all inputs. Completely as-
sembled $35.00. Also available, a Dual Regu-
lated lab power supply with variable voltage
and current limit controls for 0-26VDC and
20-250MA each section. Supply wired and
tested $65.00. The Regulator board used in
above supply is also available for building
200-2000MA  single supplies, just $17.00.
Postage and handling not included. For more
information write Mid-Continent Communica-
tions Compan; P. O. Box 4407, Kansas City,
Missouri 64127,

IC-230, Brand new, Sweagstakes prize, never
used, $399. K2CTK, 516-295.0587.

FREE CATALOG. LEDS. microphones, nicads,
IC's, relays, ultrasonic devices, precision trim-
mer capacitors, digital thermometers, unique
components. Chaney's, Box 15431, Lakewood,
Colo. B0215.

DO-IT-URSELF DXPEDITION — Stay at ZF1SB
— Cayman lIs, Vertical antenna and Caribbean
at your doorstep. Diving/fishing if band folds.
Write Spanish Bay Reef Resort, Box 800K,
Grand Cayman, B. W. |

W6ELS 11th BURBANK CALIFORNIA HAMFEST.
Saturday and Sunday, May 15 & 16. Flea
market, prizes, 2814 Empire Avenue, Burbank,
California 91504,

FERRITE BEADS: Ferroxcube beads w/specifi-
cation and application sheet — 10 @ $1.00
postpaid. Includes latest cataI0§ CJO Surplus,
Box 189, Braintree, Mass. 02184,

ANTENNAS: Quads, verticals and beams at
economical prices. Write Gotham, 2051 N.W.
2 Avenue, Miami, Fla. 33127,

GIVE YOUR ASCII-BAUDOT KEYBOARDS, Morse
Code keyboard generators, or keyswitch ori-
ented master control stations a distinct pro-
fessional appearance with the Univue key-
board and control center enclosure. The 24 x
1214 x 3" Univue enclosure gives you dimen-
sional flexibility with a modern row profile
appearance. The blank 23 x 8" removable
aluminum front panel is easily cut to ac-
commodate virtually any keyboard or control
arrangement, Over 200 cubic inches of space
in the rear is available for housing additional
circuitry, allowing a complete and handsome
desk top unit. The Univue enclosure body is

precision machined welded steel, and is
primed and surfaced light gra'y ready for the
color co-ordinated finish your choice.

Shipped complete with panel, heavy duty non-
skid rubber feet, plated mounting hardware.
and Money-Back Guarantee. $29.95 plus $4.50
shipping/handling. Send stamp for complete
information and pictures to: Advanced Data
Sciences, P. 0. Drawer 1147B, Marion, Ohio
43302.
JOHNSON T/R SWITCH $22, Knight VFO %18,
six unused B032 tubes (12 volt 6146) $3 each.
W3HWJ, 1401 Clearview, Greensburg, Pa. 15601.

COLLINS; 30S-1 in excellent operating and
physical condx for Bendix R-1051B/E receiver.
Sid Sidman, 3571 Gresham Court, Pleasanton,
Calif. 94566.
WANTED: R390A/URR receiver perfect condi
tion. Ottosson, Box 2104, S$-40312, Gothenburg,
Sweden,

ENGRAVED RADIO LICENSE.
tion in solid brass. Permanent
Send good Xerox copy, with $5.00,
Art Graphics, 1136 Potomac Ave.,
town, Md. 21740.

Exact reproduc-
identification
to Metal

Hagers-

WANTED: Heath HP13 DC mobile power supply
in good condition, WIDIW, R. R. 2 Box 6/A,
Worthington, Ind, 47471,

TELETYPE MODEL 28: 28RO bases, $35.00,
3/%$100.00. New Ribbons, $1.50. Typeboxes
(WX, COMM, or Fractions) $2500 ea. ASR
base for LXD TD, %$25.00. Base - LXD stand-
alone, $30.00. M28 cabinets, gears, gearshifts,

reperf's, TD's, keyboards, terminal units, pa-
per, tape, ASR's, KSR's. SASE for complete
list. L. Pfleger, #1,

532 W. Wilson St
Madison, WI 53703.

SLINKY!

I
I
: a lot of antenna
|
I

in a little space
NEW Slinky® dipole* with helical loading
I radiates a good signal at 1/10 wavelength long!
*patent No. 1.858,220
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® This electrically small BO/75, 40 & 2 ter antenna
operates at any length from 24 10 70 feet ® no axtra balun or
transmateh needed ® portable—erects & stoced in minutes &
small enough ta fit in attic or aparimaent ® full legal power ®
SWH over complete 80/75, 40 & 20 meter bands ® much
lower atmospheric noise pickup Than a veriical and nesds na

radials ® kit includes a pair of speciatly-made, 4.inch long
colly, containing 33% feet of radialing conductor, batun, S0
i, ROGSE/U coax, PL259 connector, nyion rope & instruction
manual ® now 0 use by US Dept. of State, US Army, radio
schools, plus thousands of hams the world over

Money Back Guarantee

AVAILABLE AT ALL LEADING

TELETHON CC Pbe,uzus IF NOT, ORDER DIRECT

Kings Park, N.Y. 11754
I Kt 5 80-40-20 ekl

pospad
Covly oaly (pair of 4" dia. wpecisl cails) $1395 putpasd
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The SW-5 is a remote controlled RF
switch with indicator lights telling
which antenna is in use. It will
handle 4 kW PEP and more. Remote
switch is housed in weather tight
hinged box. A six wire #18 cable is
required to operate the SW-5. Ham
M control cable works fine up to
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.

Mastercharge &
BankAmericard accepted.

ANTENNA MART

Box 7 e Rippey, lowa 50235
Phone 515-436-7718 @

More Details? CHECK—OFF Page 102




This Month’s Specials

MOCO 11 ushers in a new genera-
N E w tion of Morse Code Readers. Its
central processing unit is com-

Fairchild VHF Prescaler Chips N ew bined with computer programmed

firmware totalling more than
Type D_ourlplioﬂ Price 8,000 bits of memory, which per-
11C01FC High Speed Dual 5-4 Input OR{NOR

$15.40 mit MOCO 1l to translate stan-
11C05DC 1 GHZ Counter Divide By 4 $74.35 dard alpha-numeric Mor
11C050M 1 GHZ Counter Divide By 4 $110.50 - p f orse Code,
11C06DC  UMF Prescaler 750 MHz D T:% even punctuation automatically.

Flip/Flop $12.

