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30 MODELS! THE WORLD'’S FINEST LINE OF AMATEUR AMPLIFIERS. BOTH

VACUUM TUBE AND SOLID STATE...FOR HF, VHF AND UHF...FIXED STATION
AND MOBILE...LOW POWER AND HIGH POWER. NEVER BEFORE HAS ONE
COMPANY MANUFACTURED SUCH A BROAD LINE OF 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. Operates on all amateur bands, 80 thru 10
meters Move up to the 2K-4. Floor console...$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 3-5002
grounded grid triodes for superior linearity and provides a
conservative three kilowatts PEP input on SSB with efficien-
cies in the range of 60% . This results in PEP output in excess
of 2000 watts. It provides a heavy duty power supply capable
of furnishing 2000 watts of continuous duty input for either
RTTY or CW with 1200 watts output. 3.5-30 MHz ....$1395.
4K-ULTRA

Specifically designed for the most demanding commercial
and military operation for SSB, CW, FSK or AM. 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. Can be supplied modified for operation on
frequencies up to about 100 MHz. ...$2950.00

TEMPO 6N2

The Tempo 6N2 brings the same high standards to the

6 meter and 2 meter bands. A pair of advanced design Eimac
8874 tubes provide 2,000 watts PEP input on SSB or 1,000
watts on FM or CW. The 6N2 is complete with self-contained
solid state power supply, built-in blower and RF relative
power indicator. ...$895.00

TEMPO 2002

The same fine specs and features as the 6N2, but for 2 meter

operation only $745.00

TEMPO 2006

Like the 2002, but for 6 meter operation. ...$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 communications. FCC type accepted also.
Drive  Qutput Drive  Qutput

Maodel Power Power Price | Model Power Power Price

LOW BAND VHF AMPLIFIERS (35 to 75 MHz)

Tempo 100C30 30w 100W  $£159 | Tempo 100C10 10W 100W $149

Tempo 100C02 2wW 100W 5179

HIGH BAND VHF AMPLIFIERS (135 10 175 MHz)

Tempo 130A30 30W 130W  $£189 Tempo BOADZ2 2w BOW $159
Tempo 130A10 10W  130W  $179 | Tempo S50A10 10w sow  § 99
Tempo 130A02 2W 130W  $199 Tempo 50A02 2W 50w $119
Tempo 80A30 30W 80W $149 | Tempo 30A10 10W  3ow $ 69
Tempo BOA10 10W  BOwW $139 Tempo 30A02 2W jow § 89

UHF AMPLIFIERS (400 to 512 MHz)

Tempo 70D30 30W 70W  $210 | Tempo 40D01 1W  40W $185
Tempo 70D10 10W 70W  $240 Tempo 25D02 2w  25W $125
Tempo 70D02 2W 70W $270 Tempo 10D02 2w 10W § 85
Tempo 40D10 10W 40W  $145  Tempo 10D0T W 10W $125
Tempo 40D02 2W 40W £165 Linear UHF models also available
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 ...$199.00

TEMPO 100AL10/B BASE AMPLIFIER ...$349.00

please call or write for complete information

11240 W Olympic Bivd., Los Angeles, Calif. 90064 213/477-6701
931 N Euclid, Anaheim, Calif. 92801 714/772-9200
Butler, Missouri 64730 B16/679-3127

Prices subject to change withou! notice
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The worlds first digitally tuned
SOM-10M SSB transceiver

with over 40,000 frequency synthesized channels.

e Ultra-stable frequency synthesizer ¢
Large LED readout ¢ 200 Watts PEP
input e All solid state including
electronic tuning ¢ Front end filtering
e Built-in TVI filtering ¢ Modular
construction ¢ WWV Receiver,
Squelch, Noise blanker, VOX, Speech
processing are standard e Full
metering.

Discover a whole new world of
communications with the CIR ASTRO 200
. the Ham SSB Transceiver that has
established a new plateau of sophistication

for the serious enthusiast.

The built-in digital synthesizer with LED
readout gives you over 40,000 crystal
controlled channels in the 80 through 10
meter bands with 100Hz resolution. Just
press a momentary switch and tune your
frequency with no moving parts.

Calibrate it with WWV at the turn of a
switch for absolute accuracy. No more
crystal calibration.

And, as for frequency drift, the

ASTRO 200 is ten times better than VFO
types. Total filtering sets the ASTRO 200
above all others for TVI and harmonic
suppression. Selectable USB or LSB allows
you complete flexibility, and extended band
coverage covers many MARS frequencies.
CW operation features include semi
break-in CW with adjustable delay and side
tone . . . no key click or CW chirp.

CIR offers a complete range of
accessories including fixed station console
and external frequency synthesizer for
crossband DX work.

This extremely compact transceiver is
only 2.8" high by 9.5"” wide by 12.3" deep
including heat sink. With all of these features
incorporating rugged militarized type
construction, it has no equal for SSB and
CW operation.

Be the first to learn more about the
exciting new CIR ASTRO 200 . . . ham
radio’s next generation transceiver.
Available in March. Write or phone for
complete details.

TRANSCEIVERS

CIR Industries, Inc., 1648 N. Magnolia Avenue, El Cajon, California 92020 U.S.A., Phone (714) 449-7633, Telex 69-7989
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PRICE
$1195.00

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

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

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

e ks

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

of codes, including Baudot, ASCII
and Morse. The powerful, program-
mable 80B0A microprocessor is in-
cludedinthe circuitry to assure maxi-
mum flexibilityfor your present needs
—and for the future. The KSR models
offer you full editing capability. The
video display is a convenient 16-line
format, of 72 characters per line.

These are some of the highlights,
The full range of features and speci-
fications for the ST-6000 and the DS
series of KSR and RO terminals
is covered in comprehensive data
sheets available on 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

2 february 1977

More Details? CHECK—QFF Page 118
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In its own way, Amateur Radio is starting to face one of the same problems that confronts everyone else in
the world — pollution. We are squeezing more and more people into the same amount of frequency
spectrum, and this is creating a congested mess for the Amateur operator. Mode and QSO battles rage
every night with CW on top of RTTY, one net against another, and contester vs casual operator.

Some Amateurs have been looking for the 1979 World Administrative Radio Conference to alleviate
congestion by expanding the Amateur bands, but as you can see in this month's presstop, it doesn’t look
promising. That means we’ve got to put modern technology to work to clean up our own act. We should be
pushing for cleaner emissions from transmitters, and receivers that are able to cope with the overcrowding.
However, the basic question arises, "How do you realistically compare various Amateur equipment?’’ Quite
frankly, with things the way they are now, you can't.

Each manufacturer wants to sell his equipment with its own special features, and the published
performance specifications naturally reflect those features. As a point of fact, the art of specification
writing hasn’t kept up with technology; gone are the days when receiver sensitivity and selectivity were the
only things you looked for in a receiver — today’s receivers must contend with an abundance of
closely-spaced, strong signals, but receiver ‘‘specmanship’ has changed little since the 1930s. The problem is
compounded by the fact that manufacturers seldom use similar methods to test their products!

The problems of comparing transmitters is minimal because the published specifications are relatively
straight forward: Essentially so many watts at some level of intermodulation distortion, during a two-zone
test. This is a basic testing procedure that produces understandable, comparable resuits. However, there's
still room for improvement. What is the impedance-matching range of the output tank circuit, for example,
or the dynamic characteristics of the ALC circuit?

Receivers pose a much larger problem. The ads for Amateur receivers still reflect the age-old sensitivity/
selectivity hangup — performance features that don’t tell you how well the receiver is going to stand up
under the high signal density of the real world. Some of today’s more notable writers add further confusion
by designing so-called “‘super’’ receivers and testing with different methods to different standards.

As it is, the problems cannot really be laid at the feet of any one group. Conversations with
manufacturers indicate that there is a lack of authoritative information on the subject, so they are generally
in a quandary when it comes to receiver testing. The commercial receiver manufacturers are faced with
much the same problem, and many have turned to the standards established by the English Ministry of
Posts and Telecommunications, or the German FTZ (their equivalent to the FCC). Recently some receiver
standards have been set up for Marine equipment, but there’s nothing available for the high-frequency
bands.

in our studies of this problem, the cooperation of Amateur Radic manufacturers has been outstanding.
One manufacturer even said that he would try to get any usable set of receiver test standards accepted by
his company! Only one offered any resistance, and he refused to discuss the issue, apparently feeling that
any disclosure of his testing methods would reveal proprietary information about his equipment.

What's needed by the Amateur Radio industry is a good set of methods and standards that will be
followed by everyone. A recent article by W7Z0I (QST, July, 1975) lays down a good set of guidelines for
checking the sensitivity, blocking, and IMD characteristics of a receiver, although the article has evidently
been largely overlooked. With a little refinement to adequately cover all pieces of equipment, this would
provide an excellent starting point. Obviously someone has to spearhead the effort to improve standards for
Amateur equipment, and we at ham radio magazine are willing to serve as a clearinghouse for your ideas. I
we can get our heads together, perhaps we can pound out a set of specifications that will make all of our
lives easier when it comes time to buy new equipment. And in the long run, a realistic set of standards will
inevitably result in better Amateur equipment for all of us.

Jim Fisk, W1DTY
editor-in-chief

4 february 1977



ICOM INTRODUCES
THE REVOLUTION IN
VFO TECHNOLOGY

EAiCOM ic-mas
M FM TRANSCEIVER

ENTER oz 0 _6

A/NOR  Dup

B/REV  5iM

ntroducing the IC-245, 144-148 MHz FM Transceiver

The VFO Revolution goes mobile with the unique,
[COM developed LSI synthesizer with 4 digit LED
readout. The IC-245 offers the most for mobile on the
market. The easy to use tuning knob moves accurately
over 50 detent steps and assures excellent control as
easily as steering the vehicle. With its optional adapter,
the 1C-245 puts you into all mode operation on 12V
DC power with a compact dash-mounted transceiver.
[n FM, the synthesizer command frequency is displayed
in 5 KHz steps from 146 to 148 MHz, and with the side
band adapter the step rate drops to 100Hz from 144 to
146 MHz. For maximum repeater flexibility, the trans-
mit and receive frequencies are independently pro-
gramable on any separation. The IC-245 even comes
equipped with a multiple pin Molex connector for re-
mote control.

The IC-245 is a product of the revolution in VFO
design, from its new style front panel, to its excellent
mechanical rigidity and Large Scale Integrated Cir-
cuitry. Your IC-245 will give you the most for mobile.

VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

SPECIFICATIONS
GENERAL
Frequency Coverage *144.00 to 148.00 MHz
Modes FM (F3)

*SSB (A3J), CW (Al)
Supply Voltage DC138V=15%
Size (mm) 90H x 155W x 235D
Weight (kg) 27
TRANSMITTER
TX Output F3 10W

*A3J 10W (PEP), Al 10W
Carrier Suppression 40 dB or better
Spurious RFadIaﬂon —60 dB or less below carrier
Maxd
Devigtion Y +5KHs
Microphone Impedance 600 ohms
RECEIVER:
Sensitivity *A3J, Al 0.5 microvolt input

Squelch Threshold
Spurious Response

SYNTHESIZER:
Frequency Range
Step Size

Stability

gives 10dB S +N|N or better
F3 0.6 microvolt or less for
20 dB quieting S+N+D[N
at 1 microvolt input, 30 dB
-8 dB or less (F3)
~60 dB or better

144 MHz to 148 MHz
5 KHz for FM
*100 Hz or 5 KHz for SSB
per C in the range of —10 to
+60 C, +0.0000145% per C

* Valid with SSB Adapter only

THE BEGINNING OF THE ICOM VFO REVOLUTION!

ICOM

ICOM WEST, INC.
Suite 3

13256 Northrup Way
Bellevue, Wash. 98005
(206) 747-9020

Distributed by:
ICOM EAST, INC. ICOM CANADA
Suite 307 7087 Victoria Drive

3331 Towerwood Drive
Dallas, Texas 75234
(214) 620-2780

Vancouver B.C. V5P 3Y9
Canada
(604) 321-1833
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SUSPENSION OF FCC LICENSE FEES went into effect January lst. The fee suspension
applies to all FCC licenses — broadcast and commercial as well as Amateur and CB.

It's the result of a Federal District Court decision stemming from a suit brought by
cable TV and other interests who had charged that the FCC's fee structure was arbitrary
and thus improper. !

Duration Of The Suspension will probably depend on Congressional action to provide
guidelines, and details are still being worked out. Suspension of license fees could
favorably affect the growth rate of Amateur Radio if historic relationship between
license fees and applications still hold. Amateurs who plan to apply for licenses or
license renewals are requested not to send any fees with their applications.

AMATEUR FREQUENCY ALLOCATIONS ‘PROPOSED in FCC's long-awaited Third Notice of In-
quiry concerning the 1979 World Administrative Radio Conference don't provide us with
the hoped for new HF bands but do expand some of the most important present bands.
Perhaps the most significant change is the moving of several lower band edges down:
two totally new allocations, one LF and the other in UHF, also offer intriguing
possibilities.
A Band-By-~Band Breakdown, shows the FCC plans to propose the following Amateur
assignments:
1600 Meters: 160-190 kHz (new, exclusive)
160 Meters: 1750-1800 kHz (new, shared), 1800-1900 kHz (exclusive),
1900-2000 kHz LOST

80 Meters: 3500-3900 kHz (exclusive), 3900-4000 kHz (shared)

40 Meters: 6950-7000 kHz (new, exclusive), 7000-7100 kHz (exclusive),
7100-7300 kHz (shared)

20 Meters: 13950-14000 kHz (new, exclusive), 14000-14350 kHz (exclusive),
14350-14400 kHz (new, exclusive)

15 Meters: 20700-21000 kHz (new, exclusive), 21000-21200 kHz (exclusive),
21200-21450 kHz LOST — but, encouraging informal discussions with
Maritime people (who were to take the 21.200-21.400 MHz segment)
suggest they may take 20.650-21.000 MHz instead, leaving

- 21.000-21.450 MHz exclusively Amateur, as it is now.
10 Meters: 28000-29700 kHz (exclusive, no change)

6 Meters: 50.0-54.0 MHz (exclusive, no change)
7 Meters: 144-148 MHz (exclusive, no change)

I3, Meters: 220-225 MHz (shared, with radio-location and land mobile — read

that Class E CB!)

3/4 Meter: 420-4350 MHz (shared, with some change in priority)

378 Meter: 902-928 MHz (new, shared), 935-938 MHz (new, exclusive)

Above T GHz, All The Bands we presently have are included in the proposal along
with specific sub-bands for the Amateur Satellite Service. The Notice of Inquiry
also proposed that the present microwave allocations, except for 48-50 GHz, be world
wide to encourage international exchanges between Amateur researchers.

REQUESTS FOR MULTIPLE NOVICE exams must be accompanied by the name and necessary
qualifications of the person (or persons) planning to administer the exams, names of
the individuals to be examined ang the date you expect to administer the exams. FCC
reports they've been getting a number of exam requests such as "I'll need a dozen or
so exams in the next six months' which they've had to reject.

PROPOSED FURTHER DE-REGULATION of the Amateur Radio Service has emerged from the
FCC in the form of Docket 21033 which would revise Part 97 of the FCC Regulations to:

Permit tepeater, auxiliary, and remote control operation of Amateur stations under
Primary, Secondary, and Club station licenses, and to continue the issuance of sepa-
rate licenses for such operatiouns;

Delete the requirement that the transmissions of so-called "open' automatically-con-
trolled repeater stations be recorded and the recordings be retained for a 30-day
period, and making minor revisions to the logging requirements for remotely-controlled
stations; and

Allow Amateur licensees greater flexibility in the choice of frequencies for re-
peater and auxiliary station use.

The Commission Also Invited comments on the adequacy or the like of current spec-
trum-management techniques in the Amateur Service. Comments are due by April 1, 1977
and reply comments are due by April 15, 1977.

AMSAT'S A-OD ORBIT is expected to have the following parameters if preliminary cal-
culations are correct: Period — 102 minutes; Apogee — 915 km (567 miles); Perigee —
830 km (515 miles); and an angle of inclination to the equator of 99 degrees. The
sun-synchronous satellite is expected to have a DX ''range' of approximately 6440 km
(4000 miles). LANDSAT C launch expected October, 1977.

6 @ february 1977



DenTron amateur radio products have always
been strikingly individual. This is the result,
not of a compulsion to be different, but of a
dedication to excellence in American crafts-
manship. This dedication now extends to one
of the worlds finest high performance Military
amateur amplifiers.

Luxury styling, however, would not be fully
appreciated without an exceptional power
source. The heart of the MLA-2500 is a heavy
duty, self-contained power supply.

Compare the MLA-2500. It has the lowest
profile of any high performance amplifier in the
world. It's modular construction makes it
unique, and at $799.50 it is an unprecedented
value,

Very few things in life are absolutely uncom-
promising. We are proud to count the DenTron
MLA-2500 among them. And so will you.

e ® o ® 8 @

MLA-2500 FEATURES

160 thru 10 meters

2000+ watts PEP input on SSB

1000 watts DC input on CW, RTTY, or SSTV
Variable forced air cooling system

Self contained continuous duty power supply
Two EIMAC 8875 external-anode ceramic/metal
triodes operating in grounded grid.

Covers MARS frequencies without modifications
50 ohm input and output impedance

Built in RF watt meter

117 V or 234 V AC 50-60 hz

Size: 5% H x 14" W x 14" D,

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

ntroducing the new MLA-2500

"he linear amplifier beyond compromise.

Amplifier in actual operation.

2100 Enterprise Parkway
Twinsburg, Ohio 44087
(216) 425-3173

Deniron_

Radio Co., Inc.
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——— HORIZONS, -

Amateur Radio’s New Fun Magazine!

A Brand New Concept written and edited with you in mind.

Ham Radio HORIZONS is a completely different idea, dedicated to the Beginner
and Novice yet put together in a way that everyone will enjoy. In fact this is the
first Amateur Magazine that will even appeal to the non-Amateur members of the
family.

Each month Ham Radio HORIZONS will be stressing the FUN side of our hobby —
working DX, winning contests, improving your station, earning awards and
upgrading your license. We'll be showing you how to get started in Amateur
Radio, the most fascinating of all hobbies. You name it, Ham Radio HORIZONS
will cover it and we'll do it in an easy to understand easy to enjoy manner.
Ham Radio HORIZONS is put together by the most experienced and capable team
of Amateurs in the field, experts who know how to relate their experiences in an
irresistable and exciting way — and just for you. You'll like Ham Radio
HORIZONS.

Amateur Radio is really on the move in 1977 and Ham Radio HORIZONS is com-
mitted to taking a leadership position in the rapidly expanding, forward looking
radio service that we are all so lucky to share. A lot's going to happen and Ham
Radio HORIZONS will be right there in the middie of it ail!

We're promising you the most exciting year of Amateur Radio reading you ever
had. Try a subscription and if you don’t completely agree we'll gladly refund the
unused portion of your subscription at any time.

! To: Ham Radio HORIZONS
E Greenville, NH 03048 3

Please sign me up for a one year (12 issue)
subscription to Ham Radio HORIZONS.

' {1 Enclosed is check or money order for $10.00.
(] Please charge my BankAmericard.

) [0 Please charge my MasterCharge Account.

Card No._ .

Expiration date__ ..

Bank No. (M/C only)__ _ .
Use your card or pay now and get an extra issue free

1
1
' [ Bill me later.

Name:___.___ . e D

Hurry and subscribe immediately so that we can
guarantee that you'll have a complete collection

of Ham Radio HORIZONS. Don’t be left out! ‘
ACT TODAY!

Address: .. e

City:_ . -

]
|
]
t
|
|
1
|
1

State: . — e TP
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' RECONSIDER THE
TS-700A

You probably have consudered purchasmg an all-mode, 2-meter transceiver, but '
figured that you couldn’t afford one. Figure again! Kenwood has lowered the price
of the fabulous TS-700A, making it much easier to get on the 2-meter band with a
top quality all-mode VHF system. At its new low price, the TS-700A is certainly the
“‘Pacesetter’” in both price and performance. And it's ready for immediate delivery

~in fact, your dealer probably has them in stock right now. There’s a lot of excite-

ment on 2 meters .. not only on FM, but SSB and CW too.
Check with your nearest authorized Kenwood dealer for the TS-700A s new low price.

+» Dperates all modes: SSB (upper & lower), your receive frequency and the radio does These fine accassories are

FM, AM, and CW the rest .. . Simplex repeater reverse also available for use with
« Completely solid state circuitry provides * Or dolthe same thing by plugging g_s_mgle your TS-700A.
stable, long lasting, trouble-free operation crystal into one of the 11 crystal pesitions for

your favorite channel

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

+ Zero center discriminator meter

» 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 MH2) ", Trangmit/Receive cabability on 44 channels ,f"
instead of the usual 2 with 11 crystals "

» Automatically switches transmit frequency * Complete with microphone and built-in MC-50
600 KHz for repeater operation. Just dial in "~ speaker

KENWCJDD

.« paceseller i amaleur radio

TRIO-KENWOOD COMMUNICATIONS INC.
116 EAST ALONDRA/GARDENA, CA 90248



improvements to the

RX noise bridge

Circuit and
construction improvements
for this simple device

Improve accuracy and
measurement range
for impedance

measurements from
3.5 to 30 MHz

How often have you wanted to know the exact
impedance — both the resistive and reactive components
— of your high-frequency antenna? Although the vener-
able swr meter recognizes the situation which makes the
transmitter happy, it very often is misleading with regard
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to actual antenna resonance and related matching adjust-
ments. Amateur literature has approached the subject of
measuring complex impedance in the high-frequency
range a number of times. In spite of all this, the use of
these techniques by amateurs is still relatively uncom-
mon. This is indeed unfortunate, since many antenna
adjustments become systematic if resistance and reac-
tance are accurately known.

The rf noise bridge is one of several devices that can
be used to make this type of measurement. YA1GJM's
excellent article originally got us interested in this
device.! Subsequently, we have pursued modifications
to the instrument which both improve its accuracy and
extend its range. Ultimately, an rf noise bridge unit
resulted which has the following significant character-
istics:

1. Measurement accuracy of 3 ohms rms* for both
the resistive and reactive components of representative rf
loads.

A parts kit for the noise bridge is being made available in
conjunction with this article. For information and prices write to
G. R. Whitehouse & Co., 10 Newburg Drive, Amherst, New
Hampshire 03031,

By Robert A. Hubbs, W6BXI, and A. Frank Doting,
WENKU. Mr. Hubbs’ address is 2927 Roberta Drive,
Orange, California 92669; Mr. Doting can be reached
at 13031 Ranchwood Road, Santa Ana, California
92705



2. Capability, from 3.6 to 30 MHz, to measure com-
plex impedances equivalent to any point within a 5:1
swr circle on @ Smith chart with a Z, = 50 ohms.

3. A calibration concept which does not require
laboratory standards and is valid over the entire fre-
quency range up to 30 MHz.

4. Construction cost under $20.00.

With reasonable care, anyone can achieve these same
results. All you have to do is follow the instructions on
construction and calibration which are included in this
article. In addition to these tips we will cover a wide
range of other topics relative to the noise bridge. The
first two sections describe the basic principles of the
noise bridge and some history regarding its development.
The next three sections describe our principal contribu-
tions — extending the range and improving the accuracy
of the instrument. Details on how to build, checkout,
calibrate, and use the improved instrument are concen-
trated in the last three sections.

noise bridge description

An rf noise bridge may be used to measure complex
impedances — normally a very difficult thing to do
without laboratory instruments. It works as shown in
the block diagram of fig. 1. An unknown impedance to
be measured is connected to the input terminal of the
bridge; a receiver is connected to the output terminal
where it is used as a sensitive, frequency-selective
detector. Contained within the bridge is a wideband
noise source which provides a signal over the frequency
range of interest. Reference devices with known rf
impedances are used to balance the bridge section and to
measure the unknown impedance.