11C24DC  Dual veM
11C44DC  Phase Freq. Detector $2.60
11C580C  ECL VCM $4.53
11C70DC 600 MHz Flip/Flop With Reset $12.30
11C83DC 1 GHZ 248/256 Prescaler  $29.90
11C90DC 650 MHz ECL/TTL Prescaler  $16.00
11C90DM 650 MHz ECL/TTL Prescaler  $24.60
11C91DC 650 MHz ECL/TTL Prescaler  $16.00
11C91DM 650 MHz ECL/TTL Prescaler  $24.60

Simply connect MOCO Il to the
speaker leads and then just turn it
on. No knobs, no adjustments.
One switch calibration auto-
matically determines and displays
sending speed.

95H90DC 250 MHz Prescaler $9.50 : . v
GEHOODM 250 MHz Prescaler $16.55 MOCO Il is not a kit. It's
95H9IDC 250 MHz Prescaler $9.50 completely assembled and tested,
95H91DM 250 MHz Prescaler $16.50 includes integral power supply,

RF TRANSISTORS parallel ASCIl and Baudot out-
New : puts for existing display units.
RCA 40290 12.5v, Ft. Typ. 500MHz 2 watts Howard Microsystems

min. at p. in 0.5 watts $2.48 introd MOCO ]Ivth t PRICE: $199.00
22857 $185  2N5637 $20.70 nroduces » NG NOWOS
2N3375 $7.00  2N6080 $4 and most efficient Morse Code Available as options are a video
gheoe g3 Ine si1 90 iranslot'oL in the state display, or a teletype driver with
2N4427 $1.20  2N6083 $12.95 of the art. 60 ma. loop supplies.
el gp omem B
IN5590 $6.30 MRF511 $8.60 Order frorn quard Microsystems, Inc., 6950 France Avenue
2N5591 $10.35  MMCM918 $2.50 South, Minneapolis, MN 55435 (612) 925-2474.
DISPLAY OPTIONS
A. Baudot Driver/Interface for TTY ....... $75.00
w z B. Video Character Display — connects
\?&t:l VOUP TV iisdaw caiie en e sl bjee sﬁ%%f)b%?
electromcs i Bt e 6 Y m iRl

2543 N. 32ND ST.
PHOENIX, ARIZONA 85008 Iv{ HOWARD MICROSYSTEMS, INC.

PH. 602-957-0786

MODSET: precision modulation ANNOUNCING

measurements for AM-SSB, 0.2 to
300 MHz, $29.50 (Kit: $19.50)

D. R. CORBIN MFG. CO.

P. 0. Box 44, North Bend, Ore. 97459

VHFIUHF CONVERTERS
PREAMPS

Ten meters through 432 MHz. A post card

will bring our full 1976 Catalog.

@ qu “\L laboratories

260 NW POLK AVE
CORVALLIS, OREGON 97330
Telephone: 503-757-1134

MOSLEY

MAKE

PROFESSIONAL LOOKING
PC BOARDS FAST

AND EASY

SSENSATIONAL
SAEVOLUTIONARY
sFANTASTIC

A & W Electronics, Inc. is your source for all Mosley antenna products. Exclu-
sive distributors in this area for Mosley antennas and accessories. Pictured
above is the world famous TA-33 TRAP MASTER beam for 10, 15, and 20
meters. Exceptionally broadbanded incorporating Mosley's famous Trap-Master
traps. Power rating 2 KW PEP SSB and may also be used on 40 meters with
TA-40KR conversion kit.
Call or write for full specifications and price schedule on all Mosley products.
Call or Write for info on many other lines including Standard, Regency,
Bomar Crystals, etc.

Prepaid Orders accompanied by M.O. or Bank Checks are shipped immediately.
U.P.S. C.0.D. also available if specified.

A & W ELECTRONICS

m 491 RIVERSIDE AVE. MEDFORD, MA 02155
[ sesvew. ]

MG mlllln( INC

PLUS 75¢ o
$995 Postage & wmr.nuu \-mr.rm ms
Handling 101,154 0511

617-396-5550

More Details? CHECK—OFF Page 102 march 1976 [l 95



SUPER CRYSTAL
THE DELUXE DIGITAL

WSIZER!!

-1

@ e
i

MFA-22 DUAL VERSION

® Transmit and Receive Operation:
All units have both Simplex and
Repeater Modes

® Accurate Frequency Control:
.0005%, accuracy

® Stable Low Drift Outputs: 20 Hz
per degree C typical

® Full 2 Meter Band Coverage:
144.00 to 147.99 MHz. in 10KC
steps

® Fast Acting Circuit: 0.15 second
typical settling time

® Low Impedance (50 ohm) Out-
puts: Allow long cable runs for
mobiles

® Low Spurious Output Level: sim-
ilar to crystal output

Prices MFA-22
Shipping $3.00 extra

SYNTHE

$325.00

SEND FOR R, Electronics

FREE DETAILS (
CHAMPAIGN, ILL.
61820

Keep four QSL cards organized and
easily accessible.

Displly them in 3 pocket, crystal clear,
vinyl pages.

NuAce QSL binders with 23 rings are
vinyl covered in blue, black or ginger.

Only $5.95

for 10 page binder that holds 60 cards.

Send check or M.
0. for immediate
delivery or write
for information
Add $1.50 for
ruslaqc & hand-
ing.
Satisfaction
Guaranteed.
Return within 10
days for full
refund.

NUACE

Ace Art Company, Inc.
24 Gould St., Reading, MA 01867
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125-Hz CRYSTAL FILTER for Drake R-4C re-

ceivers. Ideal for DX and contest work.
$125.00. Sherwood Engineering, 1268 So.
Ogden St., Denver, Colo. 80210,

TEKTRONIX SCOPES, Hewlett-Packard audio
and RF generators, other test and electronic
equipment. Transformers, xmit tubes, amateur
supplies, surplus and scarce parts. Free cata-
log. Electronic Specialties, 1659 Wetmore,
Tucson, AZ B5705

DESOLDERING AIDS AND HAND TOOLS. R.
L. Syphers Associates, Box 883, Dept. H,
Bensenville, lllinois 60106.

EXPERIMENTER'S KIT — 20 ICs for one dol-
lar — Chriskim Co., P. O, Box 1782, Tampa,
Fla. 33601.

EXCLUSIVELY HAM TELETYPE 21st year,
RTTY Journal, articles, news, DX, VHF, clas-
sified ads. Sample 35¢, $3.50 per year. Box
837, Royal Oak, Michigan 4B068.

YORK RADIO CLUB & GLOBAL RESEARCH 1st
annual 2 meter all modes contest. April 1B,
1976 - Sunday morning 0300-0700 GMT, Two
meter band all modes. Open to all radio am-
ateurs - world-wide. Remind your ham friends
of the contest. Details from Phil, K9DTB, c/o
Global Research, Box 271, Lombard, 11l. 60148.

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

Ist ANNUAL 6 METER GROUND WAVE &
TROPO CONTEST. April 4, 1976, 0300-0700
GMT. All modes. Prizes. Full details from Phil,
K9DTH, c/o Global Research, Box 271, Lom-
bard 11l. 60148. Let's preserve and encourage
6 meter operation.

NORTHWESTERN PENNSYLVANIA Swapfest.
May 1, Crawford County Fairgrounds, Mead-
ville. Free Admission. $1 to display. Flea
market begins at 10:00 a.m. Hourly door
prizes; refreshments. Commercial displays
welcome. Indoor if rain. Talk-in 146.04/64 and
146,52 MHz, Details, Crawford Amateur Radio
Society, Box 653, Meadville, Pa. 16335.

IT'S HAM RADIO FOR BOOKS. We have the
ones you need. Over 1B0 titles of books,
records and tapes in stock. Send for our
latest catalog. Ham Radio, Greenville, NH
03048.

WINNEBAGO 20-foot motorhome. Loaded with
options. Hot and cold running water, full bath-
room, heat, air conditioning, 2500-watt genera-
tor, antennas. Sleeps 6-B. Ideal for field day.
Send for spec sheet to Peter Stark, K20AW,
Box 209, Mt. Kisco, N. Y. 10549,

STOLEN: Heath HW-202 2-m transceiver. Has
following crystals installed: 34/94, 94/94,
07/67, 16/76, BB/BB. Can be identified by
wrong size wire on PC board, modulation 1s
set HOT, so normal use will clip out on
repeaters. Has other marks that can be
recognized by owner. Stolen from Doc. A. L.
Stigers, 303-237-3296, 2572 Beach Ct.,, Golden,
Colo. 80401. Any information notify owner or
any law enforcement agency. Please do not

discuss this incident on any of the above
frequencies.
SLEP ELECTRONICS — MNow shipping Atlas,

Collins, Drake, Regency, Swan, Cushcraft, Hy-
Gain, Mosley, Antenna Spl:mallsts. MNewtronics,
Hustler, Comcraft, Brimstone, CDE Rotors.
Write or phone (704) 524-7519, for low low
prices. Slep Electronics, Box 100, Hwy 441,
Otto, N. C. 28763.

WANTED, AT SURPLUS PRICES, Tracor phase
comparator model 1LPD, B895A. Tracor fre-
quency difference meter model 527A. Tracor
Sulzor 5C or 2.5C frequency standard or sim-
ilar equipments. Offers for 300 vintage British
Radio magazines 1924-1935. A. Fletcher, 62,
Moorbridge Lane, Stapleford, Nottingham,
England.

UNIVERSAL
TOWERS

FREE STANDING

ALUMINUM TOWER
10" to 100’
Prices from

$110.00 (30")
MOST

POPULAR

HAM TOWER

EVER MADE!

REQUEST

NEW CATALOG

OF

TOWERS &
ANTENNAS

Communication Specialists

For Over 37 Years
HAMS! Write For Free Catalog
and Wholesale Prices!

Electronic Distributors, Inc.
1960 Peck Muskegon, MI 49441
Tel: 616-726-3196 TELEX: 22-8411

Aha, the SECRET of PC
Board success finally revealed.
A perfectly balanced lighting
tool combining magnification
with cool fluorescence. Excel-
lent for fine detail, compon-
ent ;t:iﬂtrllllll}" ete, Lens is pre-
cision ground and polished.

Regularly $70.00. Now, over
30% discount ((Jll]_\' $49.00)
to all licensed Hams, verified
in Callbook. Uses T-9 bulb
(not supplied).

Include $3.00 U.S. postage, or $4.00
$5.00 Cali-

fornia Residents include 6% sales tax.

in Canada. elsewhere.
Or send stamped envelope for free

brochure of other incandescent or

H!l(ll'l.'s('(.'lll Iilll]l)S HIIitiIITIt' I'ur il“ en-

gineers, architects, students, etc.

Mastercharge and BankAmericard accepted

D-D ENTERPRISES
Dept. A, P. O. Box 7776
San Francisco, CA 94119

More Details? CHECK—OFF Page 102



FREQUENCY STANDARD

Only
$37.50
(less batteries)
POSTPAID USA
& CANADA
®Precision
crystal.
®Fully guar-
anteed.
® Markers at
100, 50, 25,
10, or 5 KHz
selected by
front panel
switch.
® Zero adjust sets to WWV. Exclusive
circuit suppresses unwanted
markers.
® Compact rugged design. Attractive,
completely self contained.
@®Free brochure on request.
@®Order direct. $37.50 PPD U.S. &
Canada. California residents add é
percent sales tax.

PALOMAR
ENGINEERS

BOX 455. ESCONDIDO, CA 92025
Phone: (714) 747-3343

IS OFFERING THE FOLLOWING
USED EQUIPMENT
Prices

All Lab-Checked, FOB New York City
Drake R4-C Receiver with Noise Blanker in
mint condition . . $450.00
Central Electronics Model 200V transmitter,
completely factory reconditioned with all
lab reports $400.00

Robot Model 70 Slow Scan Monitor, 10 hours

use, lab checked $250.00
Drake 2NT Transmitter, lab checked, mint
condition $125.00
Hallicrafters SX130, lab checked $159.00

Collins 516F2 Power Supply complete $110.00
Johnson Viking Matchbox Model 250-23-3,
mint condition . $125.00
Motorola Receiver Model R220/URR, 20-220
Mc, AM/FM, SSB, complete, lab checked
$450.00
Drake C4 Station Console, lab checked $300.00

Factory Authorized Service Repair for Collins
Amateur Radio Products. We also service
many other lines, such as Drake, Hammar-
lund, Hallicrafters, Kenwood, Tempo, Yaesu,
lcom, Clegg, etc., etc.

Thousands of unadvertised specials.

BARRY 52 Broadway

DEPT. H:3
212-WA-5-7000

TELEX 127670

NY, NY 10012

ELECTRONICS

Add shipping-excess refunded-Quoted FOB N.Y.C.