A schematic diagram of the bridge portion is shown
in fig. 2. It works in the following manner: Wideband
noise is injected into two legs of the bridge in equal
quantities via a core transformer, T1. With the unknown
impedance connected and the detector (your receiver)
set to the desired frequency, R, and C are adjusted for
the deepest obtainable null. T%ere is some interaction
between the two adjustments, depending upon frequen-
cy, so that a readjustment between the two controls may
be required to obtain the deepest null. When the null
condition is achieved, the value of the unknown
impedance is equal to the parallel combination of R
and C To permit measurement of both positive and
negatlve values of parallel capacitance, the zero value of
the C,, dial is set with the variable capacitor, C , Approx-
umatefy half-meshed. To balance the bridge W|th this
offset, a fixed capacitor, C¢, is placed across the un-
known terminal. This forces the bridge to balance with a
purely resistive load when the half-meshed C}, is equal to
Cf. However, by labeling the Cp dial zero at this point,

*Rms stands for root-mean-square which is a measure of disper-
sion. Mathematically it is equal to the square-root of the average
or mean value of the squares for a series or data points. For
random errors, usually about two-thirds of the errors will be
smaller than the rms error.

the correct capacitance is registered by the instrument.
Several advantages of the naise bridge concept now
become apparent:

1. The frequency at which the measurement is being
made is determined by the detector {your communica-
tions receiver), and this should be very accurate.

2. Measurement of inductive reactance does not
require an accurate variable inductance which, in
practice, is difficult to build.

3. Very little power is required from the noise source
generator since the detector is quite sensitive.

On the negative side, you might expect some diffi-
culty with this circuit for the following reasons:

1. The capacitance dial does not read out directly in
ohms since this parameter is a function of the measure-
ment frequency.

2. The resulting R and C values are parallel-circuit
values, and series parameters are required in many
practical applications.

3. A large amount of parallel capacitance is required
to achieve balance with some modestly reactive
impedances, particularly at low frequencies.

REFERENCE
{MPEDANCE

wiDE BAND
NOISE BRIDGE  |—e—HF RECEIVER
SOURCE

UNKNOWN
IMPEDANCE

fig. 1. The noise bridge includes five major elements, three of
which are internal to the instrument. The heart of the instru-
ment is the bridge section itself. This is excited by a broad
spectrum noise source. The unknown impedance and a reference
impedance form separate legs of the bridge section. The refer-
ence impedance is varied until it equals the unknown impedance.
When this occurs, the bridge is nulled and the output of the
high-frequency receiver goes to a minimum.

Don’t become overly discouraged over the negative
aspects — we would like to add that none of these are of
serious concern and, in fact, the first two reduce to
simple calculations with a hand-held calculator. The
third may be handied with the aid of a range extension
assembly which we discuss in a later section. The
required mathematical relationships will be covered in a
section devoted to practical applications.

initial units

Our exposure and efforts on the practical noise bridge
circuit had an innocent beginning when we built the
noise bridge described by YA1GJM with the modifica-
tion suggested by K2BT.1.2 |[nitial experiences were
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delightful. Extremely deep and repeatable nulls could be
obtained while measuring complex impedances. Actual
use of the device on antenna measurements and adjust-
ment of a transmatch were not, however, nearly as
fruitful. Adjustment of a transmatch to obtain a
measured 50-ohm resistive impedance with a 21-MHz
antenna system did not coincide with the adjustments to

REFERENCE
RECEIVER

UNKNOWN

fig. 2. The bridge section of previously recommended noise
pridge designs included a trifilar wound transformer. This injects
wide spectrum noise approximately equaily into the two halves
of the secondary. When the parallel combination of the un-
known impedance, shunted by a capacitor, Cg, is equal to the
paratliel combination of R and Cp, the bridge is balanced and
the receiver detects a null condition.

achieve minimum swr meter readings. Similarly, we
found that the familiar Heath dummy load did not
appear to be close to the 50-ohm design value at the
higher frequencies. Somewhat perplexed at this point,
we fell back to consider the next step.

K2BT mentioned evidence of calibration shifts when
using the device at higher frequencies and this seemed to
be related to our experience. We also began to suspect
that our knowledge of the impedance of carbon resistors
which we had been using to evaluate performance of the
bridge was not satisfactory.

We decided to explore the intrinsic performance of
the noise bridge in a more rigorous manner. Fortunately,
we have access to a Boonton Radio RX-Meter, model
250A. This is a highly respected, laboratory quality
instrument which also measures the R-C parallel equiva-
lent representation of an rf impedance. Test circuits
were constructed of various resistances, capacitances,
and/or inductance combined in parallel or series. These
were measured first on the Boonton and next on a
second noise bridge unit which we built with more care
to shorten leads in the bridge circuit. The results are
summarized in table 1.

These data were mostly concentrated at the higher
frequencies (21 and 28 MHz) where problems, if
encountered, were expected to be most pronounced.
Table 1 indicates some interesting consistencies as well
as some interesting anomalies. The noise bridge nearly
always indicated a more inductive (smaller) CP than the
RX Meter. The only exception was test circuit 1. Here
the error was not only capacitive but also extremely
farge. There was also a tendency for the noise bridge to
indicate a higher than correct value for Rp, particularly
for higher values of load resistance.

It is interesting to compare these results with the
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words of K2BT.2 He thought his unit exhibited an
“inductive rotation’’ of the ¢, calibration at the higher
frequencies. That is a succinct way of summarizing our
Cp data in table 1. Conversely, however, K2BT did not
notice R_ errors at the higher frequencies. YATGJM
claimed that 2-watt composition resistors in the 10- to
160-ohm range exhibit ““about ~14 pF inductance in
parallel with their indicated resistance values.””l Test
circuits 1 and 4 are composition resistors, number 1
being a 15-ohm value, and number 4 a 150-ohm value.

We find it very interesting that our noise bridge also
indicated roughly this value of shunt inductance for
these resistors. Note, however, that the readings are
incorrect! In general, our findings indicate that composi-
tion resistors above 50 ohms exhibit relatively small
values of shunt reactance. In fact, these are handy
devices for use in calibrating the noise bridge as we shall
explain later.

We were basically dissatisfied with the performance
of this latest noise bridge. We think it is fair to say that
our unit was probably as good as those made by either
YA1GJM or K2BT. Indeed, as pointed out above, there
appear to be significant correlations in the way our unit
performed with the descriptions provided by these
authors, Therefore, it seemed probable to us that some
systematic errors were inherent to all these units. This
prompted us to vigorously attack the problem of
accuracy improvement.

improving accuracy

We could easily fill this entire issue of ham radio if we
tried to relate, in any detail, all the avenues pursued in
trying to improve noise bridge accuracy. A total of six
different units were built with variations in each which

" we thought would be helpful. Many of our initial recipes

for improving accuracy turned out to be blind alleys;
others showed promise but did not provide the desired
improvement. In the end we found four distinct design
changes which definitely improve the performance of
the instrument.

All of our improvements relate to the fundamental
problem of achieving balance in the bridge section.
Consider fig. 2 which shows the previously recom-
mended trifilar-wound transformer, T1. Clearly the
desire is to balance both sides of the secondary circuit.
Indeed, if the parallel combination of the unknown
impedance and the fixed capacitor, Cf, is equal to the
parallel combination of R, and C,, the secondary
should be balanced. However, this will be true only so
long as there are no additional coupling paths which
affect secondary circuit balance. Unfortunately, the
toroidal transformer couples energy between the
primary and the secondary circuits both inductively and
capacitively. Thus, if the primary circuit is unbalanced as
it is in the trifilar configuration, then you can expect
this capacitive coupling to slightly unbalance the second-
ary circuit as well,

To understand this point, imagine small fixed capaci-
tors from the primary circuit to the secondary circuit.
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fig. 3. The recommended improved bridge section contains a
quadrifilar wound transformer. This winding technique signifi-
cantly reduces unbalanced capacitive coupling between the
primary and secondary circuits. An electrostatic shield between
the bridge and the amplifier electronics is also recommended.

Since the dot ends of each winding are physically near
each other, then you expect the reference side of the
secondary circuit to be most tightly coupled to the
ungrounded side of the primary, whereas the unknown
side would be more tightly coupled to the grounded part
of the primary, circuit. It is not difficult to imagine
rather significant unbalancing effects from this unbal-
anced capacitive coupling — particularly so at the higher
frequencies.

Fig. 3 schematically shows the recommended trans-
former configuration. The toroid is wound in a quadri-
filar configuration. The additional winding serves to
balance the primary to secondary circuit capacitive
coupling. Note that one end of this primary circuit is left
floating. To achieve the most perfect balance, it should
be tied back to ground through an impedance equal to
the driving impedance of the amplifier stage. However,
from a practical standpoint, our results indicate no
measurable improvement in trying to simulate this amp-
lifier impedance with various terminations. Hence, we
recommend leaving the other end floating as shown in
fig. 3.

Note also that a grounded electrostatic shield is
installed between the amplifier and the toroid. This
serves the same purpose as above, reducing stray capaci-
tive coupling to the secondary circuit. These are two of
the four improvements we made, and in retrospect it is
clear that the quadrifilar winding is the more important
improvement.

Ground loops can easily exist in rf circuits. Unfortu-
nately, they are difficult to diagnose and their effects on
circuit performance are sometimes difficult to predict.
We had observed strange behavior in several of our early
noise bridge models which we now ascribe to this
phenomenon. The mechanism is relatively simple, The
chassis is necessarily part of the secondary circuit. It is
also possible to have currents from the primary circuit
return through the chassis; however, when this occurs,
the primary and secondary circuits are again coupled in a
way which may lead to unbalanced behavior. Rather
than pre-empt the section which carefully details how to
build our improved noise bridge, we will conclude dis-
cussion of this third recommended improvement by
simply saying it is necessary to carefully ground the

amplifier and bridge circuit components to achieve the
best accuracy.

After making all three of the above noise bridge
improvements, we were still noting some residual high-
frequency unbalance. Our results, measuring carbon
resistors in the 150-200 ohm range with the Boonton
250A, indicate that these resistors have very small
equivalent paraliel capacitance — usually 1 or 2 negative
picofarads. Hence, as we shall see in the section on
checkout and calibration, they are convenient standards
for estimating noise bridge accuracy. At 3.5 MHz,
measuring a 150-ohm resistor, the modified noise bridge
would correctly indicate very small parallel capacitance,
but at 28 MHz it could indicate nearly -10 pF and,
furthermore, the indicated resistance value was higher
than it should be. We soon discovered that by reversing
the secondary winding of the quadrifilar transformer,
the effect could be made to reverse. Hence, the error at
28 MHz would now be in the capacitive direction and
the indicated resistance would be too low. This clue was
sufficient to point us in the right direction.

Consider fig. 4. Suppose we have a parallel R-C circuit
to which we add a very small series inductance. We wish
to find the parallel R'C’ circuit which, at some particular
frequency, has the same impedance as the circuit with
the added series inductance. The algebra you have to
grind through to get expressions for R’ and C’ in terms
of R, L, C, and frequency is a bit tedious. However, if
you are willing to make the approximation that the

[

L
[~ R 1

z Z,rj2w L+
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fig. 4. A small amount of series inductance added to a circuit
results in a shift in the R-C parallel representation of the
impedance of that circuit. The shift in impedance can be repre-
sented by another parallel R’ - C' circuit. Numerical values for
the shifted resistance and capacitance are found from the equa-
tions in the text. These are approximate in that they assume the
reactance of the series inductor to be smaliler in magnitude than
the reactance of either R or C.

reactance of the small inductor is much less than that of
any of the other components, then a relatively simple
result emerges:

' R

R' = —
1+8n2fZLC
C' =~ C(1+4n?2f2LC)- L/R?

where fis frequency.
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Now to the point of this whole discussion. Suppose
you wished to measure the impedance of a 100-ohm
resistor with your noise bridge., On the unknown side
you would have the 100-ohm resistor in parallel with the
fixed capacitor. For the moment, assume the fixed

fig. 5. The range of impedance which can pe measured using the
basic noise bridge configured with a 365 pF variable capacitor
and a 250-ohm potentiometer is shown in this diagram. Since
capacitor reactance varies with frequency, the range of the
bridge increases with increasing frequency as shown. The center
of the Smith chart is 50 ohms and other impedances are scaled
relative to this value, A 2:1 swr circle is shown on the chart for
comparison.

capacitor to be 180 pF. Ideally, the bridge section would
balance if you turned the pot and the variable capacitor
on the reference side to these same values. Suppose,
however, that one of these sides, either the reference or
the unknown, had a small 10 nanohenry inductance in
series with it. At 3.6 MHz, using the equations shown
above, R' = 99.8 ohms and C' = 179.2 pF.

Hence, at this frequency, the very small series
inductance causes a small but essentially immeasurable
shift in bridge balance. However, at 28 MHz, using the
same values as before, R’ = 90.0 ohms and C' = 189.0
pF. Thus, the very small series inductance becomes a
significant bridge unbalance at this frequency. If it exists
on the known side, it causes the bridge to overestimate
the resistance and to miss the correct capacitance on the
inductive side. If it exists on the unknown side, the
errors are reversed.

To put this in perspective, no. 28 (0.3mm) wire has
an inductance of about 9 nanohenries/centimeter. In the
process of winding a toroidal transformer and in wiring
the bridge section it is not hard to imagine getting an
extra centimeter of copper in one side of the bridge.
Hence, our fourth and last suggested improvement is to
achieve final bridge balance using a short piece of bare
hook-up wire on the unknown side of the bridge to
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balance this effect. We will discuss this procedure in
more detail in the section on checkout and calibration.

range extension

In terms ot parallel equivalent circuits, the range of
the noise bridge using a 250-ohm pot for Rp, a 365-pF
variable for Cp, and 180 pF for Cf is roughiy:

0<RP < 250 ohms
-180 pF <G, <180 pF

This representation, however, is not very informative.
Instead, let’s look at this range as a contour plot on a
Smith chart. WIDTY discusses the use of these charts in
the November, 1970, issue of ham radio, and this discus-
sion assumes that you are familiar with using them.3

Since the reactance of a fixed capacitor is frequency
dependent, we can expect the range of the bridge to also
be a function of frequency. This is shown in fig. 5. In
this presentation the center of the chart is 50 ohms. Five
contours are shown; each represents the range of the
noise bridge at the indicated frequency.

Suppose you wished to measure the impedance of an
antenna at 3.5 MHz. Suppose further that the antenna
swr at this frequency is 2:1. Therefore, its impedance is
somewhere on the 2:1 swr circle on the Smith chart.
Note, however, from fig. b that only a very small portion
of the possible impedances on a 2:1 swr circle are within
the bridge’s range at 3.5 MHz. K2BT noted this same
problem, and recommended using a 365 pF variable
instead of the 140 pF variable originally suggested by
YA1GJM to increase the bridge’s range. K2BT also
suggested building the bridge so that fixed capacitance

22
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fig. 6. The range of the basic noise bridge can be greatly ex-
tended by adding a 100-ohm resistor in series with the unknown
impedance. The extended range of impedances which can be
measured using this technique is shown on this Smith chart. The
center of the chart is 50 ohms, and the extended range includes
all points on and within a 5:1 swr circle at 3.5 MHz.




could be added in parallel to either the reference or
unknown sides of the bridge. We feel this is an excellent
technique. Its only limitation is the required size of the
fixed capacitance and possible construction difficulties.
For instance, to measure any point on a 2:1 swr circle at
3.5 MHz requires the addition of up to 510 pF to the
bridge. Extending the requirement to a 5:1 swr circle
requires up to 2010 pF fixed capacitance.

An alternative which we feel is often more attractive
is the addition of 100-ohm resistor in series with the
unknown. In effect, this lowers the Q of the circuit to be
measured and brings the resultant within the range of
the bridge. The possible range extension at 3.5 MHz is
shown graphically in fig. 6. This extended range includes

blocks, including discrete resistors, capacitors, and
inductors and, in several cases, short coaxial lines with
resistive termination, we built a number of additional
test loads. QOur intention was that these loads should
include both inductive and capacitive reactance and both
small and large values of resistance. They were
synthesized to be roughly arranged around the 3:1-swr
circle on a Smith chart with Z, = 50 ohms. Some of

table 1. A noise bridge unit built according to previously
described articles as compared to a Boonton 250A RX meter.

MEASURED IMPEDANCE PARAMETERS

test noise arror relative

. e R ircuit  freq. bridge to Boonton
all points on and within a 5:1 swr circle at 3.5 MHz and cred! red Boonton 9
b | ith i ing f number MHz Rp Cp Rp Cp ARP Acp
ecomes even larger with increasing frequency. . 1 7.2 155 —156 17 _18 1.5 138
A convenient range extender assembly will be 2 28.2 138 —-62 160 -65 22 -3
described in the construction section; the mathematical 3 21.2 162 -43 162 ~52 Y -9
formulas required to process the noise bridge readings 4 28.2 149 -1 160 ~15 11 -14
with the 100-ohm range extender in place are included 5 14.2 141 59 145 45 4 T4
. NOw ; 6 21.2 375 182 3s 150 -2.5 -32
in the applications section.
results table 2. Improved noise bridge units 2 and 3 as compared with

. ifi .
So far we have stated that accuracy improvements to unmodified unit 1 and the Boonton RX meter

the noise bridge can be made with certain design
changes. We have also alluded to a technique for

MEASURED IMPEDANCE PARAMETERS

extending its range. The last three sections of this article cit:,s:it freq. Boonton Unit 1 Unit 2 Unit 3
will describe in detail just how to accomplish these number MHz R, C, Rop Cp Ry Cp R, Cp
results. However, before we proceed with these detailed 1 7.2 155 -156 17 -18 14 -160 16 -160
descriptions, it’s logical (and motivational) to demon- 2 :‘:; 138 62 igg “;Z igi —25 142 —Z‘;
strate our claims, . . . . : 28.2 1§: fi 160 -15 150 —: 127 -1
Table T summarized data taken on a noise bridge in 5 142 141 59 145 45 142 60 136 58
accordance with earlier prescriptions. By way of compar- 6 21.2 37.5 182 35 150 35 165 34 170
ison, table 2 summarizes measurements made on these rms measurement error relative
same terminations, but taken with two units built as to the Boonton 10.2 585 21 7.8 29 5.9

described in this article. These are labeled, respectively,
Unit 2 and Unit 3. Each of us built one of these, and
other than the specific requirements imposed in the
construction section, they are dissimilar. For purposes of
comparison, the data from table 1 (and Unit 1) are

table 3. Improved noise bridge units 2 and 3 as compared with
the Boonton RX Meter for a number of representative test
circuits. All recorded data was converted to series impedance and
therefore the entries have units of ohms.

repeated. _test. 100.-ohm measured impedance
R . . . circuit freq. resistor

Units 2 and 3 show a marked improvement in their number  MHz used Boonton Unit 2 thit 3
correspondence to the Boonton measurements. The 1 7.2 no 15 +j2 14 +j1 16 +j2
“inductive rotation’’ error evident in Unit 1 all but 2 14.2 yes 19 + jas 22 + ja9 19 + jag
disappears in both these units. Further, the rather sizable 3 28.2 no 42 +63 49 + 167 48 + 66
error in measuring the C, of the first load has dis- 4 21.2 no 86 +j81 91+i80  93+j79
d. Th v signifi p t hich ined i 5 28.2 no 149 + j6 148 +j16 147 + j4
appeared. The only significant errors which remained in 6 142 no 9167 90 - 67 91 - j63
the Unit 2 and 3 data are on the last test circuit where 7 3.7 yes 51 -jas 52 - jaa 51 - jaa
errors of 12 and 17 pF, respectively, were made. But 8 21.2 no 21-j19 22 -j17 21 -ij17
these are one-half the corresponding error in Unit 1. 9 3.5 yes 17 +j16 22*117 ;3*%;2

P . . 10 7.0 yes 23+j34 +i35 +]

ic ror .
A|s'o, any substantial ind atuo.n of a systematic error in 11 14.0 o 120 + j61 122 + j58 123 + j54
resistance measurements has disappeared. The rms error 12 21.0 no 55 - j59 54 - 61 54 — 58
pretty well summarizes the data. Units 2 and 3 out- 13 28.0 no 21 -j16 21-j17 19 -j13
performed Unit 1 by a factor of more than three to one! 14 3.5 yes 85 - j67 81 - j66 gg - Jeegs
: 7.0 yes 39 -j51 38 -j53 -ja

Ithough the results shown in table 2 pretty clearl 15 ,
. dA o . pretty £ Y 16 14.0 yes 19 - j14 17-13 19 - j14
indicate an improvement in measureme_n_t accuracy for 17 21.0 ves 20+ j14 22412 20+ 16
both Units 2 and 3, we felt that additional data was 18 28.0 no 43 +ja7 48 + ja9 46 + |52

desirable to more fully explore the accuracy potential of
the improved units. Using a number of different building

AR =3.20ohms AR =3.0 ohms
AX =j2.9 ohms AX =j2.8 ohms

rms measurement error
relative to the Boonton
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fig. 7. Interior layout of the improved noise bridge is shown in
this photograph. A copper electrostatic shield encloses the bridge
section. The three leads from the bridge section can be seen at
the upper right-hand corner of the perf board. One Is a ground
lead and the other two are leads from the primary of the toroid.
One primary lead is connected to the amplifier output; the other
is left unattached as explained in the text.

these impedances are clearly outside the range of the
noise bridge in its usual configuration. In these cases, the
100-ohm resistor technique briefly described above is
required to obtain a measurement.

Table 3 shows the results of measuring these new test
loads on Units 2 and 3. In all cases, the measurements
were converted into the series circuit equivalent of the
measured impedance. As before, the data are compared
with those taken on the Boonton 250A RX-Meter. For
convenience, these data were also converted to series
equivalent.

There are several ways of describing the accuracy of
these measurements. The rms error for each unit was
about 3 ohms in both the resistive and reactive com-
ponents. Considering the distribution of errors, one is 10
ohms, several are in the 5 to 7 ohm range, but nearly
half are 1 ohm or less! While we shall purposely avoid
making a global statement about the accuracy of these
units, the data is encouraging well beyond our original
hopes. Many high-quality instruments have accuracy
expressions relating to “percent of full-scale reading;"
our noise bridges appear to be in the “few’ per cent
category.

constructon
Figs. 7 and 8 shows the details of construction we
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recommend. The 2% by 2% by 5-inch (5.7x5.7x12.7cm)
box allows easy construction as well as a component
arrangement which minimizes lead length. A conven-
tional 365-pF air-dielectric variable can be made to fit in
this same box, although it is recommended that the
more compact Archer 272-1341 capacitor be used to
improve access to the actual bridge circuit wiring during
calibration. The amplifier circuit, fig. 9, was built on a
small piece of perf board in the model pictured although
two other units we built used a printed-circuit board.
Both construction techniques resulted in identical per-
formance and the circuit itself is immune to layout
variations. The potentiometer should be a linear taper,
carbon variety such as an Allen-Bradley, type J. Wire-
wound pots are unacceptable because of their high
inductance.

Shielding is arranged so that the battery, electronics,
and on/off switch are external to the critical bridge
circuit components. Copper sheeting was formed so that
one end is secured under the variable resistor and the
sides are clamped between the flange of the chassis-
mount coax connectors and the box. The electronics
board was then mounted with a single screw and spacer
on the major surface of the copper shield.

Short leads are important in the bridge circuit area
with the exception of the leads going through a single
hole in the shield near the output end of the electronics
board. Of particular importance is the detail involved
with grounding. The ground lug of the variable capacitor
is used as the focus of a single-point grounding system;
an insulated ground wire is routed from this point to the
electronics along with both ungrounded primary leads
from the toroidal transformer. Both ends of the primary

fig. 8. This closeup photograph of the bridge section shows the
location of major components. The small 365 pF variable is on
the left while the 250-ohm pot is in the background behind the
toroid. The SO-239 coaxial connectors are on either side of the
box between the capacitor and resistor, providing a compact
layout. The leads to the amplifier ground and from the toroid
primary, as well as the hole through the copper shield to
accomodate them, are in the lower right. The series inductance
balancing device can be seen emanating from SO-239 connector
on the bottom.



windings will be required during the calibration
sequence. Overall construction of the noise bridge is
shown in figs. 7 and 8, and retention of this component
layout is encouraged.