BARRY ELEGTRONICS

NEW EQUIPMENT IN STOCK

Drake SPR-4 Communications Receiver
SPECIAL PRICE $599.95*

*Due to availability of stock

Complete Venus Line in Stock

Drake RCS-4 Remote Coax Switch $120.00
Drake F1250, 250 cycle CW Filter $50.00
Drake MMK-22 Mobile Bracket $10.00
Drake TR-22C . $229.25

FOLLOWING 2-METER FM GEAR IN STOCK
FOR IMMEDIATE DELIVERY
lcom 1C-230 (write for price)
Clegg FM 27B $380.00

Matching Power Supply Model 011 $88.00

VHF Engineering PS24C Power Supply $114.95

B & W B50A Inductor . $79.95
B & W Wattmeter dummy load $195.00
B & W B51 Inductor $47.00
B & W 852 Inductor $66.75

DX Engineering Speech Processors, In Stock
for Collins 325, KWM 2A, Drake TR-4, Drake
T4X Write For Prices

Complete \hbroplex Lnna in Stock . . . Champ-
ion, Deluxe, etc. write fnr prices
Johnson 229-203 Rotary Ind., new $39.00

We also carry many other fine lines such as
Ten-Tec, Savoy, Bird Wattmeters and Acces-
sories, Hy-Gain, Cush-Craft, Antenna Spe-
cialists, Newtronics.

Barry's Is a Builder's Delight.

NEW YORK CITY'S ONLY AMATEUR RADIO STORE

Store Hours
Mon.-Fri., 9 a.m.-6 p.m.
Sat., 10 a.m.-6 p.m.

The Grabbers!

6-DIGIT COUNTERS!

G-t Kat

‘89

(30mHz)

PG ETIC Y
CORMTER

6-Digit Kit

s “9.95

(250mHz)

wired and tested.

Hufco -

We have a whole wonderful line of unbelievable counters
starting at $45.95! All counters are also available factory
Drop us a line or give us a call today.

P.O. Box 357, Dept. 19, Provo, Ut. 84601 ---

(801) 375-8566

PROTO

BOARD 6
The PB-6 lets the user test and build
circuits without soldering or patch cords:
all interconnections between components
are made with common #22 AWG hook-
up wire, This quality breadboarding kit
includes 630 component tie points at less
than 2.5c each. It measures 6" long by
4" wide. Designed specially to Breadboard
Microprocessor Circuits. $15.95

Continental Specialties Proto Boards

FREE 7 Segment Digital Readout with purchase of every PB-600 PB-100

HOSFELT ELECTRONICS ]
224 OPAL BLVD., STEUBENVILLE, OHIO 43925

PROTO

BOARD 100
A low cost, big 10 IC capacity breadboard
kit with all the quality of QT sockets and
the best of the Proto Board series . . .
complete down to the last nut, bolt and
screw, Includes 2 QT-35S Sockets; 1 QT-
358 Bus Strip; 2 5-way binding posts; 4
rubber feet; screws, nuts, bolts; and easy
assembly instructions. $19.95

Postpaid — Continental U.S.A.

Phone 614 264-6464

More Details? CHECK—OFF Page 102

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 ----- N :

. NATIONAL RADIO INS’NTUTE
Washington, D.C. 20016

Please send me information on Amateur Radio «

training.

Name Age______ .
E Address :
.+ City State____ Zip____ .

: ACCREDITED MEMBER MATIONAL HOME STUDY COUNCIL :

sesaman srssesssasssannas sassssssassnese

march 1976 97




California

HENRY RADIO

931 N. EUCLID AVE.
ANAHEIM, CA 92801
714-772-9200

. The world's largest distributor of
Amateur Radio equipment.

Kansas

ASSOCIATED RADIO

8012 CONSER P.0.B. 4327
OVERLAND PARK, KS 66204
913-381-5901

Amateur Radio’s Top Dealer.
Buy — Sell — Trade.

HENRY RADIO CO., INC.
11240 W. OLYMPIC BLVD.
LOS 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.

M-TRON

2811 TELEGRAPH AVENUE
OAKLAND, CA 94609
415-763-6262

We service what we sell.

Massachusetts
TUFTS RADIO ELECTRONICS
386 MAIN STREET
MEDFORD, MA 02155
617-395-8280

New England's friendliest
ham store.

Ham Radio’s guide to help you find
your local Amateur Radio Dealer

New Jersey

ATKINSON & SMITH, INC.
17 LEWIS ST.
EATONTOWN, NJ 07724
201-542-2447

Ham supplies since ‘55",

New York

ADIRONDACK RADIO SUPPLY, INC.
185 W. MAIN STREET
AMSTERDAM, NY 12010
518-842-8350

Yaesu dealer for the Northeast.

Michigan
AUDIOLAND

36633 SOUTH GRATIOT
MT. CLEMENS, MI 48043
313-791-1400

All major brands, new/used
equipment & accessories.

Colorado

C W ELECTRONIC SALES CO.
1401 BLAKE ST.

DENVER, CO 80202
303-573-1386

Rocky Mountain area’s complete
ham radio distributor.

Hlinois

KLAUS RADIO, INC.

8400 NORTH PIONEER PARKWAY
PEORIA, IL 61614

309-691-4840

Let us quote your Amateur needs.

ELECTRONIC DISTRIBUTORS
1960 PECK STREET
MUSKEGON, M| 49441
616-726-3196
Communication specialists
for over 37 years.

PURCHASE RADIO SUPPLY
327 E. HOOVER

ANN ARBOR, MI 48104
313-668-8696 or 668-8262
We still sell Ham parts!

RADIO SUPPLY & ENGINEERING
1203 WEST 14 MILE ROAD
CLAWSON, M! 48017
313-435-5660

10001 Chalmers, Detroit, Ml
48213, 313-371-9050.

SPECTRONICS, [NC.

1009 GARFIELD STREET
OAK PARK, IL 60304
312-848-6778

Chicagoland’s Amateur Radio
leader.

Indiana

HOOSIER ELECTRONICS

P. 0. BOX 2001

TERRE HAUTE, IN 47802
812-238-1456

Ham Headquarters of the Midwest.
Store in Meadow Shopping Center.

Minnesota
ELECTRONIC CENTER, INC.
127 THIRD AVENUE NORTH
MINNEAPOLIS, MN 55401
612-338-5881

ECI is still your best buy.

CFP COMMUNICATIONS

211 NORTH MAIN STREET
HORSEHEADS, NY 14845
607-739-0187

Jim Beckett, WA2KTJ, Manager
Dave Flinn, W2CFP, Owner

Ohio

UNIVERSAL SERVICE

114 N. THIRD STREET
COLUMBUS, OH 43215
614-221-2335

Give U.S. a try when ready to buy.

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

OREGON HAM SALES

409 WEST FIRST AVENUE
ALBANY, OR 97321
503-926-4591

Yaesu dealer for the Northwest.

Missouri

HAM RADIO CENTER, INC.
8342 OLIVE BLVD.

P. 0. BOX 28271

ST. LOUIS, MO 63132
800-325-3636

Call toll free.

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.

Dielony. o Mot te hong @0, Lo9tocT Hom oy Ty for compheTe 26T44..
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“HAM"” BUERGER, INC.
68 N. YORK ROAD
WILLOW GROVE, PA 19090
215-659-5900
Communications specialists.
Sales and service.