Construction of the 100-ohm range extender is quite
simple with the use of a PL259-to-Motorola type pin
plug (Archer 278-208). This unit fits conveniently into
the back of a PL-259 plug (Archer 278-205). The
adapter plug must be modified to allow for series con-
nection of the 100-ohm, %-watt carbon resistor. All but
% inch (6.bmm} of the Motorola plug is cut off,
including the center pin. The 100-ohm resistor is
soldered to the shortened inner pin and the assembly is
then inserted into the PL-259 plug.

Several spots can be soldered to secure the two units
together and the resistor lead projecting out of the
PL-259 plug may then be soldered. The layout of the
assembly is shown in fig. 10; the completed unit is
pictured in fig. 11. It might be tempting to consider
installing the 100-ohm range extender inside the noise
bridge with a switch to more easily select its use. This
was tried, with mixed results, so we recommend you use
the external device if comparable accuracy is desired.

checkout and calibration

Initial checkout of the noise bridge can be accom-
plished by connecting the unit to your receiver and
leaving the unknown coax connector unterminated.
There should be generous amounts of noise anywhere
between 3.5 and 30 MHz! Although the output falls off
somewhat at the higher frequencies, an S-9 signal should
be expected on 10 meters. No null can be expected
under these conditions. By varying the R and C dials,
however, some variation in the S-meter reading is
normal. Failure to observe these results requires checks
of wiring and measurement of bias levels on the zener
and transistor terminals. Access to an oscilloscope is
helpful for signal tracing, but it was our experience that
voltmeter measurements are quite satisfactory.

The next step in the checkout is to see if nulls can be
achieved and that the bridge circuit is basically working.
Connect the range extender assembly to the unknown
coax connector and short the output of the 100-ohm
resistor to ground through a physically short connection.
By placing the receiver on 80 meters with a short agc
time constant, if available, it should now be possible to
find an extremely sharp null on the S-meter by adjusting
both the R, and C, dials. Since there will be some
interaction ﬁetween the adjustments of the dials, the
sequence must be repeated until the minimum S-meter
reading is obtained. This nuil should be all but absolute,
that is, near zero on the S-meter.

Since the unknown being tested is near 100 ohms
with little reactance, the resistance dial, which is linear,
should read approximately 40 per cent of scale from the
zero position, and the capacitance dial would be
expected to read near the center of its range. Inability to
obtain these results indicates a problem in the bridge
circuit and transformer connections should be checked.
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fig. 9. Schematic diagram for the improved noise bridge unit,
Construction details are discussed in the text.

Offset of the capacitance dial from approximate center
would indicate difficulty with the 180 pF fixed
capacitor.

Assuming a successful checkout, you can now
proceed with calibration. Preparation includes lightly
steel-wooling the paint under the R and C dials to
remove the gloss and permit the use of India ink or a
fountain pen for scale markings. Later, a clear alcohol-
based artist-type aerosol spray can be applied to protect
the markings and make them more durable. Some clear
sprays interact with ink, so a preliminary try is advised
to avoid an upsetting experience after you have finished
the calibration sequence.

With both the receiver and unknown disconnected,
the resistance dial can be calibrated by attaching an
accurate ohmmeter to either coax connector and
ground. Surprisingly, dc resistance readings and
accompanying marks on the resistance scale are very
accurate from 80 through 10 meters. Tick marks every
10 ohms are a good balance between readability and
scale appearance. Lacking an accurate ohmmeter, it
might be advisable to locate several 1 per cent resistors
in the 10 to 250 ohm range for reference.

Calibration of the capacitance dial is most easily
accomplished with a capacitance meter. The variable
capacitor must be temporarily disconnected from the
rest of the bridge. Establishing the 180 pF dial setting as
zero, the scale can then be marked in both directions to
an ‘‘end-of-sscale” reading of approximately 180 pF in
either direction. Tick marks every 10 pF are desirable;
the most clockwise 180 pF value should be marked with
an L to indicate that inductive reactance is in that
direction.

Lacking access to a capacitance meter, calibration of
the C dial requires the following sequence: Connect the
noise bridge to your receiver and select the 80-meter
band. A 100-ohm, %-watt carbon resistor and a selection
of accurate capacitors in the 10 to 180 pF range should
be at hand. Start with the 100-ohm resistor only and
attach it to the unknown coax connector with short
leads. Establish a null by observing the receiver S-meter
and adjusting both the R and C dials. The resulting
position of the C dial can then be marked as zero. By
adding small values of capacitance in parallel with the
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100-ohm resistor and rebalancing the bridge each time,
the dial can be marked progressively until the 180 pF
value is reached.

The next step is to temporarily remove the 180 pF
fixed capacitor inside the noise bridge. Returning to the
100-ohm resistor measurement at 80 meters, capacitance
should be added in parallel until the C dial reads zero as
marked in the earlier step (approximately 180 pF will be
required). Small values of capacitance should then be
removed from the 100-ohm resistor until the scale has
been marked as desired. Since the C scale is quite linear,
some liberties may be taken in the form of estimating
intermediate scale markings as long as accurate capaci-
tors are used during the calibration process.

Following the scale marking sequence, all circuits can
be returned to their original state in readiness for
compensation adjustments which will assure accurate
performance over the 3.5 to 30-MHz frequency. A
150-0hm, Ys-watt carbon resistor should be placed on the
unknown coax connector with short leads. The noise
bridge may then be nulled on 3.5 MHz: both the
resistance and capacitance dial should read fairly accu-
rately at this point (150 ohms, 0 pF). Possibly the C dial
might read slightly off zero at this time and the knob
can be moved on the capacitor shaft to correct this
situation. Moving vyour receiver to 30 MHz, again
measure the 150-ohm resistor. If you get the same
readings as you did at 3.5 MHz, the effort is over and
you have a good instrument!

More than likely you will see a small shift at 30 MHz.
If the R, dial reads higher, and the C,, dial reads on the
inductive side of zero, then your bridge needs additional
series inductance on the unknown side. We recommend
that you solder a short piece (about 1 inch or 25mm) of
bare hookup wire to the S0-239 coaxial connector

- CUT AT THIS POINT

INSERT IN PL- 259
- —— ——e
=LI00 chmapr——0

—_————————— =

P1-259-MOTOROLA PL-259 CONNECTOR

PIN PLUG ADAPTER

fig. 10. Construction details for the 100-ohm range extender
unit. A PL-259 to Motorola pin plus adapter is first prepared by
cutting off all but %" (6.5mm) of the pin and shank. A %2 watt,
100-0hm resistor is then inserted in the pin of this adapter and
soldered. The shortened shank and resistor are then inserted in
the back of the PL-259 plug. The other resistor wire is soldered
to the center pin of the PL-259 connector. Soldering the exterior
surfaces together compietes the assembly.

marked wunknown. The fixed C;, 180 pF capacitor
should remain soldered at this connector with a short
lead to ground. The wire from the transformer
secondary should be removed from the S0-239 con-
nector and fastened instead to the 1 inch (25mm) piece
of wire. Connect it to the far end of this wire and rerun
you balance test.
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You should now find that your error at 30 MHz has
reversed (instead of R, reading too high, it will now be
too low). In addition, the C, reading should be on the
capacitive side of zero. If this is the case, move the wire
from the transformer a little closer to the S0-239

fig. 11, The co d range extensi bly.

connector along the 1 inch (25mm) wire and rerun your
test. You should find a point where the R | and the C.,J
dials read very nearly the same at 30 MHz as they did at
3.5 MHz. When they do, your work is complete.

Suppose, instead of R!, too high and C,, inductive at
30 MHz, your first measurement (without the 1 inch or
25mm wire) indicates the opposite. This means that
your bridge has too much inductance on the unknown
side. In this case, instead of trying to add wire to the
known side it is easier to reverse the transformer primary
windings to shift the error in the other direction. Then
you can proceed to finish the calibration as discussed
above.

Suppose you find a high-frequency shift that is differ-
ent from those discussed above. Perhaps RP increases
and C,, also increases (goes capacitive). If this is the case,
it indicates your unbalance is more than just a problem
of unbalanced series inductance and you should check
your layout, particularly the winding and placement of
your transformer. Try and make this layout as clean as
possible. Make sure your shielding is effective and that a
chassis ground loop does not exist. If all this is done
properly, the residual unbalance should be such that it
can be compensated with the series inductance
technique.

applications

There are a number of applications in the shack
which are ideally suited for the noise bridge. The first
and most obvious is to use it to measure antenna
impedance. Since the measurements will be made with
the noise bridge located near the receiver, you will want
to transform the values measured to those that apply to
the antenna’s feedpoint. Again, the Smith chart is



recommended and W1DTY's article or the latest issue of
the ARRL Antenna Handbook discusses the technique
in detail.3** An example of the results that might be
obtained are shown in table 4 and fig. 12. These data are
from an actual 80-meter inverted-vee antenna with isala-
tion traps resonant on 40 meters. It is fed with 60 feet
(18.3m) of RG-8/U coaxial cable.

The actual mathematical steps involved in noise
bridge impedance measurements are quite easy and

100-ohm resistor must be subtracted from R before it is
entered in the corrected series impedance column.”®

At this point, the equivalent series representation
may be plotted on a Smith chart, making allowance for
the rotation required due to the electrical length of the
transmission Jine used. The electrical length is easily
established by using the velocity factor (v) for the coax
in use (66 per cent for RG-8/U) and the following
relationship

table 4. The noise bridge measured impedance of an actual 80-meter inverted vee antenna. Starting with the
recorded values of R, and C_, the data are converted to equivalent series impedance, and finally “rotated” through
the 60-foot (18.3m) length of RG-8/U used to feed the antenna. The final column tabulates the measured

impedance of the antenna at its feedpoint.
calculated

fraquency noise bridge capacitor series

MHz recorded data reactance impedance

Rp Cp Xp Ry Xs
3.50 149 -163 279 116 62
3.55 164 -163 275 121 72
3.60 202 -141 313 143 92
3.65 240 -98 445 186 100
3.70 129 -66 651 124 25
3.75 78 152 -279 72 -20
3.80 144 20 -2092 143 -10
3.85 121 -9 4589 121 3
3.90 118 -39 1045 117 13
3.95 116 -65 619 112 21
4.00 117 -84 473 110 27

relatively fast once the pattern is established. First,
record the bridge readings; then compute the reactance
of the parallel capacitor. The parallel circuit elements are
then converted to series equivalent elements. These
transformations are performed using the following
equations:

X = -159,000
p f Cp
where f = frequency in MHz
C, = capacitance in pF

For the 4.0-MHz data point,

-159,000

4.0(-34) = 473 ohms

sz

Converting to series equivalent values required use of the
following equations:

X,? R,%
R,=R X, =X, =B
PP ORZ+X)2 $TPR,Z4X,?

Substituting 4.0 MHz values of R, and Xp:

- 473)? = 110 ohms
R =117 i17y2 +(473)2 ~
2
X, =473 (117) = 27 ohms

(117)2 +(473)2

If the range extender was used, then actual values of the

100-ohm corrected transmission
resistor series line antenna
used impedance length impedance
Rg X R, Xs
yes 16 62 0.323A 30 -95
yes 21 72 0.328A 27 -85
yes 43 92 0.333A 25 -65
yes 86 100 0.337)\ 24 -50
no 124 25 0.342\ 26 -31
no 72 -20 0.346\ 33 -9
yes 43 -10 0.351A 41 9
yes 21 3 0.356A 48 45
yes 17 13 0.360A 65 70
yes 12 21 0.365\ 75 105
ves 10 27 0.370X 95 140
of
A= wavelengths
984v 2
where £ = physical length of coax in feet
f =frequency in MHz
For 4.0 MHz
A= (60)(4.0) _ 0.370 wavelength
984(.66)

The equivalent series impedance components must, of
course, be normalized to the Z, value {division by 50 in
this case) prior to plotting on the Smith chart. Construc-
tion details for the 4.0 MHz data point are shown in fig.
12. Although the influence of feedline loss could have
been included, the degradation is small on 80 meters
and, therefore, was ignored. The final results as
presented by fig. 12 allow considerable insight into the
workings of this antenna:

1. Resonant frequency is 3.78 MHz.

2. Feedpoint impedance at resonance is 37 ohms.
3. Bandwidth with swr < 2:1 is 100 kHz.

4. Bandwidth with swr < 3:1 is 200 kHz.

With an antenna such as this one, you should not
expect to load your transmitter at the band edge with-

*You should measure the actual value of your 100-ohm resistor
by shorting the output end of the range extender and nulling
your noise bridge.
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out causing some sparks in your final tank circuit! A
transmatch must be used to make the transmitter happy.
Then there is the problem of properly tuning the trans-
match at the frequency of interest. A good way to do
this is to place the noise bridge at the transmatch input
terminal and set the dials to R,, = 50 ohms and C,, = 0.
Then by turning the transmatch dials, look for a null.

If a null can be found, the resulting swr at the
transmitter will be very close to 1:1. And the best part is
that you’ve done this without radiating any power and
causing interference. 1t's a good idea to log these results
for future reference. Be cautious, however, with this test
setup, because it's possible, by hitting the wrong
switches, t0 apply power to the antenna through the
noise bridge. If you do this, even for an instant, you'll be
in the market for a new 250-ohm pot and perhaps a new
transistor in the amplifier circuit.

The particular antenna discussed earlier did not have
a balun installed at the time these measurements were
taken. In trying to find a suitable core to wind a balun,
we discovered another application for the noise bridge.
A core of appropriate dimensions but uncertain ancestry
was available. In practice the resulting balun transformer
didn’t work. To discover why, a 50-ohm carbon resistor
was soldered across the secondary of the balum and the
input impedance measured with the noise bridge. With a
good 1:1 balun we would expect to see an R, of
approximately 50 ohms in parallel with a negative Cp
representing the reactance of the primary of the trans-
former. If this parallel reactance is large with respect to
50 ohms, the transformer works as it should. In this case
we found a very high impedance primary circuit, beyond
the range of the bridge. This indicated that the core
material was not designed for the frequency range
desired so a different core had to be obtained.

Another pet application involves power meters. We
have built several of these and have wondered about
their accuracy. if you have both a 50-ohm dummy ioad
and a transmatch, you can use the noise bridge to
synthesize arbitrary transmitter loads of interest. Unless
you spent a lot of money for your dummy load, it
probably is not exactly 50 ohms at any frequency. If
you used it to set the null on your power meter, that
null will not be the best that can be obtained. By using
the transmatch/dummy load combination, you can
synthesize an accurate 50-ohm impedance.

In addition, do you have confidence that when your
power meter indicates a 2:1 swr that this is in fact the
case? With the above hardware, you can synthesize an rf
impedance of either 100 ohms or 25 ohms. Both should
yield an swr of 2:1 on a 50-ohm coaxial cable. You
might try this to see if your power meter indicates the
correct values.

The last application we shall discuss effectively
demonstrates the extreme range capability of the
instrument when using the 100-ohm resistor modifica-
tion. it is often desired to know the inductance of an rf
coil. With air-core coils having uniform dimensions, it is
possible to accurately compute inductance using
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fig. 12. Smith chart plot of the noise bridge measured impedance
of an actual 80-meter inverted vee antenna. The construction of
the 4.0 MHz data point is shown for lilustration. The measured
impedance at 4.0 MHz must be rotated 0.370 wavelength
stoward the load” to account for the 60 (18.3m) RG-8/U
transmission line. 2:1 and 3:1 swr circles illustrate the
bandwidth of the antenna. The bandwidth Is relatively narrow
since the antenna (s physically short (about 100’ or 30m long)
and relies on the inductive toading effect of 40-meter traps to
achieve resonance on 80 meters.

standard formulas. These formulas are much less precise
and are more difficult to apply to inductors wound on a
core such as a toroid. However, using the rf noise bridge,
it is very easy to directly measure inductance in the
“few’’ microhenry range.

By nulling the noise bridge with the 100-ohm resistor
in the circuit and the unknown coil attached, observe
the R and C, readings. If a reading is not possible, try a
lower frequency. The C, reading should be negative, of
course, indicating the inductive reactance of the foad.
The inductance of the unknown coil in microhenries is
calculated by

_ —REC2
10,000
We leave it as an exercise to mathematically inclined

and interested readers to derive this equation. Most, I’'m

sure, would prefer to prove it by demonstration with a

real rf coil. We earnestly invite you to build the rf noise

bridge as described here so you can perform the demon-
stration yourselves!

L uH
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milliwatt

A low-power

frequency counter

using RCA COS/MOS ICs
that operates to

4 MHz and above

How would you like to have a truly portable milli-
powered frequency counter that is usable to over 4
MHz? The RCA line of COS/MOS digital logic integrated
circuits makes it possible to build such a counter with a
total power consumption of 300 milliwatts (12 volts at
about 25 milliamps including current to light a seven-
digit display).

features

With no circuit changes, such a counter can be run at
any loosely regulated voltage between 4 and 15 volts
with no loss of accuracy. It's possible to operate the
counter from a common 9-volt transistor battery, a
12-volt automobile battery, or rechargable nickel-
cadmium batteries. Obviously, fine-power operation is
possible by using a 6-volt transformer with a rectifier
and filter.

The portability feature of this counter allows it to be
used in hard-to-reach pfaces in the same way that a
hand-held vom is sometimes more useful than an ac-
operated bench-type vtvm.

Although the freguency range of the counter is stated
as “‘over 4 MHz"” (to comply with published specifica-
tions on COS/MOS ICs), the model constructed actually
works to 6.2 MHz. If a higher frequency range is desired,
a single TTL divide-by-ten prescaler will increase the
frequency to 50 MHz, which is more than adequate for
maost applications.

In designing this very low-power counter, it was
decided to follow a nonconventional course of logic.
This approach gives some insight into the use of a
random-access memory, bus registers, and multiplexing.

A copy of the printed circuit board layout can be obtained by
sending a self-addressed stamped envelope to ham radio, Green-
ville, New Hampshire, 03048

portable counter

This last item, multiplexing, is of interest because it
provides a great reduction in digit current. Each digit is
illuminated only 10 to 20 percent of the time. In other
words, each digit operates on a 10-percent duty cycle
and is off more than on. To the eye, of course, it appears
to be continuously on. The peak current is higher than
the normal continuous current, but because of the
human eye, the average current can be less for the same
apparent brightness. In addition, only one digit is lit at
any given time.” Alfso the use of muitiplex reduces the
number of wires between the circuit board and the digits
themselves. This makes is easy to mount the circuit
board near the frequency source to be measured while
the digits are placed where they are most convenient to.
read.

conventional counter

Fig. 1 shows the block diagram for a conventional
frequency counter. Each divide-by-ten IC has a BCD
output, which is stored in a latch, decoded, and dis-
played. While the dividers are counting, the information
in the latches keeps the digits lit with the previous data.
Periodically the new data is fed into the latches and the
digits show the new values. All digits are lit at all times.

In a muitiplex system, the decoder outputs are tied
physically to a common set of bus lines. At clocked
intervals, each decoder becomes electrically connected
to the buses and its data is fed to all the LEDs. However,
at the same time, only one digit corresponding to the on
data is allowed to light through its common emitter and
an external transistor that is clocked in synchronism
with the data. Thus multipiexing is ideal for remote
readout of data collected elsewhere, Most decoder out-
puts are two-state; that is, either high or low. With
several outputs tied together, a conflict of decisions is
continuously occurring on the common bus lines, To
separate the data, it is necessary to put a diode in each
output line to isolate it except when its data is desired.
For seven digits, each with seven segments, 49 diodes are
needed.

improved system

To overcome this disadvantage, while being able to
reduce the number of wires by 65 percent, a different
system was developed, still using RCA COS/MOS devices
for low-power consumption. Fig. 2 is a block diagram of
this system.

The circuit difference lies in the manner in which
data is combined, multiplexed into memory, then
separated into two multiplexed outputs. One output is
for the 3 feast-significant figures and the other for the 4

By Robert M. Mendelson, W20KO, RCA/Solid State
Division, Route 202, Somerville, New Jersey 08876

*1n this circuit, two digits are lit at once as explained later.
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fig. 1. Block diagram of a conventional
counter. Fifty wires are required be-

tween decoders and digital readouts.
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most-significant figures. Use fig. 2 or 3 to follow the
explanation.

A 10-kHz crystal oscillator is used as the standard
clock. The dividers and logic gates, U14 through U19
and half of U5, are used in conventional circuitry to
provide the one-second count time as well as reset and
write pulses. Note, however, that U15, an RCA
CD4017A, has parallel as well as serial outputs. At any
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fig. 2. Block diagram of improved counter. Only 18 wires are
required from the decoders to a 7-digit remote readout display.
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time one of the 10 parallel output pins will be high.
Each input pulse will move the high output in continu-
ous sequence from zero to nine and back to zero. Each
of these output pins will go high for every tenth pulse,
but only one will be high at any given time. These pulses
are the source of the clock timing for the bus registers,
memory location and digit on time.

Assume the counters are counting. The changing BCD
data in each counter also appears at the input to their
respective bus registers, which are inactive until they are
turned on. Each bus register has its own enable line tied
to a different parallel output line of the CD4017A. One
at a time, each bus register is activated, and the counter
data is fed to the 8-bus multiplexer.

The memory, U10, an RCA CD4039A, has storage
capacity for 4 words of 8 bits each. The memory sees
this continuous changing flood of data on its input lines,
but ignores it until it receives a write pulse from the
control logic. This pulse occurs only after the counters
have finished their one-second count and are in standby
with the final count data. The location in memory for
each data set is then chosen by a pulse that selects the
word-enable lines, one at a time in synchronism with the
data being fed to the bus lines. For one word, this data is
the same pulse that enables bus-register one, UG. There-
fore, word one becomes memory storage for the data
from register one. The enable pulse then moves to bus
register two, U7, and word two is enabled. The same
action occurs with words three and four. This circuit has
now multiplexed the counter data into memory.

Now let’s notice the choice of data being fed to each
memory word. The counter outputs are BCD and are
therefore 4 bits long. Since each bus register can handle
8 bits and each word is also 8 bits iong, the data from
two counters can be fed simultaneously to each memory
word.

The pairs chosen are not consecutive but are a
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combination of digit one with four, two with five, and
three with six; digit seven operates alone. The reason for
this becomes evident when we see how the data is read
from memory and separated.

Because the memory words each contain 8 bits (two
BCD sets), two 4-bit decoders are necessary. One will
receive the 3 least-significant figures and the other the 4
most-significant figures. The data is fed from memory by
the same pulse that chooses the word to receive data.
However, the reading ability is continuous while writing
can occur only when the write line enables it. Thus the
latest final-count data in memory is continuously being
circulated to the output lines: first word one, then two,
and so on. At any instant only one word appears at the
output. As each word appears it is decoded by the two
RCA CD4511 ICs U11 and U12. The first four bits go to
one decoder; the last four to the other.

In a multiplex readout, the a segment of each digit is
tied to a common line, each b to another line, and so on.
The choice of the digit that is lit is made through the
cathode of each digit. Thus digits 1, 2, and 3 have
common segment lines. Digits 4, 5, 6, and 7 have a
separate set of common segment lines. One of the de-
coders just mentioned goes to one multiplex set and the
other to the second multiplex set. This is possible
because the data being handled is from dividers one and
four, U2 and U3. Had the data been from consecutive
dividers (say one and two), the decoder outputs would
have to feed data to the same line at the same time. As
shown earlier this is not possible.

After word one is read and transferred to the digits,
word two is read and data two and five are sent to the
digits. Words three and four then follow in sequence.
Since all three (or four) digits on a common set of lines
receive the same data that was meant for only one digit,
it is necessary to strobe each digit in time with its proper
data. This means that the clock pulse that allows word
one to be read must also turn on the correct pair of
digits corresponding to this data. This is done by transis-
or, U13, an RCA-CA3081 connected to the cathode
lines of each pair. The transistor is turned on by the
same clock pulse that allows word one to be read.

The strobe rate is not critical as long as it’s faster than
50 pulses per second to prevent flicker. In the circuit
shown, it is strobing at 1 kHz because that was a con-
venient divider from which to draw the pulses U15.

Since any digit is on only one-tenth of the time, the
peak current sent to each segment is higher than it
would be for continuous operation, but the average
current is actually less than it would be for continuous
operation.

construction

Construction should present no problems. The PC
board is shown in fig. 4. A top view is shown in fig. 5.
Because of the number of lines on the circuit board, the
use of a single-sided board requires several cross-over
wires. The more ambitious might try a two-sided board.
Layout is not critical. Bypass capacitors, 0.01 uF, are
used at the Vg, pin of each IC where possible. These,

HPBS082 7414 7415
2

10.00 KHZ

fig. 4. Top view of the layout of the portable counter.

together with the large power-supply filter capacitor,
eliminate any oscillation problems. For those unable to
make the board, the circuit can be hand wired.

There are absolutely no adjustments to be made for
complete operation. Accuracy will depend entirely on
the accuracy of the crystal clock. Use of a 0.01 percent
accuracy crystal will give 0.01 percent accuracy *1 digit.
The clock frequency may be trimmed slightly at C1 or
C2 (fig. 3).

applications

The use of the counter is limitless. Complete porta-
bility with battery power allows its use in the home or
field. It is excellent for setting teletype mark and space
tones or fm repeater tones. Signal-generator frequencies
as high as 4.5 MHz for TV alignment can be set more
accurately. Another suggested use is musical instrument
tuneup with a microphone pickup. The counter should
be excellent for the piano or organ, especially electronic
organs where direct pickup from the dividers is possible.
With external circuits, it can be used in the car as the
readout for a tachometer or speedometer. Surely you
have already found a need for it.

acknowledgement

| would like to acknowledge the help received from
RCA COS/MOS Applications Engineering and especially
from Stanley Niemiec in choosing the ICs used in the
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interstage

for vhf converters

Many mixers and
preamplifiers require

a 50-ohm load —
here's a circuit

for providing

a wideband resistive
termination with
minimum insertion loss

When cascading modules for receiving systems, it is often
necessary to make sure that a particular stage is
presented with a reasonably precise 50-ohm termination,
over a relatively broad range of frequencies. One such
requirement involves terminating a low-noise preamp-
lifier which, although unconditionally stable at the
operating frequency, is potentially unstable out-of-band.
The highly reactive termination presented by a bandpass
filter, operated off resonance, may cause the amplifier to
oscillate at some undefined frequency, significantly
degrading system noise figure and intermodulation per-
formance. Another problem involves the image-
frequency termination of double-balanced mixers. It has
been shown that, to maximize a mixer’'s dynamic range,
the i-f port must be properly matched — not only at the
signal frequency, but also at any multiple-response
frequencies appearing at the i-f.!

One method for obtaining a broadband interstage

50-ohm terminator

approach introduces additional system losses which tend
to degrade overall sensitivity. Another solution uses
interstage duplexers which shunt the undesired
frequency into a 60-chm load.3 This practice, however,
is applicable only when the frequency of the undesired
response is known and is well removed from the signal
frequency. The circuit in fig. 1 overcomes these short-
comings: It appears virtually lossless at the signal fre-
quency and provides a wideband 50-ohm termination to
any other frequency components which are present
{limited only by the reactive nature of the load resistors
at microwave frequencies). Additionally, this network
provides the desired degree of interstage selectivity, as a
function of the component values chosen.

The circuit of fig. 1 is by no means original; it was
brought to my attention by Gary Frey, W6KJD, who
first encountered it in a commercial receiver design.
Gary and | have both used the circuit extensively in vhi
and uhf transmit and receive converters with consider-
able success.

cr

lNo—wp—fVS*‘\——‘{ (——T—O out

P

350 503
b
Lz cz;[
Xy, * X, * 50Q

X g *Xga* 507Q

fig. 1. Vhf terminator which provides a wideband 50-0hm termi-
nation with minimum insertion loss. Component values are based
on desired circuit (), as discussed in the text. Equivalent circuits
at resonance, and above and below resonance, are shown in fig.
2.

circuit operation

In the circuit of fig. 1 capacitor C1 and inductor L1
form a series-resonant circuit at the operating frequency,
while C2 and L2 are parallel resonant. At resanance the
impedance of L1-C1 is at a minimum, the impedance of
L2-C2 is maximum, and the signal path from input to
output appears as a short circuit across the two 50-ohm

impedance match is based on the use of resistive attenu- By H. Paul Shuch, WAG'UAN!, Microcomm, 14908
ators between various stages.?2 Unfortunately, this  Sandy Lane, San Jose, California 95124
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fig. 2. Equivalent circuit of the 50-ohm vhf terminator at
resonance (A), above resonance (B), and below resonance (C).

resistors, as shown in fig. 2A. Thus the insertion lass of
the network at resonance is minimal (due primarily to
component fosses in the resonant circuits).

At frequencies far above resonance, capacitors C1 and
C2 appear as short circuits, and inductors L1 and L2
appear open. Thus the circuit is equivalent to that shown
in fig. 2B, with input and output isolated from one
another, and each port terminated in a 50-ohm load.

Well below the resonant frequency, both capacitors
appear open, the two inductors may be thought of as
short circuits, and the equivalent circuit of fig. 2C
applies. Again, maximum isolation exists between the
two ports, and each is terminated in 50 ohms.

A less clearly defined condition exists at frequencies
slightly removed from resonance. Isolation is incomplete
and the transfer coefficient is a function of circuit Q.
Thus the selectivity characteristics of a single-pole band-
pass filter are achieved. However, non-propagated signal
components are not reflected, as would be the case with
a simple resonant circuit. Rather, they are absorbed by
the 50-ohm loads, giving the interstage network its wide-
band terminating properties. Since reflected waves are
not evident from either port, bilateral out-of-band isola-
tion has been achieved.

determining circuit Q

Assuming minimum dissipative losses in the reactive
components, circuit Q is primarily a function of the
ratio of the reactances at resonance to the terminating
impedance (50-ohms in this case). Selecting a desired
circuit Q, component reactances at resonance are found

from:
Xp1=Xc1=50Q

XLZ =XC2 =50/Q

Ideally, any desired circuit Q could be selected, and
component values derived. Practical considerations, how-
ever, restrict practical values of Q to 10 or less. Higher Q
is possible if passband insertion loss is not a significant
consideration, but this usually requires that variable
capacitors be used to set the network to resonance at the
desired frequency. With lower values of Q, fixed
components of standard values may be used with mini-
mum circuit degradation.

The required Q is a function of the amount of out-
of-band isolation which is desired, as well as the fre-
quency separation between the signal and spurious
components. It is useful to relate isolation requirements
to ripple bandwidth, which is defined as center

frequency divided by Q. As a rule of thumb, isolation is
10 dB for frequency components separated from

‘resonance by *3BW and 20 dB of isolation is achieved at

the center frequency £10BW.

In receiving converters, when terminating the i-f port
of a balanced mixer, the rf feedthrough, LO feed-
through, and image frequency components may be
separated from the i-f signal frequency by an order of
magnitude or more. In such cases a Q of one may be
entirely adequate to effectively isolate all spurious
components. (Incidentally, a Q of unity is the only case
for which C1=C2and L1 =L2).

Improperly terminated uhf preamplifiers, on the
other hand, often tend to oscillate in the vhf spectrum (a
common occurrence with Microcomm’s RA-70,
432-MHz preamplifier, for example). Therefore, the
terminator following a preamplifier should exhibit
relatively high Q so it will provide adequate isolation at
the frequency of potential instability, thus suppressing
oscillation. An acceptable compromise seems to favor a
Q of about 5. Insertion loss thus remains low (fractions
of a dB), selectivity is moderate, and components have
practical values and are non-critical.

Table 1 lists actual component values for terminators
operating at various i-f and rf frequencies of interest to
radio amateurs, assuming a circuit Q of 5. At the lower
frequencies the circuits may be built successfully by
using disc capacitors and either miniature molded rf
chokes or hand-wound toroidal inductors. In the uhf
region, the use of chip capacitors and microstripline

table 1. Interstage 50-ohm terminator component values (Q = 5)
for various vhf and uhf amateur bands.
frequency (MHz)
10.7 28 50 144 222 432 1296

L1 (nH) 3720 1420 796 276 179 92 30.7
C1 (pF) 59.5 22.7 12.7 4.4 2.9 1.5 0.5
L2 (nk) 149 56.8 31.8 11.1 7.2 3.7 1.2
C2 (pF) 1430 568 318 111 71.7 36.8 123

inductors seems more appropriate. Of course, as frequen-
cy is increased, lead lengths must be kept to a minimum.

acknowledgements

| wish to thank Gary Frey, W6KJD, for bringing this
terminator circuit to my attention, explaining its opera-
tion to me, and calculating the component values
presented in table 1. And | owe a special thanks to Stan
Savage, W6ABN:; his frustration in fighting oscillations in
not one, but two Microcomm preamplifiers, convinced
me of the importance of providing an effective, broad-
band impedance match.
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ine WECkender

fixed-frequency
receiver for WWV

Calibration standards are essential to ensure on-frequen-
cy operation when working with rf circuits. One source
of such standards is the National Bureau of Standards
station WWV. In addition to frequency calibration data,
WWYV provides propagation forecasts, geophysical alerts,
and storm information. All this information is available
to anyone with a receiver capable of receiving WWV
signals

Some work | was doing recently with crystal oscilla-
tors required a reference frequency that WWV could
provide. | didn’t have a receiver capable of tuning any of
the NBS station frequencies, so | decided to design and
build cne. Requirements were that the receiver have high
sensitivity, portability, low-power consumption, and low
cost. This article provides design and construction infor-
mation for a receiver that meets these requirements and

By Andrew M. Hudor, Jr., Physics Department,
University of Arizona, Tucson, Arizona 85721
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which, with a little innovation, can be readily adapted
for other uses in the hf spectrum.

The RCA CA3088 IC! was chosen as the basis for the
receiver design. The converter, i-f, detector, audio pre-
amplifier, agc, and a tuning meter output are all
contained on this single chip! The block diagram of the
CA3088 is shown in fig. 1A. Using this IC resulted in a
saving of size, cost, and design time.

The CA3088 is not without its disadvantages, how-
ever. A good front end design is critical to receiver
performance, since any signal lost there can't be
recovered later, and any noise introduced at that point is
amplified with the signal in the following circuits. A
separate mixer and local oscillator provide superior per-
formance to the simple converter circuit in the CA3088.
Fortunately, the converter and i-f input on the IC are
not committed to each other. Fig. 1B shows the internal
schematic of the CA3088; it can be seen that the conver-
ter transistor has all of its terminals accessible. In fact, it
has dc bias applied to its base, and only the ac paths are
required to make it a crystal-controlled local oscillator.

Converter. A modified Pierce oscillator was designed,
using the converter transistor of the CA3088. A mixer
circuit was taken from reference 2. This circuit uses a
junction fet, which gives more gain than a diode mixer
and has less noise than a bipolar transistor. Fewer
components were required to bias the junction fet,
which was the main reason for selecting it over a mosfet.

Rf stage. A dual-gate-protected mosfet was used for the
rf stage. This circuit was also taken from reference 2.
The mosfet has excellent gain and low-noise perfor-
mance, and the dual gates allow one gate to be used for
the incoming signal, while agc can be applied to the
other. The mosfet also has the advantage of not
normally requiring neutralization when used in small-
signal rf amplifiers. This greatly simplified alignment
while eliminating a costly and space-consuming trimmer
capacitor.
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fig. 1. Block diagram of the RCA CA3088 receiver chip, A, and its internal schematic, B (from reference 1). In the WWV receiver design a
separate local oscillator and mixer replace the converter circuit shown here.

Coils. The use of toroidal inductors also helped to
reduce circuit complexity. The toroids have sufficient
bandwidth so that adjustment is not necessary in the rf
stage, mixer, or local oscillator. Although the very first
version of the circuit used standard slug-tuned inductors,
the toroids proved superior by making the circuit more
stable. The area occupied by the inductor was reduced,
adjustment was eliminated, and the toroids were actually
lower in cost than the original coils.

|-f, detector, and audio. The i-f, detector, agc, and meter
output were used as in reference 3. Transformers were

used for the i-f stages instead of crystal filters since they
were readily available and lower in cost.

The RCA CA3020 was selected for the audio-output
stage, since | had a few of them in my parts stock. ft
turned out that using this IC yielded several advantages.
The frequency response of the CA3020 can be shaped
by selecting coupling and bypass capacitors. These com-
ponents were selected to give an audio bandpass between
300 Hz and 3 kHz to reduce noise and increase signal
intelligibility. The basic circuit for the audio output
stage was taken from reference 4. The CA3020 had
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fig. 2. WWV receiver block diagram. An RCA CA3020 was added as an audio-output stage. The af circuit has a shaped frequency response,

which reduces noise and increases intelligibility.

sufficient gain to be driven directly from the detector
output of the CA3088. It also has squelch capability by
application of a dc control signal to pin 11, The
remaining audio preamplifier on the CA3088 was recon-
figured, and with a few other components, a sguelch
circuit was added to the reciever.

The complete block diagram of the receiver is shown
in fig. 2. The result of the design was a high-quality unit
that has many other possibilities in addition to its
orignial application as a fixed-frequency WWYV receiver.
Total parts cost was about $30.00.

construction
The 10-MHz WWYV signal was chosen for the proto-

Ordinary inductors can be used for L1, L2 and L3,
but | recommend toroids. Silver mica capacitors are used
for C1-C6, as well as the 20 pF, 100 pF, and the 10 pF
capacitors in the circuit. It's not advisable to replace
these capacitors with ceramic types. The i-f trans-
formers come as a set from Radio Shack {(part number
273-1383). T1 has the gray core; T2 the white core. The
other transformer and the oscillator coil are not used, {f
you substitute transformers, make certain they have the
same pin connections if you use the printed circuit. T3,
the output transformer, is a Radio Shack item, part
number 273-1381. Almaost any germanium diode can be
used for D1 in place of the 1N277, and many silicon npn
transistors can be used for Q3.

table 1. Receiver front-end component values for receiving WWV, WWVH, and CHU.

crystal C1 Cc2 c3.Cca
freq freq value value values
station (MHz)  (MHz) (pF) (pF) (pF)
WWV WWVH 2,50 2.955 300 820 220
WWV WWVH 5.00 5.455 120 680 100
WWV WWVH 10.00 10.455 56 330 47
WwWV WWVH 15.00 15.455 33 330 30
WWV WWVH 20.00 20.455* 30 330 27
WWV WWVH 25.00 25.455* 24 300 22
CHU 3.33 3.785 300 820 220
CHU 7.34 7.795 68 350 56
CHU 14.67 15.125 33 330 30

*Qvertone crystal

c5

value

(pF)
30
30
30
30

short
short

30
30
30

c6 L1&L2 L3 coil
value turns AWG (mm) AWG (mm) Corest
{pF)
150 66 32 (0.2} 32 (0.2} T37-2
150 49 32 (0.2 32 (0.2 T37-2
150 40 32 (0.2) 32 {0.2) T25-2
150 37 30  (0.25) 30 (0.25) T25-6
10 29 32 (0.2) 32 (0.2) T25-6
10 26 32 (0.2) 32 (0.2 T25-6
150 50 30 (0.25) 30 (0.25) T37-2
150 44 32 (0.2) 32 (0.2) T37-2
150 36 32 (0.2) 32 {0.2) T25-6

tAvailable from Amidon Associates, 12033 Otsego St., North Hollywood, California 91607

type design, since this frequency has the best daytime
signal strength in my area. The circuit, fig. 3, can be used
in any part of the hf spectrum with only minor com-
ponent changes. Table 1 gives component values for
WWV, WWVH, and CHU frequencies. For local-oscillator
frequencies below 20 MHz, a fundamental-cut crystal is
used, and for frequencies above 20 MHz, an overtone
crystal is used. When using the overtone crystal, C5 is
replaced by a short and C6 is reduced to 10 pF. The load
capacitance of the oscillator circuit is 32 pF and must be
specified when ordering crystals.”

30 february 1977

Construction practices are not critical. Keep lead
lengths short and use sufficient bypassing on the power
buses. Oscillator tank coil L3 should be isolated from
the rf tuned circuits to prevent desensitizing the rf
amplifier. There are no special handling precautions for
Q1, since it is a protected gate type.

A printed circuit layout is shown in figs. 4 and 5. This
is a double-sided board, which uses one side as the

*Available from JAN Crystals, 2400 Crystal Drive, Fort Myers,
Florida 33901.
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fig. 3. Receiver schematic. Broadband toroids are used instead of slug-tuned coils in the rf, mixer, and local-oscillator to reduce circuit

complexity and increase stability.

ground plane. Some of the components are soldered to
both sides of the board, so to avoid burned fingers and
incinerated components, some planning is necessary
before assembling the PC board. Solder the components
that are connected to the ground plane first. Solder the

shortest components first, then solder components in
order of increasing height. This will prevent the
difficulty of soldering a component to the ground plane
that is surrounded by taller components already in-
serted,

Ii_;r{r]r[ru[rﬂimmpnpg

[[‘I{I]IP P‘]II[IH'T I 5-" ' i

Parts placement in the prototype version of the 10-MHz WWV receiver. Power requirements are 12 volts at 100 mA. For portable work,

alkaline penlight cells will provide hours of service.
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fig. 4 Top and bottom of the receiver PC board. A double-sided layout is used, with some of
the components soldered to both sides of the board.

There is one jumper wire on the circuit board, which
connects pins 5, 6, and 12 of the CA3020 to the ground
plane. Solder a piece of bus wire through the hole from
the ground plane to the pad underneath. Soldering the
CA3020 into the board can be tricky. The pads are very
small and overheating may cause them to lift. One
method that works is to wrap a short piece of no. 18
(1mm) bus wire around the tip of the soldering iron and
use this as a miniature tip to solder the IC. Plastic spacer
pads should be used under Q1 and Q3 to prevent their
cases from shorting to the ground plane. Finally, use a

heat sink on the CA3020, since it dissipates enough
power to get warm.

After assembly, a dc check of the circuit should be
made. Apply 12 volts to the circuit and measure the
current drawn. The current should be around 65 milli-
amperes, If it's much higher than this, remove power
immediately and check the wiring.

alignment and operation

If the toroidal inductors are used, the receiver front
end is adjustment-free and alignment is easy. Loosely
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fig. 5. The receiver PC board with loading diagram for parts placement.
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couple a generator to the antenna input and set it for the
operating frequency. Adjust T2 for maximum output
from the speaker or the tuning meter. Repeat for T1,
and alignment is complete. In the case of the 10-MHz
prototype, an antenna was connected to the reciever and
the signal from WWYV itself was used instead of a gen-
erator.

To align a receiver with slug-tuned coils, pull out the
crystal and couple the generator into Q2 drain. Set the
generator for 455 kHz, tune T2 for maximum, then tune
T1 for maximum. Disconnect the generator and insert
the crystal. Adjust L3 until an increase in background
noise is heard in the speaker. Couple the generator into
the antenna and set it for the operating frequency.
Adjust L2 for maximum signal, then adjust L1 for maxi-
mum. Disconnect the generator and you are ready to go.

If stability problems develop with slug-tuned coils, it
may be necessary to decrease the value of the 1k resistor
across the rf stage output tank circuit. This lowers the
tuned-circuit Q, so if instability remains, the only alter-
native may be to use the toroids.

A few feet of hookup wire is all that was needed for
an antenna on the prototype. Receiver location, propa-
gation conditions, and operating frequency will affect
the amount of antenna required to get a good signal.
Grounding also improves signal strength when the
receiver is not used for portable work.

Any small, reasonably regulated power supply that
can deliver 12 volts at 100 mA is suitable for powering
the receiver. It's important that the voltage not exceed
12 volts, since the CA3020 rating will be exceeded.
Batteries also work well, and some alkaline penlight cells
will give hours of service.

performance

The prototype receiver has been very satisfactory in
meeting all of the initial requirements. A receiver was
also constructed for the 5-MHz WWV carrier and worked
very well during late evening hours when the 10-MHz
signal was weak. A bandswitching arrangement would be
an excellent idea. The other frequencies have not been
used on a prototype receiver, but performance should be
equally good if the component values given in table 1
are used.

Use of the ICs in the design reduced size and cost of
the project tremendously. The CA3088 is very impres-
sive in its performance, flexibility, and cost. It won’t be
surprising if other excellent designs result from its use.
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amateur television

callsign generator

Callsign generator

for amateur TV

uses programmable memory
to produce a
professional-looking
identification display
without a camera

With the widespread availability of programmable ROMs
(PROMs) it has become possible to build an ATV call-
sign generator with less effort than ever before. Such a
generator allows you to identify your ATV station with-
out the use of a camera. Carefully lettered signs that
somehow don’t look professional are a thing of the past
at WB2CPA. My homemade RS-170 sync generator and
vertical interval switcher has an identify switch that
superimposes my call on the outgoing video.

PROM. The designation 32 x 8 means that the PROM
has 8 outputs and 5 inputs (32 = 29), For each of the 32
possible states of the 5 inputs an 8-bit word will appear
at the output. | used that fact to produce the TV image.

The first step in preparing your custom ROM is to
make a truth table (fig. 1) representing your call. On a
piece of graph paper mark 32 rows of 8 lines each. Now
draw your call letters into these 256 boxes, striving for
best appearance and fit.

Amateurs with two-by-three calls such as mine will
find that only 7 of 8 lines can be filled to obtain
well-proportioned letters. The graphic information
(white spaces are logic 1 and dark spaces are logic 0)
must now be placed into a ROM. There are several ways
to do this. Popular Electronics® had plans for a pro-
grammer, and lists a vendor for the blank PROM.* Or
you can have it done by any of several distributors who
will program a memory to your truth table at reasonable
cost.1

Five other ICs are needed to complete your callsign
generator. The complete ROM must have all 32 locations
addressed at least once per TV line and its 8 outputs
sampled sequentially, advancing to the next after the
end of each line on the screen (fig. 2).

*Signetics B223, James Electronics, P.O. Box 822, Belmont,
California 94002

tSolid State Systems, Box 617, Columbia, Missouri 65201.

The heart of my character generator is an ROM (Read By Jerry Pulice, WB2CPA, 143 Gibson Avenue,
Only Memory), and | used the readily available 32 x 8 Staten Island, New York 10308
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fig. 2. Logic diagram for the ATV callsign generator. Complete circuit operation is described in the text. The ROM pin connections
shown here are valid for the AMI 27508/27509, 82523/825123, MM5330/MM5331, HPROM 8256, or IM5600/5610.

| used a pair of 7493 binary counters to address the
32 words in the ROM. The rate that the 7493s are
clocked affects the length of the characters on the
screen, If you have 2- to 3-MHz TTL pulses somewhere
in your sync generator {as | have) they can be used to
clock the counter. If not, use the TTL oscillator shown
in fig. 3.

The 74151 multiplexer must advance to the next
ROM output once per scan line, Its 3-bit counter is
clocked by horizontal drive pulses from the sync genera-
tor. The characters on the screen should appear in the
same position on each field in order to remain station-
ary. Therefore, reset pulses are applied to the counters.
Positive-going horizontal drive pulses reset the 5-bit
word counters and positive-going vertical drive pulses
reset the 3-bit line counters. For the display to be stable,
these pulses must come from the same sync generator.

Video output of either polarity can then be taken

+3v

!
7400 3
2
7

8 25 MHz
7400 CLOCK OUT

*av 560

>
i I ’

fig. 3. Suggested TTL oscillator circuit for use with the ATV
cattsign generator.
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tig. 1. Truth table for the ATV callsign generator showing

graphic layout of WB2CPA's callsign. Availaple space can be
fayed out for any two-by-three amateur callsign, or for shorter
catfis.

from the 74151 multiplexer. Extra bits from the word
and line counters are used to gate the video on only 50
percent of the time. This puts a border around the
letters to increase clarity.

To add the video to an existing 75-ohm source,
merely connect the vertical and horizontal drive from
the source and couple it in parallel with the TTL output
through the RC network shown in fig. 2.

It is illegal to add the suffix “TV'" to an amateur
station callsign, so | added a touch to my generator that
uses the fact that my PROMs have tri-state outputs. |
have two ROMs in parallel and alternate between them
by using their chip-enable inputs. In this way the image
alternates between WB2CPA and TV. This impresses the
heck out of visitors to the shack!

reference

1. Robert D. Pascoe, ‘‘How to Program Read-Only Memories,”
Popular Electronics, July, 1975, page 27. i
ham radio
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how to make

for your
homebrew projects

Construction details
for making your own
low-inductance
capacitors from

PC-board stock

Recently the need for some low-value, low-inductance
capacitors led me an a merry chase through local radio
parts outlets. The capacitors | needed were either not in
stock or too expensive. I'm used to building almost
everything | need, as are most vhf men, but in this case it
took a bit mare thought.