HAMTRONICS, INC.

4033 BROWNSVILLE ROAD
TREVOSE, 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.

Virginia
ARCADE ELECTRONICS
7048 COLUMBIA PIKE

ANNANDALE, VA 22003
703-256-4610

Washington

AMATEUR RADIO SUPPLY CO.
6213 13TH AVE. SO.
SEATTLE, WA 98108
206-767-3222

Amateur center of the
Northwest.

DATA SHEETS
WITH EVERY ITEM,
IC or FET's WITH
= MONEY BACK GUARANTEE
« 24 HOUR SHIPMENT
« ALL TESTED AND GUARANTEED
TRANSISTORS (INPNI

$5 & $10 ORDERS.*

IN9IE TYPE RF Amp & Dreallatoi to 1 GHs 5100
INI563 TYPE RF Amp & Duwc to 1 GHe (pl 2NS18) 45100
2N1565 TYPE Gen Purpuse Gan (TD 5271061 5/51 00
IN1641 TYPE RF & GF Amp & Sw ro 500 mA & 30 MH, 5/51 00
INIBEE TYPE RF Power Amp 1 5 W & 450 MH: 5150
INIS03 TYPE GP Amp & Sw te 100 mA and 30 MH 5/51.00
N304 TYPE GP Amp & Sw to 100 mA hFE 100 5/51.00
ZN3I919 TYPE RF Powwer Amp 10 25 W &= 3 30 MH/ 5100
INAZTA TYPE Witea High Speed Switch 12 m 5/51.00
INSI0E TYPE RF Power Amp 2 W = 450 YW & 1 GHy 5250
MPSES1S TYPE High Gawn Ampliteer hEE 250 3/51.00
Asiort NPN GP TYPES e 2NIB94 2N3901 wic (15) 52.00
INIEIR TYPE (PNP) GP Amp & Swto 300 mA 5/51.00
INI90E TYPE (PNF) GP Amp & Sw to 30 MH: 5/51.00
ZNA249 TYPE (PNP) Low Nome Aimp 1A 10 50mA a51 00
FETs
N CHANNEL (LOW NDISE)
2Na091 TYPE RF Amp & Switch (10 18/106) 35100
INAAIE TYPE RF Amplifies 1o 450 MH (TD 72) 2/51.00
INS163 1 YPE Gen. Purpose Amp & Sw 1 T0 106 ¥s100
INSABG TYPE HF Amp 1o 450 MH: (plastic 2NAATE] 2/51.00
EV00 TYPE Low Cowt Audia Amplifier 4/51.00
ITEARGE TYPE Uitra Low None Audia Amg 25100
TIS714 TYPE High Speed Swotch 40 3/51 00
Avort, RF & GPFET's eq 2N5163 MPF102 erc (8] 5200
PCHANNEL
INAJED TYPE Gen Purpose Amp & Sw (TD 106/ /51 00
EV11S TYPE High Speed Switch 1257010 106} 1s100
| SPECIALS:
IN2222 NPN THANSISTOR GP Amp & Switch B/S1.00
IN2907 PNP TRA ORGP Amp & Swirch B/51.00
INI553 AF Pawer Amp 5 W o 150 MHz 1 W &= 50 MH; 5200
EV01TN CHANNEL FET Low Curtent, Low Vg Amp/Sw 35100
| MPE102 N CHANNEL FET RF Amp 200 MH; 15100
556 DUAL 555 TIMER 1 wec 1o 1 hiows (DIPY S100
121VOLT REGULATOR 330V & 1200 mA (DIP/TO 5) 2/51 00
T4Y Dp Amp, Freg Comp LM 721 L ATRY ete (N o 4/51 00
M0 FET Dp Amp Like NESIE and ATADITOD %) 5240 |
ATEOS VOLTAGE REGULATOR SV e 1 AITOD 2200 51.2%
B0 WAVEFDRM GENERATOR Wave wichn 5450
INADOY RECTIFIER 50 V IV 1A 15/51 00
INA154 DIDDE 30 V10mA INSTS pecept 30 V 25/5100
BR1BRIDGE RECTIFIER 50 V PIV_ 500 mA (0IP) 15100
MMSI1A DIGITAL CLOCK CHIP Wah SpecySchemanes 5495 |
LINEAR IC's
J08 Micio Powei Op Bmp (10 S/NINI DIFI 5100
I09K Volrage Regulator 5V & 1 AITD 3 512%
124 Quad 141 Op Amp Compeniated (DIP) 5150
3407 Voit Reg 1 Amp Specity 5 6 12 150 24 V wickn 5105
I80 2 5 Wart Audin Amplidier 34 d (DIPY 51
555 Tumer 150010 1 he NESSS LMSS5 etc (MINI OIP) S BS
109 Populsr Op Amp (DIP/TO 5) s M
139 Dual Low Nove Audio Preamp/Dp Amp (D1P) 5100
1858 Dual 781 Op Amp (MINI DIP) S B
141 Frey Comp Op Amp (DIP/TO &) 35100
DIODES
JENERS Specily Voltage 13 19 43 5) 68 82 ADDmW 4751 00
911012 15 161820 22 24 27,00 33V [ 10%) 1 Wart 1/51 .00
ING1A oo INGLIAB TYPE General Purpose 100V/10mA 15/51 00
INJESI TYPE RECTIFIER Stud Moum 400 V12 A /5100
D5 VARACTOR 5 50 W Dutput & 30 250 MH: 1 10 pf 5500
5100

FIVARACTOR 1 1W Durput = 100 500 MH: 5 30 pf
CMAIL NOW!' | HEL TS supial st

LS A MEST wilh e {3
i

™ 6 Dhive Vive
ORDER TODAY Al aer

BOX 4181 BN, WOODSIDE, CA 940
Tel. (415) B51 0455

FOR THE ULTIMATE ANSWER

1o your Commumcations needs contact us NOW!' We are

distibutors for multiple lines of Amateur and Two Way
Radio Products. Call or wnite for information. Dealer

inguiries invited

SAGAL ELECTRO!

P.0. BOX 117

roselle park, NJ. 07204

201 - 289-23%0

TWO-WAY RADIO
COMMUNICATIONS SYSTEMS

More Details? CHECK—OFF Page 102
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S INC.
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0.1 Hz. to 100 KHz.

For .unly $39.95

Our new FG-2 Function Generator kit
gives you all five of the most useful
waveforms for design and testing at one
fourth the cost of previous similar in-
struments. Thanks to improved IC's the
FG-2 now features amplitude stability
of + any range, Sine wave
distortion of less than 1% from 20 Hz. to
20,000 Hz. and an output of 4.0 Vults
peak-to-peak with adjustable offset. The
offset selector lets you put the positive
peak, negative peak, or the center of the
waveform on DC ground. The DC coupled
circuit keeps the waveforms in exactly
the same position no matter what the
level control setting.