After several dismal attempts at making capacitors
with casting resin, thin brass sheet, paper, and glue, the
light suddenly snapped on — printed-circuit board! PC
boards are available in a variety of thicknesses and
dielectric material at reasonable prices. | chose the
epoxy paper type (double-side board) and estimated the
dielectric constant at 3.3. Material thickness was 0.0625
inch (1.59mm).

computations

After cutting several pieces of PC-board material with
a nibbling tool, | computed the capacitance values

36 february 1977

custom capacitors

(approximately, but | was surprisingly close!) and veri-
fied them on a “Mickey Miker.” | attribute any small
errors 1o lack of knowledge of the exact dielectric
constant of the PC-board material. The dimensions and

ZMOVE FOIL FROM

~y \—FiLE FOIL OFF
ONE SIDE.

OPPOSITE SIDE OF
EACH MOUNTING
FOOT

ETCH THESE SLOTS ON BOTH SIDES
[ TO SEPMRATE CAPACITORS

—U—TTTW—‘I

ETCH ADJACENT FEET ON OPPOSITE
SIDES FOR A MULTICAPACITOR.

ETCH AWAY DARK
AREA ONE SIDE

FACE EDGE

BYPASS FOR BOLTING TO ALUMINUM
PARTITION OR CHASSIS

ETCH DARK AREA ON REAR SIDE OF
?:I;ZICTION FOR BUILT-IN BYPASS

PC-BOARD PARTITION \

BiNe SN T tar Sive™™

fig. 1. Construction details for making your custom capacitors
from PC-board material, All have low inductance and are suitable
for use with printed circuits. Table 2 gives capacitance values for
various diameters, using double-sided epoxy paper type PC-board
material 0.0625 in. (1.59mm) thick.

By Martin Beck, WB@ESVY, 1637 Hood, Wichita,
Kansas 67203



table 1. Matrix showing capacitance values for square or rectangular shapes.
Accuracies are sufficient for experimental amateur work.

dimension A, dimension B, in. (mm)
in. {(mm) 0.25(6.5) 0.5(12.5) 0.75(19) 1.0(25.5) 1.25(31.8) 1.5(38) 1.75(44.5) 2.0(51)
capacitance, pF
0.25(6.5) 0.7 1.5 2 3 4 4.5 5 6
0.5(12.5) 1.5 3 4.5 6 7 9 10 12
0.75(19) 2 4.5 7 9 11 13 15 18
1.0(25.5) 3 6 9 12 15 18 21 24
1.25(31.8) 4 7 11 15 18 22 26 30
1.5(38) 4.5 9 13 18 22 27 31 35
1.75(44.5) 5 10 15 21 26 31 36 41
2.0(51) 6 12 18 24 30 35 41 47
values in the tables are sufficient for amateur purposes Examples

anyway, since our work is mostly cut and try. The
equation used for computing capacitance is:
KA

C=0224 0 - 33x20 _ ..

Using d = 0.0625 inch, A = 2inch? and K = 3.3:

where

_ . Usingd = 1.59 mm, A = 1290 mm?2 and K = 3.3:
C = capacitance (pF)

K = dielectric constant 3.3x1290
C=0.00882 -==—=_"~22=2361pF

A = area of one plate (square inches} 1.59x 1 p

d = spacing of plates (PC-board thickness, inches)

The small difference in the two examples is due to
n = number of plates

roundoff errors in making the metric conversion. Table 1

For using metric equivalents eq. 1 becomes: is a matrix allowing you to choose capacitance values for
various plate dimensions, using square or rectangular
C=0.00882 KA (2) shapes, and table 2 is a handy reference for round
dm-1) capacitors.
where

_ 2 table 2. Capacitance values for round capacitors
A = area of one plate {(mm?2) made as shown in fig. 1.

d = spacing of plates (PC-board thickness, mm) dimension D

in. (mm) capacitance, pF
g?;éj’;éﬁ&“ﬁ%&"‘%ﬁ?s 0.25  (6.5) 0.58
F 0.3125 (8.0) 0.98
0.375  (9.5) 1.30
0.4375 (11.0) 1.77
0.5 (12.5) 2.32
0.5625 (14.5) 2.93
0.625  (16.0) 3.62
- 0.6875 (17.5) 4.38
- Q.75 (19.0) 5.22
SOLDER 0.8125 (20.5) 6.09
ETCH DaRK 0.875  (22.0) 7.11
0.9375 (24.0) 8.15
1.0 (25.5) 9.28

construction
;gNING 0ISC (SINGLE SIOE)

HOERED TO MACHINE ScRew The capacitors in fig. 1 have very low inductance and
are suitable for mounting on printed circuits. An inter-
esting point is that to achieve the perfect value for your
needs you can sand or file an edge a bit at a time, siowly
SOLoER reducing the capacitance. Fig. 2 shows how to make a

PC-board capacitor and stripline inductor combination
SOLOER for microwave circuits. No doubt with a little thought

many other capacitor applications will come to mind.

fig. 2. A capacitor and stripline inductor combination for micro- .
. . ° ham radio

wave applications.
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For the SERIOUS CW/SSB OPERATOR...

500 Hz crystal filter While operating cw, you
now included may receive with either

g o y the 2.1 kHz or the 500 Hz
or extra fine cw reception— cryst al filter —
it’s not an option
they are front panel selectable!

Full rated at 250 watts
cw input the TR-4Cw
Ideal for the upgraded is a great
Novice/Technician class licenses pile—up puncher

for DX chasing
and contesting—

it runs more
power output than
most transceivers
run input!

TR-4Cw with RV-4C Remote VFO

the New Drake TR-4Cw

sideband/cw transceiver

The serious DX chaser, contester, and traffic handler When transmitting cw, you're not “locked” into the cw
knows the value of power when the going gets receiving filter as in some rigs. You have your choice
rough in heavy QRM. He also knows the value of of either filter—they're front panel selectable. The cw
sharp receiving selectivity to pull the other guy filter is standard—not an option.
through the roar.

Drake TR-4Cw, Ssb/Cw Transceiver ......... $649.00
The NEW Drake TR-4Cw is a great combination of Drake AC-4,AcSupply .......ccoiivirennnnnn 120.00
transmit power and receive selectivity. It runs 300 Drake DC-4,DcSupply ........covvvvnunn.. 135.00
watts PEP input on ssb, and 260 watts input on cw. Drake RV-4C,Remote VFO .................. 120.00

It is very conservatively rated at these power levels. Drake 34PNB, Noise Blanker................ 100.00

- = To receive a FREE Drake
Full Line Catalog, please send
name and date of this publication to
e

ben

: 540 Richard St., Miamisburg, Ohio 45342
n- L- DRAKE COMPANY Q’E ® Phone: (513) 866-2421  Telex: 288-017

Western Sales and Service Center, 2020 Western Street, Las Vegas, Nevada 89102 « 702/382-9470



thoughts to consider about the

New Drake TR-4Cw

ey T T ad 3 i
s i iR A R N D S N S S
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Of the many questions and Y The TR-4 systent hias/been
comments we receive, we feel around a long time —
the following are very significant. | \hat does it offer me today? |
Please spend a moment, and i
consider these points with us:

=%

o

True again. The system has been around, and
improved, over a 13 year period. It is one of the
most “bug-free'’ systems we know.

Interestingly, the TR-4Cw offers some features
still not found on most "“new" rigs today. For
example, frequency tuning in the TR-4 system is
accomplished by the use of a precision
permeability tuned oscillator (PTO). This makes
use of a slug traveling through a coil instead of the
older variable capacitor technique. The PTO gives
us extra good frequency stability and dial linearity.
Speaking of something old, the variable capacitor
technique dates back over 50 years!

The cw filter in the TR-4Cw can be independently

- o BIRE: £ w-irﬁl
y i

The TR-4Cw still uses tubes.

True. While using a combination of
transistors and tubes, the TR-4 system makes
greater use of tubes. Tubes are easy to
change, and with the use of a spares kit, they
can be readily replaced from the jungles of

!
§
i
¢

AR

the Amazon to the arctic tundra—anytime, | | switched from the front panel. You're not “locked"
K anyplace. :3 4 in to the cw filter when in cw mode as in most
¥ Also, the TR-4 system uses a triple tube ! ~  transceivers. Many operators prefer to tune

power amplifier. It runs more power output * iy randomly with the wider filter. You can do it with

than most transceivers run input. Serious the TR-4Cw.

DX-ers and contesters know the value of The optional 34PNB noise blanker works so well,
power when the going gets rough in heavy I you'll have to try it to believe it! It's a miniature 17
QRM. The system is also ideal to drive the | | transistor receiver with full noise gating functions.
various grounded grid linears that require w ~  Tryitin aside by side test at your dealer's.

higher drive levels.

e

- — o —

And what about service on the TR-4Cw?

We service what we sell, and parts are always available. After nearly 20 years, we are still able
to service Drake 1-A receivers, so we know there are many in use today. We've been around
since 1943, and we fully intend to serve radio amateurs for the long haul. Does the other

Y company you may be considering have the same intentions?

We do—and we have the track record to prove it!

To receive a FREE Drake Full Line Catalog, please send name and date of this publication to

540 Richard St., Miamisburg, Ohio 45342
R.L. DRAKE COMPANY (<D T it St st s

Western Sales and Service Center, 2020 Western Street, Las Vegas, Nevada 89102 + 702/382-9470

More Details? CHECK—OFF Page 118 february 1977 39



Isolating
parallel currents

Construction techniques
improving

amplifiers stability

using toroid cores

and ferrite beads

Problems with radio-frequency ampilifiers first occurred
when | decided to build them on a metal chassis, which
was then put inside a metal box. | also used large areas
of the chassis as part of the conductors for the input and
output tuned circuits. This construction technique
resulted in a very low impedance path for the conduc-
tion of parallel currents that find their way into the
amplifier from the antenna. How | solved instability
problems in an rf amplifier resulting from these parallel
currents is the subject of this article.

parallel currents
Out-of-band signals propagating down the antenna

’ }
t t
' }
t t
i i
t t
RECCEOPAT)ECLE L‘* - B
AL ha ey
R )
} COPPER TUBE Y
?
' ;
i '
[ |
} t
' )
E NS T S = LB D o < S SRS——

fig. 1. Path of parallel currents in the input section of an rf
amptifier. The currents are induced in the antenna, travel down
the braid of the transmission-line coax cable, and find their way
into the amplifier to cause IMD and feedback probliems.
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in rf amplifiers

transmission line as parallel currents are not rejected by
the amplifier tuned circuits. These currents pass straight
on to the mixer either directly or by being induced into
amplifier tuned circuits by way of the chassis. A typical
path taken by the parallel currents in the input section
of an rf amplifier is shown in fig. 1. These currents mix
with strong in-band signals causing intermodulation
products that produce distortion.?

Fig. 2 shows how parallel currents are set up on the
antenna and coax feed system. The currents are appar-
ently at a much higher level than is generally realized,

’AN"E NNA

coax coax

ANTENNA

PARALLEL
CURRENT

fig. 2. How parallel currents are set up on the antenna and feed
line. The antenna does not balance out these currents. They are
in phase on the antenna element,

especially when the antenna is mounted on a large metal
object such as a ship, or when mounted on a building
containing extensive metal conduits and electrical
wiring. The parallel currents travel along these
conducting devices then are induced into the outer side
of the coax cable, travel up it to the antenna and then
down both inner conductor and inside of the coax braid.
The antenna does not balance out these currents; they
are in phase on both sides of the antenna element. Such
currents also cause increased levels of internal feedback
in an rf amplifier, which make it difficult to obtain good
neutralizing adjustments.

isolation method

The schematic of fig. 3 shows methods | used to solve
the problems caused by parallel currents. Input and
output link coils and lengths of copper tubing on the
coax connectors separate true antenna currents from
parallel currents. A high impedance to the parallel cur-
rents is provided by the toroid cores placed over the
copper tubing on input and output connectors, 50 the

By P. W. Haylett, G3IPV, Vancouver House, Kimber-
ley Road, Bacton-on-Sea, Norwich, Norfolk, 12 OEN
England
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fig. 3. Rf amplifier with impraved isolation of paraliel currents between input and output. Sketches at tap are end views
showing how input and output links are coupled to the amplifier-tuned circuits. The T-68-10 toroid holes were enjarged
slightly to slip over the copper tubing soldered to the coax receptacles.

currents can’t reach the following stage. Ferrite beads on
the wiring carrying input voltage to the amplifier provide
further isolation. An rf-tight shield placed across the
center of the box isolates input and output circuits.
Finally, a coat of ferrite-dust paint was applied to the
inside of the box.

The amplifier shown in fig. 3 has been fully tested on
the air. The only thing that doesn’t appear to improve

matters is the ferrite dust painted on the inside of the
box. The toroids improved amplifier stability and
neutralizing adjustments.

reference

1. James R. Fisk, WIDTY, “'Receiver Noise Figure, Sensitivity
and Dynamic Range — What the Numbers Mean,”” ham radio,
October, 1975, page 18.
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loops and reflectors

ZL1BN'’s article on corner-fed loop antennas for low
and medium frequency use inspired some thoughts of
improving my own forty-meter performance, especially
for long-haul and DX work.* | immediately built a loop
for forty meters and suspended it from a thirty-foot
mast attached to the center support of my neighbor’s
back yard chain link fence. This happened to be a
fortuitous choice for a couple of reasons, since my
neighbor — W20SY — and | have been hamming to-
gether for a number of years, and his fence has been
used on a shared basis for many antenna projects. The
second reason is a bit more technical, because the fence
turned out to be an excellent linear reflector element for
the loop.

In order that the horizontal element of the triangle be
raised sufficiently above ground to prevent decapitating
my son when he mowed the lawn, | had to slant the
antenna by pulling the bottom portion horizontally
away from the fence. This was done with light nylon line
attached to each lower corner, and resulted in the
bottom element of the loop being about ten feet off the
ground. It turned out that the median distance from the

*April, 1976, ham radio

loop center to the top of the fence was about 0.15
wavelength on forty; not bad for a reflector. ) fed the
antenna with RGbH8 coaxial cable at the corner closest to
the shack, and tuned my transmitter to check on the
swr. Surprise! The swr was below 2:1 over the entire CW
portion of the band. On-the-air checks showed that my
signals were excellent into eastern Europe and the Medi-
terranean, as well as into western Africa. Resuits in the
other direction (to the west) showed a very pronounced
front-to-back ratio, with only very high-angle, close-in
signals being received. No West Coast U.S. signals were
heard during many hours of late evening operation,
contrary to my usual experience.

I’'m sure that a triangutar tuned reflector added to the
loop would show even better performance; but as it is,
this antenna into Europe out-performs any forty meter
antenna |'ve ever used, so | want to say thanks to Barry
Kirkwood, ZL1BN, for a most timely and satisfactory
aid to my DX efforts. The corner-fed system in particu-
lar makes me and my transmitter very happy, because |
don’t need a tuner anymore. Now, before snow flies, I’'m
planning a delta loop for 75 and 80 meters at my new
QTH. Sure wish | had that fence in my back yard here,
too!

Jim Gray, WZEUQ
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silver plating

made easy

Silver plating
is neither difficult
nor expensive —

this article
shows you how

The controversy as to the merit of silver plating has
existed for many years and from time to time is still
debated on the ham bands. The experts are nearly
unanimous in recommending silver plating, particularty
on vhf and microwave conducting surfaces.

Aside from the improvement in electrical perfor-
mance that is generally claimed, there is, in my opinion,
a more important reason for silver plating — preserva-
tion. It would be interesting to wind a pair of two-meter
coils from bare copper wire, silver plate one, and leave
the other unplated. A comparison of their performance
should show little or no noticeable difference, However,
repeat the experiment two years, or even six months,
later and the results may be entirely different. The
silver-plated coil would very likely show superior perfor-
mance, and it would look better.

materials

Brass and copper are ideal raw materials frequently
used for homebrew projects. Both are easy to work and
they lend themselves to silver plating. Thin sheet stock
and various sizes of tubing can be purchased in many
hobby shops. Scrap brass can often be purchased in a
wide variety of sizes from junk shops, and at reasonable
prices. Flashing copper may be available from a iocal

Table 1. Relative resistivities of various metals used in amateur
projects,

Silver 0.94
Copper 1.00
Aluminum 1.60
Zinc 3.40
Brass 3.70-4.90
Nickel 5.10
Tin 6.70
Lead 12.80
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roofing contractor or hardware store. It is also possible
to purchase brass or copper from steel supply houses,
but the cost is higher and there are other constraints,
such as minimum order quantities which are in excess of
the average amateur’s use.

silver plating

Aside from the silver plating controversy, there are
theoretical considerations which show that circuit losses
increase with frequency. One way to reduce losses is to
use silver plating. Because of a phenomenon called skin-
effect,! rf current tends to concentrate near the surface
of a conductor. This is caused by the way the magnetic
field, produced by the current flowing in the wire, is
distributed in and about the conductor.2 The inductance
of the wire is greater at its center, thus providing an
easier path for the current near the outside surface.

Skin depth is defined as that distance below the
surface of the conductor where the current density has

250 - OHM
WIRE WOUND
POTENTIOMETER
-t

0-250mA

6V —
*L
/— ELECTROLYTE

s

SILVER ELECTROQE —
(ANODE)

— SPECIMEN BEING
PLATED {CATHODE)

BOTTOM SURFACE OF PLASTIC TuB

fig. 1. Hookup for silver plating. Recipe for the silver-plating
solution (electrolyte) is given in table 2.

dropped to about 37 per cent of the density at the
surface.3 For example, a straight round wire at 144 MHz
has a skin depth of approximately 0.216 mils
{0.0055mm). As the frequency increases, the skin depth
decreases according to the following relationship:

d =259 ,/—f’— mils

where f is in MHz. At 220 MHz, skin depth is about
0.175 mils (0.0044mm). At 432 MHz, it is only about
0.125 mils (0.0032mm).

By Norman J. Foot, WA9HUYV, 293 East Madison
Avenue, Elmhurst, IHinois 60126



Table 1 lists the relative resistivities of various metals
likely to be used for amateur construction projects.4
While clean copper is only slightly more resistive than
silver, the difference becomes greater as the copper
oxidizes. Note that there is an obvious need to silver
plate brass.

The types and quantities of chemicals needed to mix
a gallon of silver-plating solution are given in table 2.
The chemicals should be poured slowly while stirring
into a wide-mouth jar containing about two-thirds of a
gallon (2.5 liters) of distilled water. Add the chemicals in
the order shown in the table. Mixing should be done
out-of-doors where there is adequate ventilation since a
small amount of cyanide gas will be given off in the
mixing process. Caution: Cyanide gas is poisonous —
avoid contact of the solution with open sores and avoid
prolonged breathing of the vapors.

After the plating solution has been prepared, it
should be stored in a one-gallon (4 liter) jug with a
narrow neck and a screw cap. Pour the plating solution
into the gallon jug with the aid of a small aluminum

funnel. Add distilled water to bring the volume up to a
full gallon (3.8 liters). Be sure to store the solution out
of reach of children.

current density

The current density recommended by experienced
platers is between 5 and 15 amperes per square foot (5
to 16 mA per square cm) of plating surface. On this
basis, a piece of 0.032-inch (0.8Bmm) thick brass plate,
one inch (25mm) square requires a plating current of
between 35 and 105 milliamperes, if the edges are
neglected. The thickness of the deposited silver depends
on the amount of current and the plating time.
Experience has shown that for hobby uses, as a general
rule, it is seldom necessary to exceed a few hundred
milliamperes of current for more than a half hour.

plating thickness

The electrochemical equivalent for silver is 4.0255
grams per ampere-hour.> This means one gram will be
plated in one hour at a current of 248 milliamperes. A

february 1977 43



one-ounce spoon of electrolytic silver weighs approxi-
mately 28 grams. Since its specific gravity is 10.5, its
volume is 28/10.5 or 2.7 cc. When plating for a half hour
at 100 mililamperes, 0.201 grams is deposited, which is
equivalent to 0.019 cc (0.201/10.5 = 0.019). The silver
spoon will be completely used up after 140 such plating
sessions.

The thickness of silver deposited on a thin, one-inch-
square (6.4 square cm) plate in a half hour at 100
milliamperes is calculated as follows:

.- 0061V
A

where: ¢ = thickness {mils)
V= volume deposited (cc)
A =surface area (square inches)

¢ = Q0L D019~ 0,580 mil

The figure 2 appears in the denominator because the
1-inch square plate has two sides. This is a reasonable
thickness for hobby work, and it exceeds the skin depth
at frequencies above 100 MHz. At lower frequencies, the
silver serves more as a protective layer than a low-loss
plating.

The chemical plating process® involves an electrolyte
ionized by the applied voltage. Negative ions drift from
the cathode ta the silver anode. The silver breaks up into
positive ions which go into solution. The free electrons
travel over the external circuit to the cathode to com-
bine with silver ions coming out of solution, thus
forming metallic silver. The silver anode is gradually
dissolved and conveyed to the cathode. The amount and
composition of the electrolytic does not change in this

Table 2. Silver-plating solution recipe.

4.8 0z (136 grams)
8.0 0z (226 grams)
2.0 0oz (57 grams)
1.0 gal (3.8 liters)

Silver cyanide
Potassium cyanide
Potassium carbonate
Distilled water

process. Except for a very gradual contamination from
other causes, the electrolyte has indefinite life.

preparation for plating

The most important word of advice for the would-be
plater is cleanliness. Not only must the specimen to be
plated be spotiessly clean, care should be taken to avoid
contaminating the electrolyte with cleaning agents. Two
plastic pails should be used for cleaning purposes. Both
should be located in one compartment of a double
sanitary tub. The plating solution should be located in
the other compartment. One pail should be filled with
cold tap water to which is added a quarter-cup {2 ounces
or 59cc) of liquid A// detergent, or equivalent. This pail
will serve for cleaning the specimen to be plated. The
other pail should be located under the cold-water tap,
with the water running, and used for rinsing purposes.
This will help to avoid contaminating the electrolyte.
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Very fine steel wool such as 000 grade, saturated in
detergent, makes an excellent scrubber, especially for
brass which is more difficult to clean than copper. After
scrubbing, rinse the specimen and submerge it in the
electrolyte, but out of contact with the silver anode.
Adjust the current to 30 milliamperes and remove the
specimen after one or two minutes of plating.

Rinse and examine the specimen for chalky regions
which identify areas not initially clean. Repeat the
scrubbing process, wash, and return the specimen to the
efectrolyte. After another few minutes, repeat the
inspection process. Seldom will the cleaning process have
to be repeated more than twice. A final wash and
continued plating for 15 to 30 minutes at a current of
100 milliamperes wifl comptete the job. While larger
specimens require longer plating times, the process can
be speeded up if the current is increased. However, if the
plating is done too rapidly, a chalky finish may appear
which rubs off when scrubbed with steel wool and
detergent. It is prefereable to plate at a slow rate. Itisa
good idea to remove the specimen after ten or fifteen
minutes to assure that the plating speed is not too fast.
Also, while the specimen is in the final plating process,
change its position from time to time relative to the
anode to assure a more uniform plating.

The last step is to wash and soak the piece in the
detergent pail for ten minutes or more. Run tap water
into the pail until the water is clear. This washes away
traces of electrolyte which might otherwise leave spots.
A final word of advice: Be sure your hands are clean
when handling the freshly plated specimen; skin oils
leave finger prints. Dry the plated specimen as com-
pletely as possible with a soft cloth to avoid water
marks.

preserving the shine

While your hands are still clean, use masking tape to
cover those areas of the specimen which will be used for
electrical contact with other parts. Then spray the
specimen on both sides with a thin coating of clear
enamel. An inexpensive, non-toxic clear enamel called
One Coat, is distributed by Korvettes, and does a fine
job of protecting the silver surface from discoloration
due to oxidation. if the instructions given here are
carefully followed, the silver-plated specimen will be a
thing of beauty, with a bright silver coat.
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for resonant circuits

How to calculate
capacitance values

for tuning the

desired bandwidth in
variable-frequency
oscillators,

bandpass filters,

and other tuned circuits

Adding series and parallel capacitors to a variable tuning
capacitor are common techniques in bandspreading a vfo
or other tuned circuit. However, very littie information
has been published on finding the correct values of the
added capacitance. The calculations given here are rela-
tively simple and assure the designer of quickly finding
the correct values.

An inexpensive pocket calculator with a square-root

bandspreading techniques

capacitance values are unknown, and a grid dipper with a
few standard, known-value capacitors will do the job
nicely.

All calculations are simple algebra, so don’t be
worried about the technique. All you have to do is keep
the decimal points in their proper places and plug in the
carrect values where they're called for.

basis for the technique

The key to this technigue is based on the ratio of
maximum to minimum capacitance and frequency. The
basic resonance formula,

_ 25330.3
I TE (1)

where f is in megahertz, L in microhenries, and C in
picofarads, shows that capacitance is the inverse square
of frequency. If you only think in terms of band limits,
then the capacitance ratio is equal to the square of the
frequency ratio.

Although the actual value of the L and C components
is important in determining the impedance of the circuit,
only the ratio of the variable capacitor will determine
the ratio of the frequency range. Since it is usual
practice to use variable capacitors in vfo design (as
opposed to variable inductors), you can assume that
inductance is only fixed or trimmable. The calculations
will also give total circuit capacitance for determining
circuit inductance and impedance. Following are several
of the constants which are used in the bandspreading
calculations:

D = Desired capacitance ratio
= (fmax/fmin )2

where f,, ., and f,,,;,, are the band limits desired

function will improve accuracy and help keep track of By Leonard H. Anderson, 10048 Lanark Street, Sun
the decimal point. Test equipment is needed only if  Valley, California 91352
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V= Variable capacitor’s capacitance ratio,
maximum to minimum

C, = Variable capacitor, maximum value

C, = Capacitance in parallel with C,

P
C, = Capacitance in series with C,
BW = Tuning bandwidth, a function of D

d = +/ D, used in the bandwidth equation

A few other specific terms will be defined later.

The desired capacitance ratio, D, may vary slightly
from its original value. This depends on the tolerances of
Cp or C,, and whether or not trimmer capacitors are
used. The final value of D must be larger than the
original D if the desired frequency band is to be covered.

The tuning bandwidth may be checked by the
following equation:

BW=(d— 1) / fmaa:ifmin (2)

Remember that d is the square-root of the final capaci-
tance ratio, D. Eq. 2 assumes that the resulting tuning
band has the same center frequency as the desired band.
BW has the same scale as f, so you can use either
megahertz or kilohertz. Usage is shown in the examples
which follow.

parallel capacitor

_ C(V-D)

R e (3)
V(Cy +Cp) @
Ve, +C,

Total capacitance, C;, at the lowest frequency, is C,, +
CP (see fig. 1). For example, a 40 - 360 pF variable

c, [

fig. 1. Parallel-capacitor bandspreading circuit. Total capacitance,
C= Cv + Cp.

capacitor is to be used in a vfo to cover the entire
80-meter band. Constants are:

D=(4.0/3.5)? = (1.143)2 = 1.306

V=360/40=9
C,=360pF
Plugging in the constants,
C,=360(9-1.306) 2769.8
P = =
9(1.306 ~ 1) 2.7549 100541

A 1000 pF fixed capacitor could be used if the tolerance
was 0.5 per cent and no stray capacitance was present in
the circuit. A better choice would be to use a fixed
capacitor and a trimmer,

Using 5% 680 pF and 220 pF units in parallel, the
total capacitance, at maximum tolerance is 945 pF
(requiring about 60 pF minimum trimmer and stray
capacitance). Total parallel capacitance at minimum
tolerance is 8565 pF (requiring about 150 pF trim and
stray). Without any trimmer, and assuming a stray
capacitance of 5 pF, the nominal value of the parallel

e

fig. 2. Single series capacitor should be used with care in band-
spread circuits because this arrangement does not allow for any
stray capacitance.

capacitance, Cp, is 905 pF. Tuning bandwidth is slightly
wider and the new value of D is

- 9(360+905) _ 11385 _ , 54

D=5 5057+ 360 8505

The square-root of D is 1.16 = d. Using the tuning
bandwidth equation

14.0
1.157

=0.157 * 3.479=0.546 MH:z

BW=(1.157- 1.0)

The resulting bandwidth is less than 10 per cent wider
than desired, using the nominal value of C,,.

The maximum tolerance of C_ yields d = 1.150 and
BW = 0.524 MHz, while the minimum yields d = 1.164
and BW = 0.570 MHz. These are worst-case conditions
and the difference in tuning bandwidths is only 45.28
kHz. Fixed values of C_ could be used with a hand-
calibrated dial for the variable capacitor, C,.

series capacitor

A single series capacitor should be used with care
because this arrangement does not allow for stray capaci-
tance across both C,, and C,. That will be discussed later.
Equations for C; (fig. 2) are:

c, = L1 (5)
V-D
VC,+C,

AT 6

b= — 73, (6)

If your calculator does not have a reciprocal function,
the combined capacitance of the circuit, C., can be
calculated from the following:

C = C,D-1)

= (7)

To illustrate, let’'s use the same 40-360 pF variable
capacitor and 80-meter band as before:

36001.306-1.0) _ 11016 _
9.0- 1.306 7697 - 1432pF

A 15 pF fixed capacitor could be used but the tolerance

C,=
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would have to be better than 5 per cent because a low
limit value of a 5% capacitor would be 14.3 pF, which is
too low. However, parallel connected 5% 10 pF and 5.6
pF units will work with worst-case values of 14.8 and
16.4 pF.

To make certain that the entire band is covered, C,
should be slightly larger than the calculated value. In the
parallel situation, Cp should be slightly lower than calcu-
lated. Remember these conditions when working with
the series-paraliel configurations which follow.

The new D value for the nominal 15.6 pF series
capacitor is

D= (9:0°15.6)+360 _5004 _ ;33
15.6 + 360 375.6

Tuning bandwidth will be 537.17 kHz for the nominal
value of C,. The maximum combined capacitance is then

¢ = 360(1.33-1.0) _ 119.62 _ 4, 95 pF
© 9.0~ 1.0 8 ’

series-parallel configuration

Fig. 3 shows two ways of arranging C,, and C, in a
bandspreading circuit. The arrangement of fig. 3A is
preferred because strays can be included with the
parallel capacitor. The version in fig. 3B is useful where
the series capacitance is part of a bypass or a feedback
divider for a Clapp oscillator. Each version uses the same
basic equations already discussed, but with different
component notations to prevent any confusion.

Calculation can be done in two ways: either break up
the circuit into the basic arrangements and use the
equations already given; or solve directly with the equa-
tions which follow. In practice the latter process is a bit
quicker.

In the series-parallel circuit of fig. 1A the component
notations are as follows:

Cpa = Parallel capacitance

C,, = Total maximum capacitance

C., = Maximum capacitance of series part only
A = Intermediate capacitance ratio, series part

only

All other notations are as before. The A value may be
anything at the beginning but must be between 1V and [J
for the circuit to work. Since C_ is usually a fixed
capacitor

= V CS+CU
_ C,(A-1)(A-D)
Then de— —m (9)
A-1)?
- bey ) (10)

T AD-1)V-1)
Note that the denominators of C , and C,, are the
same. Storing the denominator in the calculator’s
memory allows a fairly quick calculation of both capaci-

tance values.
In some cases the resonant impedance dictates a
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certain value of C,,, and C, is the anly other known
value. The value of A can be found by letting Cj =2DC,

CL=Gj+Cpy (D~ 1)(V~1)

_GrV aZ - ¢

then A (1)

and C, (12)

Cy Cp /(: jscv
0

fig. 3. Two basic series-parallel capacitor configurations used in
bandspreading circuits. The circuit in (A) is preferred because
strays can be included with the parallel capacitor C a- Arrange-
ment in (B) is often seen in the feedback divider of a Clapp
oscillator.

To illustrate, an oscillator is required to cover 5.0 to
5.5 MHz with a 40 to 360 pF variable capacitor. The
oscillator tank-circuit requires about 450 pF total at the
low-frequency end.

D= (5.5/5.0)2 = 1.21

V' = (360/40) =9

C, =360 pF

C,, = 450 pF (approximately)
Solving for the approximate value of A

Cj=2x1.21x360=871.2
C, =871.2+(450{1.21- 1} [9-1])=1627.2

Cp? - C;2 = 2647780 - 758989 = 1888791
- 1637.2 + 1374.3

A =
2t 3.445
360(3.445- 1) _ 8803 _
= = = 1585 F
s~ 79~ 3448 5.555 P

Therefore, 150 pF is the closest standard value. Using
the first equation for A

(9 - 150) + 360 1710 _
= = =3.35
A 150 + 360 510 3
c. = 360(3.353 - 1)(3.3563 - 1.21})
pa 3.353(1.21- 1)(8- 1)
1815.2
= X MeEe - s F
5.633 322.25p

(A-1)? =5536

_1.21-360"5.536 _ 24115
“ 5.633 5.633

=428.13 pF

o



This is very close to the required total tank capacitance.
If C; is a fixed 5% unit, will a fixed value of C,, with the
same tolerance work? The lowest value of Cp occurs
with C_ low:

C, low =0.95-150 = 142.5 pF

4 = {(9-142.5) + 360 _

142.5 + 360
Cpa = 306.18 pF
C,, =408.27 pF

3.269

The required value of C_, has decreased nearly 5 per
cent from the nominal value of 322.25 pF. In order 10
get the variable’s dial to cover as much of the band as
possible, a fixed 270 pF capacitor with a parallel
trimmer would be a better choice. The trimmer
capacitor should have sufficient range to compensate for
any tolerances in the 270 pF capacitor as well.

Where fixed capacitors are used for both C; and Cpa,
the narrowest bandwidth will occur when C is low and
Cpa is high. The widest bandwidth occurs with C; high
and C,, low. To find D for the bandwidth formula use
the foﬂowing relationship:

AC,,

= (13)
Cra +Cpa(A - 1)

In the series-parallel configuration of fig. 3B the
component notations are:

C,;, = Series capacitance
C;, = Total maximum capacitance

va = Maximum capacitance of parallel part only
B = Intermediate capacitance ratio, paralfel part
only

As with the previous configuration, B must have a value
between IV and D. Note that there is no compensation
for stray capacitance across the total; this arrangement is
fine for circuits such as a Clapp oscillator where C_y is
the total of the feedback divider network. Then
B=YC*Cp) (14)
C,+VC,
_BC,(V-1)D-1)
V(B- 1)(B- D)
_BCV-1)D-1)
V(B-1)?

(15)

and Csb

Cup (16)

Most circuits witl have a fixed value of Cy, so will
require a direct solution for the value of Cp. Using
temporaries

c,=4ve, |SeldZB -, (17)
D-1
C,=C,(V+1)+VC, (18)
2 _
v Cq +C, C, (19)

then Cp =

2V

Taking the same oscillator example as before, with

the same tuning range of 5.0 - 5.5 MHz and 40 - 360 pF
variable, but in a Clapp configuration with two parallel
1000 pF feedback divider capacitors:

C,, =500 pF
D = (5.5/6.0)2 = 1.21
vV  =360/40=9
C = 360 pF
Cp is found via the temporaries:
c, =a-9:380 [500(9.0 -121) 360]
1.21-1
=2.357 x 108
C, =360(9+1)+ (9" 500)=8100

v

C,+C,? =(2.357 x 108) + (6.561 x 107)
=3.013x 108
17358.3 - 8100
C,=————— =514.35pF
P 29 P

The inductor must resonate with the total capacitance so
the conventional series calculation with C,, = 874.35 pF
(360 pF + 514.35 pF) would yield C;, = 518.10 (874.35
pF in series with 500 pF). Solving for B

_ 9(360 +514.35) _
" 360 + (9 - 514.35)
_1.577-360(9- 1)(1.21- 1)
- 9(1.577- 1.0)2
=318.31 pF

The two C,, values differ by less than 0.1 per cent.
Checking the worst-case tolerances of C;, will give C, =
501.55 pF and C;, = 306.19 pF with C, at the -5%
tolerance limit and Cp =526.70 pF and Cy;, = 329.76 pF
at the +5% limit. Since stray capacitance in a Clapp
oscillator tank circuit is primarily across capacitor C, it
can usually be neglected.

1.577

Cry

things aren’t always what they seem

Fig. 4 illustrates what really occurs in a resonant
circuit when the inductor exhibits appreciable distrib-
uted capacitance. This is more apt to be the case at
lower frequencies where the inductance is large.

@ RE-ARRANGED

Q) scHEMATIC

© QuvaLENT
CIRCUT

fig. 4. Effect of distributed capacitance which appears across all
practical inductors. In the circuit schematic (A), the distributed
capacitance is shown as the stray, Cd, across the inductor. This is
equivalent to the arrangement in (B) where the feedback capaci-
tors have also been combined into one unit. The re-arranged
circuit (C) indicates that the circuit of fig. 3A should be used
when making bandspread calculations.
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Fig. 4A shows a Clapp oscillator tank as it would be
drawn in a schematic. C; is the distributed capacitance
across the inductor. In fig. 4B the distributed capaci-
tance is shown and the feedback network is reduced to a
single capacitor, Cfb/Z. The equivalent circuit in fig. 4C
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o

RCUIT

fig. 5. Evolution of a tuned Interstage circuit from the schematic
(A), to the equivalent circuit (B), to the final configuration in
(C) which indicates that the arrangement of fig. 3A should be
used when making bandspread calcuiations,

indicates that the series-parallel circuit of fig. 3A should
be used when determining capacitor values. Distributed
capacitance becomes C,, and the feedback divider
becomes C.

Fig. 5 shows the transformation of a tuned interstage
circuit with a bypass and coupling capacitor plus strays.
Redrawn in fig. 5B, stray capacitance at the output,
Cao. appears across the variable, and input strays, Cy;,
are across the inductor. In fig. 5C the variable capaci-
tance is modified by the parallel output stray capaci-
tance, and the bypass and coupling capacitors are
combined in series with the variable, This fits the con-
figuration of fig. 3A.

If you assume that the bypass, coupling, and stray
capacitance will not affect tuning, you are wrong.
Suppose a 10-50 pF variable capacitor was originally
chosen along with 1000 pF coupling and bypass capaci-
tors; strays are 5 pF on each side. Instead of the original
capacitance ratio of 5, D is now 2.788, and the tuning
bandwidth is only 74.7 per cent!

phase-locked-loop applications

An L-C oscillator with a varactor dicde as the tuning
element is often used as a voltage-controlled oscillator
(vco) in a phase-locked loop because it has better noise
characteristics than the emitter-coupled multivibrator
type found in many PLL ICs.

The series-parallel circuit of fig. 3A applies itself well
in this circuit. The varactor or VVC (voltage-variable
capacitor) diode is C,, C, can be a fixed value, and Cpa
can be trimmed or be fixed with the inductor trimmed.
One caution: To keep the varactor under control of its
bias voltage, peak rf voltage across the diode should not
exceed the bias voltage. Also, the combined rf peak and
bias cannot exceed the breakdown ratings of the diode.
The smallest possible value of C, will prevent these
conditions because the rf tank voltage across the diode is
reduced by the fraction C, / (C; + C,). Remember, too,

that bias voltage varies inversely to capacitance,
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Most inductors have a paositive temperature coeffi-
cient and most fixed capacitors have zero or negative
temperature coefficients. A breadboard oscillator built
with fixed, NPO type capacitors (zero temperature
coefficient) will help to determine the amount of correc-
tion required.

The breadboard should be attached to a fairly large
metal or ceramic mass to keep circuit temperatures from
changing too rapidly. A casserole dish with a cover is
handy for the thermal mass. The freezer compartment of
a refrigerator can serve as a ‘‘cold soak’ chamber. An
all-glass thermometer is good enough if the bulb end is
mounted near the circuit. A transparent dish cover
allows you to see everything; masking tape can be used
to seal the openings for the power and output wires. A
frequency counter or calibrated receiver is essential for
frequency-drift measurements.

Decreasing frequency with increasing temperature
means that negative temperature coefficient capacitors
must be used to compensate the circuit. The following
formula works in this case and where fixed parallel
capacitors are used

- 6
c,, = Ctot (D 1)10 (20)
D, AT,

Where:

C,,+ = ‘total capacitance across the inductor

C,; = that part of C,,, which requires temperature
compensation

D, = square of the frequency change, greater than
one

AT = temperature range of measurement, degrees
Celsius

tc = negative temperature coefficient expressed as

parts per million (ppm) per degree C

For example, suppose an oscillator circuit has C,,, =
1000 pF, made up largely with fixed NPO values, a 40°C
temperature range, and N750 type ceramics are to be
used for compensation. Frequency drift is 5.000 to
5.063 MHz. Therefore, the highest to lowest frequency

_ratio is 1.0126 making D, = 1.02536.

_ 1000(1.02622 - 1.0) 10°
vt 1.02536 - 40 * 750

_2536x107 _

~T30760.8 824.4 pF
This is within about 0.5 per cent of the standard value of
820 pF, which would provide acceptable results for most
applications. In some cases you may find that, with
some trial and error calculations, you can arrive at a
combination of fixed compensating capacitors which
will do the job.

The casserole dish method will take about three hours
for frequency measurements to stabilize, with about the
same amount of time required for the cold soak. The
dish can be elevated in temperature with a couple of
famps heating the sides of the dish. Turn the lamps off at




least ten minutes before making a frequency measure-
ment to allow the “‘chamber’’ to stabilize.

For best results, the dish should have opaque sides.
Pyrex dishes work all right if a heating pad is substituted
for the lamps. The difference in heaters is probably due
to infrared heating of the breadboard directly through
the transparent Pyrex, It is also possible that the thermo-
meter can be heated more by direct lighting, thus giving
a false reading.

measurement of unknown values

A bridge or Q-meter is the obvious choice for
measuring unknown capacitance but good accuracy can
be achieved with simpler methods. A grid dipper and one
standard capacitor will serve as a starter. A standard in
the 100 to 200 pF range is acceptable for most work.
Arco-ElMenco has a series of 1-percent standards which
are an excellent choice.

The dipper method uses a test inductor that resonates
with the standard capacitor. The unknown capacitor is
then resonated with the test coil and the two frequencies
are measured. The unknown capacitor differs from the
standard by the square of the resonant frequency ratio.
Overall accuracy depends both on the standard capacitor
and on the method (and accuracy) of frequency
measurement.

Most grid-dipper dials are too coarse for even 5 per
cent accuracy. Coupling to the test coil varies and the
amount the dipper frequency is “‘pulled” depends upon
how closely the dipper is coupled to the tuned circuit.
An all-band receiver can be used to tune in the dipper
for better frequency accuracy. Masking tape can be used
1o hold both the dipper and test coil in position.

If there is metal on or just under your workbench,

elevate the grid dipper and the test coil about an inch.

(2.5cm) on a piece of Masonite or plywood to avoid
excess capacitance coupling to the metal. The dipper
case should be grounded to the receiver chassis to
prevent dipper detuning when changing the position of
your hands.

making your own standard capacitor

There are plenty of old 30-365 pF broadcast-band
variables in junkboxes. A three-gang variable can be used
as a two-range standard variable for 20-243 and 90-1095
pF. A simple schematic is shown in fig. 6.

The variable should be insulated, mounted in a metal
box, and provided with a good dial. A vernier dial with a
numeric scale is fine since the device won’t be used
daily. Heavy wire, at least number 18 (1.0mm) should be
used and the dpdt switch of the slide type for minimum
inductance.

Before starting construction, arrange to have access to
an accurate bridge for calibration of the finished
standard. A Q-meter may be needed for the low range.
Q-meters have accurate capacitance and the substitution
method is used for calibration. Substitution involves a
test coil on the Q-meter inductor terminals with the
variable standard connected to the capacitor terminals.

The maximum capacitance on the low range is measured
on a bridge, the Q-meter capacitance is set at minimum,
and peaked with the frequency dial. Calibration is then
made by holding frequency constant, moving the
Q-meter capacitor to a higher value, then repeaking by
lowering the variable standard. The variable's capaci-
tance from maximum is equal to the Q-meter’s
capacitance difference from its minimum starting point.

distributed capacitance and true inductance

Large inductors have distributed capacitance which is
parallel with the inductor. In high-impedance resonant
circuits, this may affect tuning. The distributed capaci-

SWITCH

Za

_______________ 3
METAL ENCLOSURE ,;

fig. 6. Circuit for building your own standard capacitor using a
threessection 365-pF variable. Capacitance is 20-243 pF in the
low range, and 90-1095 pF in the high range.

tance also affects true inductance measurements. It
should be considered in air-wound coils greater than 50
uH or greater for slug-tuned coils. Both distributed
capacitance and true inductance may be determined by
using a grid dipper {or Q-meter) and applying the
following formulas.

C, = maximum standard capacitance, pF, at lower
frequency, f; (MHz)

C, = minimum standard capacitance, pF, at higher
frequency, f}, (MHz)
C, = distributed capacitance of inductor, pF
L, = trueinductance, uH
then o =§2—;ﬁl pF (21)

With f;, twice the frequency of f;

18997.7
IR - E 2 ARV ST 3
then L, flz (CZ-CI) M (22)

summary

Calculate carefully, allow for tolerances, and use
short, thick connection leads to reduce stray inductance,
The techniques given here will reduce many weekends of
“cut and try” to a few hours with paper and pencil.
Increased accuracy is an added bonus.

ham radio



ideas for a

portable keyer paddle

Two designs

for mechanical input
to your

electronic keyer —
great for

portable work
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Often the need arises for a small, dependable key to
complement a miniature portable electronic keyer for
use with QRP transmitters. The keyer electronics can be
small, lightweight, and dependable.!

Several keyers were designed and either mounted
inside the QRP rigs or used outboard. However, the
choice of keys to operate the keyers always left some-
thing to be desired. Two key designs were developed
that are small, lightweight, and dependable. |'ve named
these the Dip-Key and the Lev-Key. Each uses a differ-
ent operating principle, but both function well. The
Lev-Key is particularly rugged and survived a recent trip
to a Pacific island while operating QRP portable.

the dip-key

The Dip-Key schematic is shown in fig. 1. This circuit
is basically a miniature touch-operated switch. The
switch closure of the output transistor is sufficient to
trigger the keyer inputs of cmos keyers. The heart of this
design is a 14-pin dual in-line (DIP) wire-wrap socket,
which is used for the two key levers. The DIP socket is
mounted so that the pins extend out from a small piece
of board. For a 14-pin socket, pins 1, 3,5,7,8,10, 12,

By Gene Hinkle, WASKPG, |/O Engineering, 9503
Gambels Quail, Austin, Texas 78757



USE PC BOARD TO MOUNT SOCKET
———] + I[ 9-V POWER SOURCE

U DASH
SIGNAL OUTPUT
o TO KEYER

/ﬁmmu -

SOLDER EVERY OTHER
PIN TO PC-BOARD COMMON

fig. 1. One-half of the DIP-KEY circuit showing use of a 14-pin
wire-wrap DIP socket for a paddle. Dash circuit is shown; dot
circuit is the same design,Socket is mounted from the inside of a
small enclosure with the pins protruding to the front. Battery is
mounted with the circuit, or power can be taken from the
electronic keyer.

and 14 are soldered to the PC board ground. Pins 2, 4,
and 6 are wired together to form the dash paddle, while
pins 9, 11, and 13 are connected in parallel to form the
dot paddle. Finger-skin resistance between any two
adjacent pins creates a switch closure at the output of
the respective dot or dash transistor. A small 9-volt
battery was used to power the transistor switch, but
power may be taken from the keyer power supply.
Features of this design are iambic twin-paddle opera-
tion, no moving parts, quiet operation, and extremely
small size. The size can be as small as that of one 14-pin
socket if the transistor and other components are
mounted with the rest of the keyer electronics. The DIP
socket is mounted from the inside of the mounting
plate, with wire-wrap pins extending forward. Almost
any transistor can be substituted for those shown. The
only disadvantages to this design are the exposure of the
small pins to the elements and the need for a fairly low
skin resistance (less than 100k) for reliable switch opera-
tion. At times, with very dry fingers, it may not be
possible to obtain a reliable switch closure. Normally,

Side view showing LEV-KEY mounted on the QRP Accu-Keyer.