1 db over

Gray impact plastic case 5% x 6% x 2%,
115 Volts 60 cycle power supply included.

FG-2 Function Generator Kit
shipping weight 3.0 Ibs.........$39.95 PPd

SEND FOR OUR
NEW 1976
CATALOG

listing this and other unique kits
“f REE

by simply circling our number
on the reader service card.

SOUTHWEST TECHNICAL
PRODUCTS CORPORATION

Swile

DEPT. H

219 W. Rhapsody
San Antomo, Texas 78216
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Kit 2000X—KW

Kit includes:

1 200 pfd wide-spaced variable
with isolantite insulation rated
3,000 wvolts

1 200 pfd dual section parallel
condenser isolantited

2 finger-grip pointer

diam. white indented

1 pvc insulated shaft
4 to Y

3 S0:239 coax chassis connectors.
Tunes 52 ohm or 52-300-600* or

knobs 2"

couplings

Apollo Products-Little Giant Trans Systems Tuner Kit — $39.50

Designed and engineered after “‘Apollo’” — ‘“Little Giant” 2500X-2, for an ‘‘engineered
performance’ Trans Systems Tuner and Adaptations of the Lew McCoy Transmatch, with
power handling at the KW plus level!

1 heavy inductance for 10-15-20-
40-80 meters

6 pvc stand-offs, 4 for condensers
and 2 for inductance

1 HD switch for band catching 10
thru 80 meter coverage

1 pkg 12-gauge tinned round wire
Cabinet included — Apollo “Sha-
dow Boxes" M Kit includes sche-
matic. Recommend parts layout.
INFO NOTE *377 OHM and **600
OHM “Open wire spaced ladder
line" air dialectric.

*53 x wire diam. **84 x wire diam.

info only — not supplied.

Kit price $99.50, FOB factory ;andom wires

Subsidiary ‘‘Little Giant Antenna Labs"

Apollo Products, Box 245, Vaughnsville, Ohio 45893  419-646-3495

"f[cﬂ

Here is an ultra c t beam

you your share of
* Fully weather proof

*« Mounts easily on TV masting
* Fipure 8 pattern

LITTLE GIANT MODEL 100X1000-40
Other models available for 10, 15 & 20 meters

419-646-3495

a NEW antenna principle

PROVEN IN EXACTING TESTS AND MANY YEARS ON THE AIR AT WyMBH — KgAST — KBVRM

AN

A COMPLETELY NEW ANTENNA

which can be tuned to Inr frequency between 7.0 and 14.5

MHz. Weighing onlE 18 Ibs. this antenna may not outperform a ful

X and stateside contacts. Will handle 1 KW over a 100 kHz bandwidth.
= Hi-Q, attenuates harmonics
* Comes assembled & tested

Little Giant Antenna Labs, Box 245, Vaughnsville, Ohio 45893

Subsidiary “Apollo Products” Village-Twig Co.

only 27 inches high
by 22 inches wide

sized beam but it sure will give

KITS 1040 $74.50

$149.50

Add $3 trans.

WANTED

FOR CASH % .|
: a? .‘),'!_.1

ARC-51 Transceiver

490-T Ant. Tuning Unit
(Also known as CUI1658
and CU1669)

Highest price paid for these units.
Parts purchased. Phone Ted,

618-T Transceiver
(also known as MRC95,
ARC94, ARC102, or VC102

ARC-51 Control Box

Synthesizer-for{,
binaural reception

Drilled PC board
with Instructions—
$6.95 ppd

Assembled and
tested PC board
Model 400—
$17.95

PC boards include
extra circuitry for
trimming & exalted
cross-over

Brochures —

W2KUW collect. We will trade for
new amateur gear. GRC106 and
PRC74 also required. See HR last

THE TED DAMES CO.

Arlington, N. J. 07032

308 Hickory Street

issue for other equipment required. (201) 998-4246 Evening (201) 998-6475

Hildreth RO. Box 3
Engineering  Cal94088

| MTA'pAK An Almost Perfect Packége ?

THE DELUXE PORTA-PAK MOT ONLY SUGGESTS BUT

DELIVERS: ATTRACTIVE PACKAGE
DURABILITY PLUS
$59.95 OPERATION ANYWHERE

FULL POWER
OVERNIGHT RECHARGING
PORTA-PAK IS THE ACCESSORY THAT MAKES YOUR

MOBILE RADIO REALLY PORTABLE. AVAILABLE

FOR MOST F.M. TRANSCIEVERS AT $59.95 WHICH
INCLUDES CHARGER

ADD $1.1S PER UNIT FOR SHIPPING AND HANDLING

PORTA-PAK, INC.
P.O.BOX 67

SOMERS, WI. 53171

DUPLEXER KITS

PROVEN DESIGN. HUNDREDS SOLD IN US,
CANADA, EUROPE. CONSTRUCTION WELDED
ALUMINUM IRIDITE & SILVER PLATED. SEE
JAN. 74 QST RECENT EQUIPMENT. ALL PARTS
PROFESSIONAL QUALITY. EVERYTHING SUP-
PLIED. NO SPECIAL TOOLS. RECEIVER &
TRANSMITTER CAN BE USED FOR TUNE UP.

MOD, 62-1 6 CAVITY 135-165 MHz POWER
250W ISOLATION GREATER THAN 100
dB 600 kHz. INSERTION LOSS .9 dB
MIN. TEMP STABLE OVER WIDE
RANGE PRICE $349.00

MOD. 42-1 4 CAVITY SAME AS 6 CAVITY

EXCEPT ISOLATION GREATER THAN
80 dB 600 kHz INSERTION LOSS .6
dB MAX. PRICE $249.00

NORTH SHORE RF TECHNOLOGY

Exclusive Distributor TUFTS Radio

386 MAIN ST, MEDFORD, MA 02155
617.395-8280

100 march 1976
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BN KEYBOARD ENCODERS W
AND

I ““Customized"’ 2-Meter FM Transceiver I

MIDLAND MODEL
13-500
WITH 12.DIGIT PAD

$249.00
ENCLOSURES

MOBILE !
$8.95

12ME

BASE
J $8.95
12 BE

ENCLOSURE WIRED WITH LIGHTED W/E PAD

sqg 95 12 MW (Mobile)

12 BW (Base)

16-DIGIT SUB-MINIATURE
KEYBOARD ENCODER

Complete with Motorola Chip and PC Board
Model 16 MPW $39.95

Dealer Inquiries Invited

All prices PREPAID shipping Cont'| USA I

KING PRODUCTS

Manufacturer & Distributor of Communications Equipment
P. 0. BOX A, LOMITA, CA 90717  (213) 534 - 4402
I I I I N S .