‘5 R e L PR T

however, there seems to be low enough resistance,
especially during contest operation!

the lev-key

The Lev-Key evolved from the use of pushbuttons as
the dot and dash levers for a keyer during portable
operation. Pushbuttons are unreliable and difficult to
use efficiently. |'ve discovered, however, that by usinga
standard switch known as a Switchcraft Lev-R switch, a
dependable and reliable key can be constructed. The
beauty of the Lev-Key is that mounting requires just one
0.5-inch (12.5mm) hole. The key is narrow and small. A
three-position, spdt normally-open switch was chosen.
The center position is off. Thus, by moving the switch
lever one way or the other, a dot or dash switch closure
is achieved. By judicious spacing of the switch contacts
travel may be adjusted to individual preferences. This

FIT BOTH PIECES
PERFECTLY THEN GLUE

FILE EXISTING = L
SWITCH KNOB /} \‘
FLAT ALONG ToOP -\
E] =1
s
(/45 1/72"(6.5x12 85mm) SLOT HOLE —

7 ‘ ¥
ALLOWS THE ROUND KNOB TO

FIT PERFECTLY  MAKE SLOT WITH —l 118" e
A FLAT FILE (32mm)

I-1/8"(28 Smm)

fig. 2. Paddle extension for the LEV-KEY. The paddle, which is
made from fiberglass PC-board material, is cemented to the
round knob then painted black.

key is easily added to existing keyers or may be built
into the rigs themselves.

The Switchcraft Lev-R switch is identified by the
manufacturer’s type number 3037 and consists of two
sections. The switch lists in the Burstein-Applebee cata-
log for $3.92, but these switches may also be obtained
from surplus equipments and junk boxes. If the Lev-R
switch is not the spring-return type, a locking type will
work by bending the leaf springs slightly so the leaf
spring does not cause a locking action. The photos show
the method used to mount the Lev-Key alongside the
QRP Accu-Keyer.! Note the small paddle added to the
original black plastic knob. Fig. 2 shows the dimensions
for the added paddle. The features of this key are
extreme ruggedness, small size, easy mounting, and low
cost. The main disadvantage is single-paddle operation,
which rules out iambic operation.

Although these designs may not be new, they give
some ideas to those who wish to operate portable with
minimum size and weight. These designs require only a
very small investment for the fellow who would like to
have a paddle for his keyer.

reference

1. Gene Hinkle, WASKPG, “The QRP Accu-Keyer,” QST,
January, 1976, page 24.
ham radio
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PRESENTING THE

NEW
2-METER PORTABLE

INTERNAL NI-CAD BATTERY OPERATED
SYNTHESIZED RADIO

FROM
WILSON

PORTABLE

Note: Not available for sale.
FCC certification pending.
Orders accepted as soon as
certification granted.

WILSON’'S NEW WE-800 2M RADIO

Wilson’s New Portable 800 Channel 2 Meter Synthesized Radio
that can go anywhere with you « 12 watts output in automobile
« 2 watt output with internal Ni-Cad Battery Pack (10 “AA"" Ni-
Cads for Portable use) « Ni-Cads charge when used in auto
« CMOS low current drain synthesizer Rx 45 Milliamps, 2 watt
Tx 450 Milliamps.

« Uses Wilson’s standard BP-1 Battery Pack (Batteries not
included) and includes mounting bracket and speaker-mic
. Covers frequency range 144-148 MHz in 5 Hz steps « 600
KHz off-set up or down « 6 Channels sub-audible tones
available as option « Size 8-1/4"" x 6-3/4" x 1-7/8"" « weight
1 Ib. 15 ounces.

ACCESSORIES & OPTIONS

X Battery Charger (BC2)

¥ 10 ea. AA Ni-Cad Battery
Pack (BP-1)

% Extra Battery Tray (BT-1)
% Leather Case for 1402 (LC-1)
% Leather Case for 1405, 2202,

450 & 220 HAND HELDS §

MODEL 4502 . . . $299.95

FREQUENCY RANGE 420 - 450 MHz EACH UNIT INCLUDES
# 6 Channel Operation

« Individual Trimmers on all TX/RX Crystals FLEX ANTENNA AND

oL o T SIMPLEX XTAL FREQ. 4502 (LC-2) _
iy tor a0 e auetna INSTALLED DURING % Speaker Mike (SM-2) 6 pin
 Satiary ndicator SPECIAL. 446.00 or connector

e X o 223.50 MHz. ¥ TE-1Sub-Audible Tone En-
. guitfe:togum SRX 25 MA, TX 400 MA coder, installed

* Microswitch Speaker Mic FREQUENCY RANGE 220 - 225 MHz

* Unbreakable Lexans Case

% TE-2 Sub-Audible Tone En-
Coder/Decoder, Installed

% TTP - Touch-Tone Pad - in-
stallation free if ordered at
time of purchase of radio

% 10.7 KHz Monolithic Xtal
Filter (XF-1)

* 6 Channel Operation
* Individual Trimmers on all TX/RX Crystals
= All Crystals Plug In
BOTH MODELS USE THE « 12 KHz Ceramic Fiiter

SAME ACCESSORIES AS 1405, [ 0.7 and 455 KHz IF

.3 Microvolt Sensitivity for 20 dB Quieting
= Weight: 1 1b. 4 oz. less Battery
= Battery Indicator
*Size: 87/8x 1 3/4x27/8
* Switchable 1 & 2.5 Watts Output
® 12 vDC

* Current Drain: RX 25 MA, TX 400 MA

* Microswitch Speaker Mic
= Unbreakable Lexan® Case

MODEL 2202 . . . $249.95

(Photo Shown with
Optional Touch-Tone Pad)

Wilson Electronics Gorp.

4288 SO. POLARIS ¢ LAS VEGAS » NEVADA e« 89103 ¢ (702) 739-1931 « TELEX 684-522

54 february 1977 More Details? CHECK—OFF Page 118



WHY WAIT???

BE ON THE AIR NOW WITH A

Wilson Electronics Gorp.
HAND HELD

1402SM
Wilson 2 meter Hand Held radios . . . The depend- HAND HELD
able ones . . . proven performance for the discrim- 2.5 WATT
inating Ham who insists on quality and value. TRANSCEIVER
Two models are available: the 144-148 MHz
1405 SM 2.5 watt model 1402SM, and
o & chana the switchable 1 watt or 5
* Individual watt model 1405SM . . . op-

Trimmers on all
TX/RX Crystals
= All Crystals Plug In
= 12 KHz Caramic
Filter
= 10.7 and 455
KHz IF

. tions include Touch-Tone
s 24 9 95 ', Pad, Battery Charger, Battery
B Packs, Speaker Mike, Leather
r" Case, and Tone options.
¢ - Join the thousands of ama-
L Y teurs now using Wilson . . .
the radio that goes where you
do.

* .3 Microvolt Sen-
sitivity for 20 dB
Quieting

= Weight: 1 Ib. 4 ox.
less Battery

= Battery Indicator

*Size: 87/8x 1 3/4
x27/8

14055M
HAND HELD

i VAT . FAST DELIVERY!!

144-148 MHz

* Switchable 1 & 5
Watts Minimum
Qutput @ 12 VDC

* Current Drain: RX
25 MA TX 400 MA
(Iw) 200 MA (SW)

= Microswitch
Speaker Mic

= Unbreakable
Lexan® Case

SPECIAL ON EACH RADIO INCLUDES: 1402 SM
» Flex Antenna « 52/52 Xtal

= & Channel
Operation

= Individual
Trimmers on all

Shown with
Optional
Leather Case

TX/RX Crystals
= All Crystals Plug In
* 12 KHz Ceramic

Can be Modified

fo Filter
MARS or CAP SANTAE and A5

= .3 Microvolt Sen-

sitivity for 20 dB
90 Guieting
Day * Welghte 1 1b. 4 0z.
less Battery
Warranty « S-Meter/Battery

indicator
*Size: B 7/8x 1 7/8
x27/8

= 2.5 Watts Minimum

10 Day Output ® 12 VDC
Money Back _ SR 20 %a |
Guarantee * Microswiten Shown With

Speaker Mic
= High Impact
Plastic Case

IN STOCK Optional

Touch-Tone Pad

BC-2 NI-CAD BATTERY CHARGER

WITH REGULAR AND
TRICKLE CHARGE FEATURE

* % % % % (USE THIS HANDY CLIP-AND-MAIL ORDER FORM FOR FEBRUARY SPECIAL SALE * * * % X% % X %

¥ ____1402 SM @ $179.95 * Ocheck [IMoney Order #*
— TX or RX XTALS, All

* _1-1055:8:.""| g ;:::2 Coniion Ropester Frag. Amount Enclosed $ Osac  [OMaster charge x

—2202 . 146-148 at $4.25 ea. g *
* * o Exp. Date: —

—4502SM @ 299.95 All other 2M, 220, 450, Card # g R i
¥ __Bc2 @ 3995 MARS or CAP XTALS i - - - 2
R — L @ 16.95 at $10.00 ea. * : = : *

-]

—BT- *
% f;: g 1:;2 Shipping and Handling * Address T i - : *
¥ e - Prepaid for February Sale * - N

—lC2 @ 1495 Nevada Residents add Sales Tax City ) _ _ _ - § *
e She @ W e * _ 2
»* TE1* @ 5995 Please Equip Transceivers as * State - ] o *
% —TE2% @ 100.00 AxTokuwa * o *

TTP @® 5995  XTALSRX XTALS RX Phone AC 3 *
* : A »*

—XFA1 @ 1295 g Signatura *
* ___ Factory XTAL c * %
% Installation Netting D * WILSON ELECTRONICS CORP.

@ $7.50/Radio E 4288 SO. POLARIS » LAS VEGAS « NEVADA « 89103 *
»* * Specify Frequency F *
K ¥ Kk K K ok Kk ok Kk K Kk k K K K K ok Kk K k Kk k k k k ok ok k Kk k k Kk k Kk k Kk Kk k k Kk k kX

More Details? CHECK—OFF Page 118 february 1977 55
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Pat Shreve, WBGRG

troubleshooting
logic circuits

What is a logic circuit? In its broad sense, the term
includes a wide range of devices, from simple analog
units such as a volt-ohmmeter to the latest micro-
processor. In this discussion | am going to take a
narrower view, and will concentrate on troubleshooting
methods applicable to simple digital logic circuits and
devices using common ICs and discrete components
which are likely to be found in amateur radio station
equipment and accessories.

understanding logic circuits

When the subject of digital logic and integrated cir-
cuits comes up, many amateurs back away with remarks
such as, 'l used to know quite a bit about vacuum tubes,
and |'ve learned a little about transistors, but this IC
stuff is all Greek to me.” So let's not back away, but
step up and see what sort of circuits are involved. Take
for example the 7405 inverter, one of the basic units in
the popular TTL (transistor-transistor-logic) line. An IC
is commonly called a “‘chip’’, and the internal structure
of one of the six inverters on this IC chip is shown in fig.
1. It consists of three transistors and three resistors, with
a reverse-voltage protection diode placed between the
input and ground. The transistors and resistors are
connected in such a way that when the input is
grounded Q1 is turned on and Q2 is turned off; which
turns off Q3, and ungrounds the output. When the input
is above ground the sequence is reversed and the output
is grounded. Note the similarity between this circuit and
the 7403 NAND gate shown in fig. 2. The only differ-
ence is that the 7403 has a second emitter on Q1 to
provide a second input. Grounding either input turns Q1

By R. B. Shreve, WBGRG, 2842 Winthrop Road,
Shaker Heights, Ohio 44120
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on, so the output is ungrounded unless both inputs are
high, that is, above ground.

Practically ali TTL ICs are variations and combina-
tions of these, or similar, gate and inverter circuits. If
you can understand them, you can understand TTL
logic. This is important, because the key to trouble-
shooting any logic circuit is understanding how it is
supposed to work and what the various components are
supposed to do.

troubleshooting tools

Contrary to many amateurs’ impressions, you don't
need a lot of expensive equipment to analyze and repair
most of the logic circuits found in amateur stations,
repeater control systems, autopatches, etc. It is true that
if you are going to work on high-speed synchronous
logic, time factors are important and a dual-trace, high-
frequency oscilloscope is a big help, if not a necessity.
Most of us are not going to be servicing a computer,
however. The logic with which we are concerned either
operates slowly enough or can be slowed down enough
to permit checking the logic state of inputs and outputs
with a simple voltmeter. It doesn’t even have to be an
expensive meter — one of the nice things about digital
logic is that, when operating properly, inputs and out-
puts are either high (close to the §-volt supply potential)
or low (close to ground potential). Any in-between
voltage is an indication of possible trouble.

At the occasional test point of a timer or counter
reset where the logic is supposed to generate a brief
pulse, a simple logic probe is useful. The one | use was
described in ham radio, and the circuit is reproduced in
fig. 3.1 It can be built on a PC board or small strip of
Vector board and enclosed in any convenient plastic

—OVee
4x 1.6K
-1} Q3
Q2 QUTPUT Y
INPUT A
SIK
b3
—O GROUND

fig. 1. Typical circuit of one of the six inverters in a SN7405 IC.
Component values are nominal, not exact.

tube. | used the bady of a disposable 20cc plastic syringe
discarded by a local laboratory. One other thing you will
need is a manual or individual data sheets on the ICs
with which you are working. These are obtainable from
the manufacturer or distributor.

checking a simple circuit

Let's assume you have assembled your probe. Before
you put it in the piastic tube, connect the red wire to
the positive (+) terminal, and the black wire to the
negative (-) terminal of a 5-volt source. If everything is
okay, the LED should fight when you apply +5 volts to
the input with the switch in the positive position. In



either case it should stay lighted until you press the reset
button.

Suppose the LED in the probe does not light at all, If
you have any doubt about the LED, first test it and its
270-ohm series resistor by applying +5 volts to the
resistor after disconnecting it from pins 3 and 4 of the
IC. Check with a voltmeter to be sure there is +5 volts at
the hot end of the 10k resistor, the 0.01 uF capacitor,
and pin 14 of the IC as shown in the diagram. With an
ohmmeter, check continuity to the black lead from pin
7 of the IC, the ground end of the capacitor, and the
emitter of the transistor.

OVee

Q2 Q3 ouTPUT Y
INPUT AO——9¢

INPUT B O—

T i
b3

fig. 2. Typical NAND gate; one of four in a SN7403 IC.

-O GROUND

Now connect the negative lead of the voltmeter to
ground and the positive lead to the junction of the 10k
resistor and the transistor collector. It should show zero
potential when the input is grounded with the switch in
the negative position, and also when the input is at +5
volts with the switch in the positive position. It shouid
show +5 volts when the switch position or input polarity
is reversed. If the circuit does not meet both tests, check
the 10k and 4.7k resistors with an ohmmeter; if they are
both okay, replace the transistor.

If the transistor, LED, and related components all
check out, the trouble is in the IC. The simplest thing to
do would be to replace it; but for practice, let's check it
out. The 7400 gate is just like the 7403 illustrated in fig.
2 except for an internal source of +5 volts to the output
when it is in its high or logic 1 state. Thus pin 6 should
be /ow when both pins 4 and 5 are high, and pin 6
should be high if either pin 4 or 5 is Jow. Pin 3 should be
low when both 1 and 2 are high, and it should be high if
either input is /ow. Connect the negative test lead of the
voltmeter to ground and the positive lead to the junction
of pins 6 and 2. Press the reset button. The meter should
show more than +2.5 volts (typically 4 volts or more)
when the button is pressed. It should stay at this level
when the button is released until the input is grounded
with the probe switch in the negative position or
connected to V+ with the probe switch in the positive
position. When either of these input conditions occurs
the meter reading should drop to less than 0.5 volt. The
LED should also light. If the circuit fails any of these
tests, try a new IC.

testing a more complex circuit

As an example of how to test a more elaborate
system, consider the circuit shown in fig. 4. It is the

access control device used on the Lake Erie Amateur
Radio Association 16/76 repeater in Cleveland, Ohio,
which | described in an earlier article.? It is a good
circuit to illustrate troubleshooting procedures because
it contains a timer, two counters, NAND and NOR gates,
and some discrete components — all on one circuit
board.

First, tet’s look at what the circuit is supposed to do
when it is operating normally. If there is no outside
interference on the input frequency, the control unit
permits the repeater to run open, i.e., carrier access
without an access tone. The receiver COR (carrier
operated relay) pulse is shaped by the 7400 gates UbA
and UBB, and keys the transmitter through U5C as long
as the output of UBD is high. Note that turning the
guard control switch off latches the output of USD high
and lets the repeater run open regardless of what is
happening in the rest of the unit.

If the control switch is on, the output of USD is
controlted by U1. This is a 7490 decade counter which is
really two counters: one that divides by two and one
that divides by five. For either to count, pin 2 or pin 3
and, at the same time, pin 6 or pin 7 must be fow
(grounded). (Remember, TTL logic sees unconnected
inputs as high). With proper input conditions, each cycle
of the COR registers one count on the divide-by-five
counter. Pin 9 goes high on the first count, pin 8 on the
second, both 8 and 9 on the third, and pin 11 on the
fourth. On the fourth count U1 latches with pins 11 and
12 high until the counter is reset. When latched with the
control switch on, U1 prevents keying of the transmitter
by the COR. Resetting is accomplished either by a signal
with an access tone through one of the diode inputs, the
discrete components, and the U2 NOR gates; or by the
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fig. 3. Simple logic probe. Parts arrangement is not critical. See
reference 1 for typical layout.

timer circuit of U3 and U4, which also works through
the gates.

To illustrate the troubleshooting procedure, let's
consider three possible outward signs of a malfunction:
failure to guard the repeater by cutting off the keying
circuit in the event of repeated interference, failure to
respond to an access tone, and failure to revert to carrier
access at the end of the interval for which the timer is
set. The pulse-shaping and keying circuits of U5 are
similar to the logic probe circuit analyzed earlier, so let’s
assume that those circuits are working as they should.

fabhriiarrs1a77 ™ &7



If the system does not go into the guard mode after
being keyed by four successive signals without an access
tone, U1 is probably not counting the way it should.
This could be caused by a defect in the counter IC, U1,
or by an improper signal from some other part of the
circuit. Failure to reset could also be due to U1, or due
to one of the gates or some other part of the circuit.
Since everything comes together at U1, it is a good place
to start looking for trouble.

checking the counter

Before doing any testing it is a good idea to discon-
nect the inputs from the receiver so your checking won't
be disrupted by someone keying the repeater, Check the
supply voltages with a meter to be sure there is +5 and
+12 volts at the power connections to the circuit board
and the indicated pins 8, 9, 11, and 12 of U1. All should
have less that 0.5 volts or should go to that level when
pin 7 is grounded. If they don't, take a reading at pin 3
while pin 7 is grounded. U2B is connected as an inverter
between pins 7 and 3 of U1, and pin 3 should be high
when pin 7 is low. If itisn‘t, replace U2. If it is, and the
voltage at any of the output pins is still above 0.5 volts,
U1 is bad and should be replaced.

To check how U1 counts, you should start with all
the outputs and pin 3 Jow, pin 7 high. Drive pin 1 high
by momentarily grounding pin 1 of USA. Then touch
pin 1 of U1 with a grounded probe. Pin 9 should go
high. Touch pin 1 again; pin 9 should go /ow and pin 8
should go high. Both should be high after the next pulse,
and pin 11 should go high on the fourth pulse. When pin

Continental Specialties Logic Monitor LM-1 facilitates checking
digital ICs and associated circuits. Priced at $84.95 from Con-
tinental Specialties Corporation, 44 Kendall Street, Box 1942,
New Haven, Connecticut 065089.
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11 goes high, so does pin 6. With both pins 6 and 7 high
the counter should latch, with highs at pins 11 and 12,
and /ows at pins 8 and 9. Additional pulses applied to
pin 1 should have no effect on the outputs. If it doesn’t
latch, check pin 7; if pin 7 is high and pin 12 is not,
replace U1.

Pin 10 on U2C controls pin 7 on U1 and pins 5 and 6
on U2B. It should be high unless either pin 8 or pin 9
(the U2C inputs) is high. Pin 9 should be /ow at all times
except for a momentary pulse when the timer resets. If
pin 9 shows a continuous high there is trouble in the
timer. If pin 9 is low, check the voltage at pin 10 when
you ground pin 8. Pin 10 should go high when pin 8 is
low, and vice versa, If it doesn't, replace U2.

Pin 8 should be /ow except when a signal with an
access tone generates a /fow at input CR1 or a high at
CR2. If it is not, there is trouble with U2D or in the
discrete component circuitry. Check the voltage at pin
13 of U2 when you ground pin 11 or 12. If pin 13
doesn’t go high, U2 is bad. If pin 13 stays high all the
time, check pins 11 and 12, If pins 11 and 12 are also
high replace U2. If pins 11 and 12 stay /ow there is
trouble in the transistor circuit.

checking discrete components

The reset circuit composed of CR1, CR2, Q1, Q2,
and the associated resistors is intended to reset U1 by
grounding pins 11 and 12 of U2 when a ground puise is
sensed at CR1 or +12 volts at CR2. With neither of these
signals present, the voltage at the collector of Q2 should
be approximately +5 volts. If it isn't, try grounding the
base of Q2. If the collector voltage goes to +5 volts, Q2
and the 22k and 33k resistors are okay. If it doesn't,
check each resistor. If they are the correct values,
replace Q2.

With the input to CR1 ungrounded, Q1 should not
conduct. Assuming the 12-volt supply (V+) is approxi-
mately right, the voltage at the junction of CR1 and the
three resistors should be about 11 volts, and the voltage
at the emitter of Q1 should be about 7.6 volts. There
should be practically no voltage at the collector of Q1. If
the first two voltages are about right, and there is signifi-
cant voltage at the collector, Q1 is probably shorted and
must be replaced.

The foregoing checks should have identified and
corrected the reason for any failure of the control unit
to guard the repeater, and should have identified most of
the possible causes of control unit failure to respond to
an access tone. If a signal with the correct tone still fails
to open the guard circuit, apply +12 volts to the input of
CR2. The voltage at the collector of Q2 should drop
almost to zero. If it does not, CR2 could be failing to
conduct, the 1k resistor could be shorted or there could
be an open 4.7k resistor in the base circuit of Q2. These
components can be checked individually.

If +12 volts at CR2 opens the guard circuit, but a
ground at CR1 does not, try grounding the junction
between CR1 and the 2.2k resistor. If this opens the
guard circuit, replace CR1. If it does not, ground the
base of Q1 through an external 2.2k resistor. If this



opens the guard circuit, replace the 2.2k resistor on the
board. If it doesn't, Q1 is probably open and should be
replaced.

checking the timer

As previously mentioned, pin 9 of U2 is supposed to
be low except for a brief pulse every 15 minutes when
the timer resets. You can detect this pulse with the logic
probe if you want to wait for it, but there are faster

tion the output at pin 9 should change state from Jow to
high or back to /ow. If you don't see this action, test the
100 uF capacitor and the 47k and 100 ohm resistors. If
they are all good, replace the IC.

conclusion

If you have followed and understood each step of the
testing procedure outlined here, you should have a
pretty good idea of how to troubleshoot most logic

RECEIVER
COR

+5v +5V
47K 2.2k
4 9 4
100 51 ,a |1t 5
8038 .
6 10 7

Lnk 3.9%
CRI ot
o—“—< 2N39506
02
INPUTS 2N3904
cR2 7K
47K <IK 268K
3
1

fig. 4. Circuit diagram of a logic system used for repeater access control; a good example of the type of logic circuit found in many

amateur installations. IC U2A is not used in this circuit.

checks. Like U1, U3 is a 7490 decade counter. For it to
count the pulses at its pin 14 input, it must have a /ow at
pin 6 or 7 and at pin 2 or 3. Pins 6 and 7 are grounded,
but pin 2 should be checked. If it is high go back and
check U2 to see what is keeping it that way.