CLOSE OUT SPECIALS

o REFERENCE DATA FOR RADIO ENGINEERS

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
electronics and space communications.
Probably the most complete reference of
this type. Sales of over 350,000 testify to
its wide acceptance. 1,196 pages, hard-

bound,
Was $23.00

order 20676 NOW Only $14.95

We have just purchased the complete inventory of recently
superseded editions of the RADIO HANDBOOK and REF-
ERENCE DATA FOR RADIO ENGINEERS. Here is a unique
opportunity to own copies of these outstanding reference
books at very attractive prices.

 RADIO HANDBOOK, 19th Edition

by William 1. Orr, W6SAI
The famous communications handbook
radio which is the electronics industry stan-
handbook

dard for engineers, technicians and ad-
o e vanced amateurs. Includes all types of
radio communications equipment, RTTY
circuits, latest semiconductor and com-
puter circuitry. 986 pages; hardbound.
Was $16.95

Now Only $9.95

Order 24030
Order today from

HAM RADIO
GREENVILLE, NH 03048

More Details? CHECK—QOFF Page 102

ham

radio

microcomputer seminars

An introduction to interfacing, pro-
gramming and applications.

The course so widely acclaimed at SAROC

For individuals who are
interested in learning
about microcomputers
and how to get started
in applying them to real-
world situations.

An all-day program including:

1 What is a microprocessor? A Microcomputer?

2 Where do microcomputers fit? What are appropriate applications?

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

4 Microcomp y: a. Types of memory: RAM, ROM, and
PROM; b. ROMJ’RAM trade-offs

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

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

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

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

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

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

e — == = ]
YOU!‘ .f-nstructors —— 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 Bugbook series

Dates & Location:
Friday, April 23 and Saturday, April 24

(Hamvention Weekend) at the Imperial House North, I-75
and Needmore Road, Dayton, Ohio.

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

plete set of Bugbooks |, Il, lla, and 1IL.)

TO enro,l: 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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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 234
INDEX

ARRL S.W. Div. 167 Jan 067

A&W 359 Janel _ 068

Ace 416 Jensen 293

Action Radio 417 K-Enterprises 071

Adva 265 KLM 073
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Apollo 011 King 077
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Circuit Spec. 026 Oneida 144
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D-D 269 Callbook 100
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Data Signal 270 Regency 102

Davis 332 Rohde &

Hamvention 223 Schwarz 306

Dentron 259 SST 375

Denver Sagal 376
Hamfest 424 Savoy 105
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Dynatron 420 Solid State 411
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B B 288 Space 107

ELPROCON 301 Spec. Comm

Epsilon 046 Sys 318

Fair 048 Spectronics 191

Frank 421 Spec. Int 108

Genave 168 Swan 111

Glade Valley 213 Teletron 188

Great Lakes * Telrex 377

Hal 057 Ten-Tec *

Hal-Tronix 254 Tri-Ex 116

Ham Radio 150 Tufts 3zl

Hamtronics 246 VHF 121

Heath 060 Vanguard 120

Heights 061 Varian, Eimac 043

Henry 062 Visulex *

Hildreth 283 Weber 400

Hosfelt 390 Webster Comm 423

Howard Micro 361 Webster Radio 255

Hufco 403 Weinschenker 122

Hy-Gain 064 Weirnu 379

lcom 065 Whitehouse 378

Info-Tech 351 Wilson 123
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March 1976
Please use before April 30, 1976
Tear off and mail to

HAM RADIO MAGAZINE — ‘“check off"
Greenville, N. H. 03048

NAME
CALL
STREET
CITY
STATE ZIP

102 march 1976

more
and more
amateurs
are saying

B In simplicity and ease
of installation!

B In low silhouette
good looks!

B In a performance

difference you can hear!

Even when working through a

repeater you want everything going
for you that you can. That's what
you have when you use the Larsen
Kilrod gain antenna. Has patented,
greatly simplified, mount that stays
put and assures positive ground
plane...lessthan 1.3to 1 V.S.W.R.
The exclusive Kulrod whip assures
maximum radiation efficiency with
no loss to heat. And for looks. ..
it's the one the XYLs pick. Get the
JM150-K for complete 2 meter use

...the JM450-K for UHF.

Sold with no-nonsense money back

guarantee. Easy-to-follow

installation instructions. Get full

fact sheet and prices today.
Larsen Magnetic Mount . . . even the

dragsters can't shake this one loose.

Has real super hold for no-holes,
no-mar mounting in seconds. Ask
for Larsen MM-LM. Includes

coax and connector all attached.

* Kiilrod a Registered Trademark

rsen
fintennas

11611 N. E. 50th Ave.
P. O. Box 1686
Vancouver, WA 98663
Phone 206/573-2722

Pioneers in
communications
antennas for
over 25 years.

AdyerTigers iNdeX

ARRL Southwestern Division Convention . . 92

A & W Electronics
Ace Art Co., Inc.
Action Radio
Adva Electronics
Aldelco -
Antenna Mart
Apollo
Aptron
Atlas .
Atronics
Autek . .
Babylon
Barry .
Budwig Mfg. Co.
Bullet
Buyers & Sellers
CFP Enterprises
Cal-Com Systems, Inc.
Circuit Design, Inc.,

Div. of E & L Instruments
Circuit Specialists
Clegg, Div. of ISC _
Communications Specialists
Communication Specialties, Inc.
D. R. Corbin Mfg. Co.
Cush_Craft
D-D Enterprises
Dames, Ted
Data Signal, Inc.
Davis Electronics
Dayton Hamvention
Dentron Radio Co.
Denver ARRL Hamfest
Drake Co., R. L.
Dynamic Electronics
Ehrhorn Technological Operations
Electronic Distributors
Electronic Equipment Bank, Inc
ELPROCON
Epsilon Records
Fair Radio Sales
Frank Electronics
General Aviation
Glade Valley Radio Session
Great Lakes Hamfest
Hal Communications Corp.
Hal-Tronix
Ham Radio
Hamtronics, Inc.
Heath Company
Heights Mfg.
Henry Radio Stores
Hildreth Engineering
Hosfelt Electronics
Howard Micro Systems, Inc
Hufco
Hy-Gain Electronics Corp.
leom
Info-Tech
International Crystal Mfg. Co.. Inc
James Electronics
Jan Crystals
Janel Labs
Jensen Tools
K-Enterprises
KLM Electronics
Kensco Communications, Inc.
Tri-Kenwood Communications, Inc
King Products
Larsen Electronics
Levr Associates
Little Giant Antenna Labs
Lyle Products
MFJ Enterprises
MHz Electronics
Matric
Mini Products
M-Tech
National Multiplex Corp.
National Radio Institute
Northshore RF Technology
Palomar Engineers
Police Call Magazine
Porta-Pak
Pruitt Enterprises
R F Communications
RP Electronics
Radio Amateur Calibook
Regency Electronics
Rohde & Schwarz
SST Electronics
Sagal Electronics
Savoy Electronics
Signal Management Sciences
Solid State Modules
Southwest Technical Products
Space Electronics Corp.
Specialty Communications Systems
Spectronics
Spectrum International
Swan Electronics
Teletron Corp.
Telrex Labs
Ten-Tec
Tri-Ex Tower Corp.
Tufts Radio Electronics
VHF Engineering, Div. of Brownian
Vanguard Labs
Varian, Eimac Division
Visulex
Weber Electronics
Webster Communications
Webster Radio
Weinschenker
Weirnu
G. R. Whitehouse Co.
Wilson Electronics
Worldradio
Yaesu Musen USA
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KLM Muiti-2000 ... already locked in
as the greatest feature-per dollar VHF transceiver ...

‘Now...both USB & LSB
for even greater value...lower,

beat-inflation pricing!

The great response to the KLM, Multi-2000 VHF
transceiver by amateurs world-wide has now
made it possible to manufacture this fine set in
quantities substantially larger than the original
production runs. Result ... new, value-added fea-
tures, lowered manufacturing costs.

KLM will now have more sets to sell so, with the
Multi-2000A, encourages the buyer by passing
along a substantial portion of the production sav-
ings. Example: Former price, 795.00. Your
inflation-fighting price today is 679.00 ... a sav-
ing of 116.00! But without extra cost you now get
Lower Sideband, making the KLM Muilti-2000A
four mode equipment with NBFM, WBFM, SSB
(with both USB and LSB) plus CW. Power output
remains at 10 watts.

Here truly is the complete full feature VHF station
for base or mobile. It has both 12VDC and

@ 144-148MHz. Phase lock loop @ Noise blanker » Squelich = RF
synthesizer. gain control.

® Separate VXO and RIT for full, @ Selectable 1/10W power

between-channel tuning. output.
® Simplex and/or 600kHz @ High sensitivity (0.3uV for
repeater capability. 12db SINAD).

® NBFM/WBFM/SSB(USB & @ Superior immunity to cross

LSB)/CW. mod. inter mod.
® Built-in AC & DC power ® Built-in test (call) tone and
supplies. touch-tone provisions.

KLMelectronics

17025 Laurel Road, Morgan Hill CA 95037
(408) 226-1780, (408) 779-7363

More Details? CHECK—OFF Page 102

115VAC supplies built-in, is actually ready to op-
erate right out of the shipping carton. It offers
highest versatility and crystal stability. Any of 200
channels can be selected instantly in 10 kHz
steps by three dials controlling the phase lock
loop frequency synthesizer setup. Continuous in-
terpolation within the 10 kHz segments (144-148
MHz) is afforded by VXO for trans. /rec. and RIT
for receive. There are also three FM crystal posi-
tions for frequently used channels.

Check the Multi-2000A panel in the photo. Note
the convenient, “people engineered” control ar-
rangements, the simple, positive channel setup
and the many refinements that contribute to re-
laxed, enjoyable conversations in any of four dif-
ferent modes.

At your favorite dealer or write direct.

Economically priced 160W
solid-state Linear Amplifier

160 &
e & 0
LINEgR

TR

160W power out from Multi-2000A
(or other models/brands) with
5-15W input, SSB, CW, AM, FM.
Broad band ... 144-148MHz with-

out tuning. Automatic RF switch-
ing. 13.5 VDC. Also 144, 220,
450MHz models, 12 to 120W out.
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nepeatons
(Kit, o Wined, & Teated,)

Baeia.

Foun pole helicnf nesonaton,
Tranaforumen, (gives additionad image,

Hipquly OVAC/Z20VACS0/60HZ band signab nejection)
EMI Fitons Nefting enpasitoy

(offods 70 DB

T adjocent, chonnel
SRS band signal
1 ; nPijIimv)
ewr tnned,

bram ahielda

>~ Dynamic mike
included, off modefs)

Masw- Ch

Not ahoun in photo-ia new powen supply. Haa fold, back, cumment Cimiting (you can shortaupply & will

not, domage it), afho overn voltage protection, (o, ot in, the, upply will ahut i, down 40 nepenter, ig not

dﬂmﬂqu;.)‘Dnnj, {n’rqﬂj our, CWTD with, in159 bit field, qu)mmnh[g Memow). ’BT

PRICES
RPT 144B Kit , . repeater — 2 meter — 15w - RPT144B . . . repeater — 15 watt — 2 meter —
complete (less crystals) .. .... 46595 factory wired and tested . . . . . 695.95
RPT220B Kit . . repeater — 220 MHz — 15w RPT220B . .. repeater — 15 watt — 220 MHz —
complete (less crystals) . ... .. 465.95 factory wired and tested . , . . . 695.95
RPT4328 Kit . . repeater — 10 watt — 432 MHz RPT432B . .. repeater — 10 watt — 432 MHz
(lesscrystals) . .. av vows o 51595 factory wired and tested . . . . . 74995

hf engineering

320 WATER ST e PO BOX 1921 & BINGHAMTON, NY 13902 & 607.723.9574
DIVISION OF BROWNIAN ELECTRONICS CORP.
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Explore

the world of VHF

e i e o o o o
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Join the VHF action with the FTV-650B
and FTV-250. These matching economical
additions offer VHF transmitting and receiv-
ing when coupled to your HF transceiver.

All Yaesu products are backed by a strong
warranty and a nationwide sales and service
dealer network.

See your Yaesu dealer or write for our
catalog. Yaesu Musen USA, Inc., 7625 E.
Rosecrans, No. 29, Paramount, California 90723

Our all new 6 meter solid state, 10
watt SSB, CW and AM transceiver
features in one compact unit complete
band coverage in eight 500 KHz seg-
ments with 1KHz VFO readout across
the entire band. Provision for up to
four crystal controlled channels in
each of the eight band segments, a
receiver offset clarifier, and an effec-
tive noise blanker — all add up to total
operating flexibility. A built-in AC and
DC power supply adds to the porta-
bility of the FT-620B transceiver.

Add up all these features and you
have another total performance trans-
ceiver from the radio company.

YAESU FTV-250



When the FCC approves
a /50kW power level
for12 clear channel AM stations
to better serve the people
of the United States,
EIMAC tubes will do the ob.

@

varian
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