With pin 2 /ow, you can tap the junction between pin
14 of U3 and the 2.2k resistor with a grounded probe,
and check the outputs of U3 with the logic probe or a
voltmeter. Pin 12 should change from /ow to high or
high to low every time you puise pin 14. Pin 9 should
change on every other pulse, pin 8 half that often, and
pin 11 should go high on the eighth count. This last
output can best be checked with the logic probe, as a
high at pin 11 drives pin 10 of U2 fow and pin 4 high.
The resulting high at pin 2 of U3 will reset all its
outputs, including pin 11, to the /ow state too fast for a
meter to detect the momentary high at pin 11,

When you are satisfied with the operation of U3,
mave on to U4, Using an 8038 as a timer is not an
economical way to do the job unless, as | did, you just
happen to have one around. An NEbBb55 is less expensive,
You can connect your meter to the positive side of the
100 uF capacitor and watch the voltage rise and fall
slowly as the timer cycles. Every time it changes direc-

circuits, even without elaborate test equipment. To
summarize:

1. Review the data sheets on the ICs involved to be sure
you know how each one should perform and how
they affect each other.

2. Start at a point where you recognize a malfunction
{usually an output), and work back to the source,
step by step.

3. If you come to a point where the trail back to the
input branches, temporarily disregard one branch and
check out the other.

4. When you are satisfied that each component, or
group of components, is responding to signals the
way it should, mark it okay and go on to the next in
line. When you finish a branch, go back and pick up
the next one.

references

1. Bill Rossman, ‘‘Logic Test Probe,'”” ham radio, February,
1973, page 56.
2. R. B. Shreve, WBGRG, '‘Automatically Controlled Access to
Open Repeaters,’’ harn radio, March, 1974, page 22.

ham radio

february 1977 59



KENWOOD... 7/ eesettorin




Fhe ultimate transceiver . . . Kenwood’s TS-820. No
natter what you own now, a move to the TS-820 is
four best move. It offers a degree of quality and
fependability second to none, and as the owner of
:his superb unit, you will have at your fingertips the
sombination of controls and features that, even under
the toughest operating conditions, make the TS-820
the Pacesetter that it is.

Unprecedented demand plus the painstaking care Ken-
wood lavishes on each TS-820 has created a back-log
of orders, but rest assured, it's well worth waiting for.
Once you have operated the TS-820 you will not be
satisfied with anything else.

—

eatures
IF SHIFT ® The If

3 few of the T & IE passhan

SPEECH PROCESSER « A Hf fl .' les

AECEIVER SELECTIVITY
558 2.4 kHz (-6 dB)
a4 WHz (-60 dB)
05 kHZz -6 1B)
1 8 kHz (-60 dB)
“{with optional CW tilter »
f IMAGE RATIO 16015 melers Be
10 meters B [t
IF REJECTION  Better than B0 dB
POWER REQUIREMENTS 1201220 VAL
50160 Hz, 138 VDC (wilth optional
D514 DC-DC convaiter)
it POWER CONSUMPTION
ea L Recewe 26 Walls (heaters off)

DIMENSIONS 131/8" W x 6 H
TS_BED x 13-3116° D
' pecifications

WEIGHT 352 Ibs (16 kg)
DG-1, digital readout optional
FREQUENCY RANGE
(160 - 10 meters)

MODES USB, LSB., CW, F5K
INPUT POWER 200W PEP on SSB

cw*

Transmit 26

Watls

1 B-29.7 MHz

160 W DC on CW

100 W DC on FSK
ANTENNA IMPEDANCE 50-75 ohms, unbalanced
CAARIER SUPPRESSION Better than 40 dB
SIDEBAND SUPPRESSION Better than 50 UB
SPURIOUS RADIATION  Greater than -60 dB

{Harmomics more than -40 dB)

RECEIVER SENSITIVITY Better than o 25uV

Solid state remote VFO designed exclusively for use with the
TS-820 "'Pacesetter’’. Contains its own RIT circuit and control
switch . . . is fully compatible with the optional digital display in
the TS- 820

4 10

,.,b\""

‘.nof-'

As a TS-520 owner, you go on the air with a sense of
pride and confidence. Thousands of these precision-
built beauties are in operation all over the world . . .
in ham shacks, field day sites, in DX and contest
stations and in countless mobile installations. No other
rig has ever offered the performance, dependability,
versatility and value that is built into every KENWOOD
TS-520.

You have certainly heard the TS-520's clean signal on
the air and have probably heard a lot of glowing praise
by other hams. So if you don’t already own a 520,
maybe it's time you did.

MODES: USB. LSB. CW
POWER: 200 watls PEP input on 558, 160 watts

SELECTIVITY. SSB 2.4 kHz (-6 dB). 4 4 kHz
(-60 dB) CW 0.5 kHz (-6 dB). 1.5 kHz
(-60 dB) (with accessory filter)

DC input on CW 4
ANTENNA IMPEDANCE. 50.75 Ohms FREQUENCY STABILITY. 100 Hz per 30
unbalanced minutes alter warmup

IMAGE RATIO: Better than 50 dB

IF REJECTION: Better than 50 dB

TUBE & SEMICONDUCTOR COMPLEMENT
3 tubes (2 x S-2001. 12BY7A). 1 IC. 18
FET, 44 transistors, 84 diodes

DIMENSIONS: 13.1"Wx 59" Hx 13.2°D

WEIGHT; 35.2 Ibs

CARRIER SUPPRESSION: Better than -45 dB

UNWANTED SIDEBAND SUPPRESSION: Better
than -40 dB

HARMONIC RADIATION: Betler than -40 dB

AF RESPONSE: 400 1o 2600 Hz (-6 dB)

AUDIO INPUT SENSITIVITY: 0.25,V for 10 dB
(S+N)/N

116 EAST AL ONDRAIGARDE

TRIO-KENWOOD COMMUNICATIONS INC

NA CA 90248

..
60 ol
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R-599D T-599D

The R-599D is the most complete receiver ever offered. It is
entirely solid state and covers the full amateur band, 10 thru 160
meters, CW, LSB, USB, AM and FM. The T-599D transmits CW,
LSB, USB and AM, has only 3 vacuum tubes, built-in power
supply and full metering.

Because of the larger number of controls and dual VFOs, the
combination offers flexibility impossible to duplicate with most
transceivers . . . for example, transmitting and receiving on dif-
ferent frequencies, no matter how far apart.

KENWOOD

L pacesetter i amateur vadio




The proof of the pudding

is in the ealing.

The proof of
Triton IV

Here’s some of the proof . . .

K4EME This is my second TRITON IV. They are excellent xceivers' WABICK Luv it. Dynamite! WINXU | am very thrilled with this umit, it is great.
| think you have scooped the field. WADAYA | like CW and full break-in. (Beautiful) K3TFU | love the unit. WA3VEZ — Rig is just great, Combined with
your service makes a super transceiver. WNOSED — Beautiful radio to use. Magnificent CW filter! Just a pure joy. WBIT — | have had my TRITON IV for
two months and am delighted with it. YNIMBY — It is a very nice rig. W3GTX — New features very welcome, WOBYC Bought one of the first TRITON
Il, like it so well | updated it with a TRITON IV. W2TBK — It is absolutely fantastic. WBOOPI | am pleased with the rig. WA3GJA — Very-very-very
nice. Good audio quality. WS5ZBC — The most outstanding rig | have ever used. K8CJQ Excellent rig, Good filters. WIBKK — Very happy getting excellent qual-
ity reports. W2CET — Power-signal reports good. WB2UEH — | like the compactness and appearance, VE3IBK — An excellent rig with superior receiving quality
K4IVM — | think 1t 15 tops. WA4LOG I've become so used to dip, peak and adjust, this TRITON is a beautiful v experience, KLTIHW — Easy to set
up—works great. K4JXD — Seems to be very FB rig. WATKHE — Fantastic performance. Thanks for a fine rig. WB4BPG No problems—fine rig. VEIBI —
Good work. WOHAT — Receiver better than expected, CW break-in is super. WOAP — Tremendous transceiver, | appreciate your engineering. WA2ZRO — Won-
derful. KOSFY — Real nice rig. You thought of almost every feature and built it in. KQSDQ Beautiful. WB0JIQ Beautiful radio; however, your ads do not
do justice to the radio. WN5SS0H Very sophisticated—Easiest tuning rig ever, Very glad | bought it. K30JV — Very impressed. W4LZP — Very good results.
Put out 100 watts as good as 300 watt rigs. WA4DQY | think the TRITON 1V is great. W6QXN — Appreciate full CW break-in. WOINH — Enjoy light weight,
VE3CYK | am extremely pl with the clarity of receiver and after putting rig on the air, received unsolicited compliments on the audio quality of the
transmitter, K4PHY Was 3rd in USA, first in fourth district in WWCQ contest. WBRYU Argonaut. Both fine rigs. WACDA — Compact, light weight
good engineering. WB2WZG — TRITON IV is the most versitile CW/SSB radio | have 4. WB2FMV Outstan Highly pleased with performanc
WABACZ — A real nice rig. | have owned about every other make. WSEGK — ely. WB4ECO | tried this rig, a pleasure to operate. WA4YRK
Excellent reports on audio. WBBNKB Wonderful, W9QPQ — An cellent rig. Love it. WBSOP Makes running SSB nels a real breeze. Also good on CW

WLTIRT Fantastic rig. WAMDB — Has rekindled my interest and enthusiasm in Amateur Radio to an extent | hadn't thought possible. It far out dis-

tances any competitive product at any price. WGEYR — Very nice. Been a ham for 45 years and now solid state perfection W?_RPK Excellent rig.
WNOTDK TRITON IV is a fabulous piece of equipment. WSVIW ery nice rig WB2LQF Wow! WIICY Tnx for givi us a FB piece of equipment
made in the USA. WBGHOD — Very pleased. K4KXB — Seems to have everything desired. W4SZ A pl re to operate. W2FKF — Greatest rig | ever had
So far in a month 34 QSO's without one miss. Been a ham since 1922. W4GVC Nothing but complements. WB9EZE Well pleased with perfﬁlmar: + and
simplicity of operation. K4ETI — Rig is greal. WBCNV — Man—! what a rig. I've had this call 1929, Never saw anything like it and I've seen them
: WB2MZU Seems like everything the §----. 0 - s supposed to be at one third the price. WNOVHE | think i1t 1s a very good rig. WBSFTD
Break-in CW is very impressive. KOCBA | believe it is one of the finest HF tran srs on the market. | can't tell you how pleased | am with the noise
blanker, | can get on the air from my home station again for the first time in a few years. Other r jith noise blankers just didn't hack il. WATYHW —
I am very pleased with this equipment. It is certainly of high guality. WTIIA Ex ent equipment. WBORWA — Couldn't be more pleased with it. It
certainly has performed beautifully and is all | expected and more. WBAQJT Like it very much keep up the g work, WN!‘_'V‘ - RC‘-JZ!”I_\" impressed
with looks and performance. WONC Very FB rig. Performs up to specifications, an ¢ llent design. K8PBZ — Already have TRITON Il and IV. WIKD —
This little T is smooth as silk . . I've received some very flattering reports about transmitter voice quality and the CW operation is the great
WNBTTO | found that the TRITON IV was the best rig on the market for und $800. | love it! W2JBK It is absolutely fantastic. WBFEI — Am amaze
at re r performan | thought | had a top notch receiver with the H--. ! WIFYM Your guarantee is refreshingly proper. WBMOK Sure mak
a guy look twice at his old tube type gear. WITFS — Finest CW ever, CW selectivity very good, WBGIVR Very satisfied with TRITON IV. Just what |
looking for to use on my yacht, Thanks. WABONP — Also have a TRITON Il. | am pleased that Al Kahn and the good guys at TEN-TEC thought of the CW op-
erator! W2EMX — Excellent Amateur gear meets and exceeds advertised claims. WOAM) It looks like there is nothing left to be desired. It is beautiful
W6SE — The receive function is outstanding. It is superb in transmil. W1BV e with this fantastic gem, It's so easy and a pleasure to operate
WBASH Very happy with performance. Particularly impressed with full break-in and light weight. WADIMS — By far the best rig | have ever operated. | am glad
| decided on the TRITON IV and not one of the other transceivers on the market. WABHQO — Thank you gentlemen.

ur name lo the growing list. See your TEN-TEC dealer
> for full details.
@Il =n-TEC e
SEVIERVILLE, TENNESSEE 37862

EXPORT:5715 LINCOLN AVE., CHICAGO, ILL. 60646



MICROPROCESSORS

microcomputer interfacing:

internal registers within
the 8080 chip

In this and several subsequent columns, we will intro-
duce you to additional details concerning the operations
of an 8080A-based microcomputer that are controlled
by software. |t is the software instructions, or steps, that
actually indicate to the microcomputer the tasks it must
perform. Just as you may start the day with a list of
things to be done and a sequence in which they should
be accomplished, the microcomputer too, must be pro-
vided with a sequential list of program steps. This is
called software.

In general, you may not be familiar with what each
microcomputer instruction does within the micro-
processor chip. This should not deter you, however,
from using them all in all of your programs. Many of
you are not familiar with the inner workings of an
internal combustion engine, an automatic transmission,
or a Xerox machine; you lack of knowledge does not
prevent you from using them daily.

All of our programs are stored in fast-semiconductor
memory, either read-write memory or programmable

By Peter R. Rony, Jonathan Titus, and David G.
Larsen, WB4HYJ

Mr. Larsen, Department of Chemistry, and Dr. Rony, Depart-
ment of Chemical Engineering, are with the Virginia Polytechnic
Institute and State University, Blacksburg, Virginia. Mr. Jona-
than Titus is President of Tychon, Inc., Blacksburg, Virginia.

read-only memory (PROM).1 The microprocessor chip
fetches an instruction byte from the memory and then
executes it within the chip. Each software instruction
requires at least one fetch and execute action. Software
instructions that contain several instruction bytes
require two or three sequential fetch and execute

8-8I7
INSTRUC TION CODE

INSTRUCTION REGISTER

INSTRUCTION
DECODER

A SERIES
AN OPI T
j OF ACTIONS :> N OPERATION

t

upP T0O 256
DECODED OUTPUTS

fig. 1. The 8-bit instruction code is stored ih the instruction
register, where it is decoded into a series of actions that together
comprise a microcomputer operation.

actions. Again, exactly what is done within the micro-
processor chip is not of interest, only the overall effect.
All software is executed sequentially, one step after
another, unless we purposely transfer control to instruc-
tion bytes located elsewhere in memory.

In order to conveniently handle the large number of
software instructions in the 8080A microprocessor
instruction set, it is customary to order them into several
instruction groups. The Intel 8080 User’'s Manual sub-
divides the instruction set into five groups:

Reprinted with permission from American Laboratory,
September, 1976, copyright © International Scientific
Communications, Inc., Fairfield, Connecticut, 1976.
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1. Data Transfer Group. Move data between registers
or between memory and registers.

2. Arithmetic Group. Add, subtract, increment or
decrement data in registers or in memory.

3. Logical Group. AND, OR, EXCLUSIVE-OR, com-
pare, rotate or complement data in registers or in
memory.

4. Branch Group. Conditional and unconditional
jump instructions, subroutine call instructions and
return instructions,

5. Stack, 1/0 and Machine Control Group. Includes
1/O instructions, as well as instructions for main-
taining the stack and internal control flags.

registers

Before we can make sense of these instructions, we
must know more about the internal architecture with-
in the 8080 chip itself, We shall present such infor-
mation in steps, since it can be overwhelming if
tackled all at once,

Shown in fig. 1 is a schematic diagram that depicts
the significant aspects of the internal architecture within
an BOBO or BOBOA* chip. Our emphasis in the diagram
has been on accessible 8-bit and 16-bit registers that
store information within the chip. You should exclude
from consideration the Data Bus Buffer/Latch and the
Address Buffer, which we show here to make the point
that these are the internal circuits that interface the
internal digital circuitry with the outside world, /.e., the
8-bit bidirectional data bus and the 16-bit address bus.
As you learn about 8080 microcomputer programs, you
will be specially interested in the accumulator, flags,
program counter, stack pointer, and general purpose
registers 8, C, D, E, H, and L.

We will not say much about the instruction register,
since its function is automatic and we have little control
over it. The function of the instruction register can be
best understood with the aid of fig. 2 which indicates
that it is the 8-bit register that temporarily stores the
8-bit instruction code for an instruction that is to be
executed. Within the microprocessor chip, an instruction
decoder converts the instruction code into a series of
actions that together cause a microcomputer operation
to occur. The individual actions are clocked by the ¢,
and ¢, signals that are input at pins 22 and 15, respec-
tively, on the 8080 chip.

The general purpose registers B, C, D, E, H, and L are
used for many varied purposes, e.g., the storage of an
8-bit constant, the storage of a 16-bit pointer address,
the storage of an intermediate result in an addition or
subtraction, etc. Each general purpose register is eight

*The 8080A chip is an improved version of the 8080 chip. Both
have identical instruction sets and pin outs. As one difference,
the 8080A has improved fan-out capabilities,
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bits wide and can exchange data directly with the 8-bit
external bidirectional data bus. Simple 8080 instructions
permit you to transfer eight bits of data from one
register to another, from a pair of registers to the pro-
gram counter, from a register to the accumulator, and
from a register to a memory location, and vice versa.
You can use the contents of a register to perform addi-
tion, subtraction, AND, OR, EXCLUSIVE-OR, and
compare operations with the contents of the accumula-
tor, The contents or each register can be incremented or
decremented. Register pairs, such as register H and regis-
ter L, can be incremented or decremented as a 16-bit
word.

The accumulator also acts as a general purpose regis-
ter, but it has some special characteristics not possessed
by the other six registers. The result of any arithmetic or
logical operation is stored in the 8-bit accumulator. The
1/0 instructions IN and QUT transfer data only between
the accumulator and external 1/0 devices. The contents
of the accumulator can be transferred to any other
general purpose register or to a memory location, and
vice versa.

The five flags (zero, carry, parity, sign, and auxiliary
carry) are flip-flops that indicate certain conditions have
arisen during the course of an arithmetic or logical
instruction. Such flags are used by the microcomputer in
making decisions, Ze., with conditional jump, call, and
return instructions, in multiple-precision arithmetic
operations, and in logical masking operations.

The program counter is a 16-bit register in the 8080

8080A
laccumucarorl  Frass |
Ce 1T 1 [smack pointer"]
W Lo
1. |proGram counter]
L4 (X}
BIDIRECTIONAL DATA BUS ADORESS 8US
e 8Ts 16 8ITS

|||n|onv 8YTE l lmrur lvvtl I ouTeUT lvrtl

fig. 2. The internal register architecture within an 8080A micro-
processor chip. Temporary registers over which you have no
direct control have been omitted.

microprocessor chip that contains the address of the
next instruction byte that must be executed in a
program. You can load the program counter register
either from a register pair or, more likely from two
instruction bytes located sequentially in memory.

The stack is a region of memory that you allocate for
the storage of temporary information, usually the con-




tents of the internal registers within the 8080 chip. The
stack pointer is a 16-bit register that contains the address
of the last byte placed on the stack.

This summarizes our brief discussion of the architec-
ture in a typical 8080 microprocessor chip (table 1).
Keep in mind that there are seven 8-bit registers, two-

table 1. Functions and registers within the BO0BOA micro-
processor.

The register within a computer where the
results of all arithmetic and logical opera-
tions are placed.

A unidirectional bus over which digital
information appears to identify either a
particular memory location or a particular
1/0O device.

A data bus In which digital information can
be transferred in either direction, With refer-
ence to an 8080A-based microcomputer, the
bidirectional data path by which data is
transferred between the microprocessor
chip, memory, and input-output devices,

Accumulator

Address bus

Bidirectional
data bus

Fetch In a computer, the collective actions of
acquiring a memory address and then an
instruction or data byte from memory.

Flag A single flip-flop that indicates that a cer-

tain condition has arisen as, for example,

during the course of an arithmetic or logical
operation in a computer program.

In the 8080 microprocessor chip, the B-bit

B, C, D, E, H, and L registers.

In a computer, the register that contains the

address of the next instruction byte that

must be executed in a computer program.

General purpose
registers
Program counter

A short-term digital electronic storage cir-
cuit the capacity of which is usually one
computer word or byte.

Register

The totality of programs and routines used
to extend the capabilities of computers.
Examples include compilers, assemblers,

Software

narrators, routines, and subroutines.

Stack A region of memory that stores temporary
information, usually the contents of the
internal registers within a microprocessor
chip.

A register that contains the address of the
last byte that has been placed on the stack
inan 8080 microcomputer.

Stack pointer

16-bit registers, and five flags the contents of which you
can control using software. Much of what an 8080
microcomputer does is to move B-bytes from one loca-
tion to another. This will become more apparent in
subsequent columns.

references

1. David G. Larsen, Peter R. Rony, Jonathan A. Titus, “"The
Structure of a Microcomputer,” American Laboratory, October,
1975, page 111,

2. Intel 8080 Microcomputer Systems User’s Manual, Intel Cor-
poration, Santa Clara, California, September, 1975,
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THE COGRIPUTER RUGK

SMALL COMPUTER SYSTEMS » SOFTWARE » AMATEUR RADIO EQUIPMENT

1455-B So 1100 E Sailt Lake City. Utah 84105 Phone B01-466-7911

One Of The Nations Largest
Full-Service Computer Stores

“WE TAKE THE
WSk ouT ofF THE MICRG ”

Over 1600 Square Feet Of Sales
And Service Faciliies

WHEN YOU WRITE FOR OUR CATALOG ANDENCLOSE$1TO
HELP DEFRAY THE COST OF HANDLING AND MAILING,
HERE'S WHAT YOU GET:

1. A CERTIFICATE GOOD FOR $2 ON YOUR NEXT
PURCHASE .

2. THe COMPUTER RGOM Eeasy TO UNDERSTAND
CATALOG COVERING

IMSAI

THE DIGITAL GROUP

POLYMORPHIC SYSTEMS

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
TECHNICAL DESIGN LABS

ETC

3. THE COMPUTER ROGM “eAsYy GUIDE" TO HELP YOU
PICK THE RIGHT SYSTEM, PERIPHERALS, COMPONENTS,
AND SOFTWARE FOR ..

THE BEGINNER

THE ADVANCED

THE EXPERT

THE SMALL BUSINESS

4, ACURRENTLISTING OF PRESENTLY AVAILABLE

SOFTWARE
PUBLICATIONS
PERIPHERALS

5. INFORMATION ON REPAIR SERVICE, LOW COST
CUSTOM PROGRAMMING AND OTHER SPECIAL SERVICES.

AT THE COMPUTER ROGK your WRITTEN QUESTIONS
ARE HAPPILY RECEIVED AND PROMPTLY ANSWERED

WE ALSO STOCK A COMPLETE
LINE OF AMATEUR RADIO EQUIPMENT

BANKAMERICARD MASTERCHARGE
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NOW.
Top-of-the-Line
Tri-Ex Towers

for HAM operators
at basic prices!
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LM-470D

TM-370
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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 Series

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 Series

A ‘W' brace motorized tower.
Holds large antenna loads
up to 70 feet high.

Super buy.

TM Series

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

More Details? CHECK—OFF Page 118



THE
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HEAVYWEIGHT

25 Amp regulated power supply with fold
back current limiting, over voltage and
transient protection. Also, output voltage
and current meters.

You might find a cheaper power supply, but just as a light-
weight fighter is no match for a heavyweight fighter, other
power supplies with lighter weight transformers and com-
ponents are no match for the VHF Engineering PS25M. The
PS25M or the PS25C (same power supply, without meters)
are rated at 20 amps continuous duty (not 10 amps). This
power means extra dependability and versatility when you
need it.

Compare VHF Engineering’s quality and specifications.

FEATURES SPECIFICATIONS

Over-voltage protection crowbar. Voltage Output:

. Electrostatic shield for added transient adjustable between 10-15V
surge protection. Load Regulation:

® A foldback output limiter operates for 2% from no load to 20 amps
loads outside of the operating range. Current OQutput:

® |[solation from ground. The circuit is 25 amps intermittent
isolated from the case and ground. (50% duty cycle)

® 115/220 volt input — 50/60 cycle. 20 amps continuous

® Units are factory wired for 110 volt AC, Ripple:
50/60 cycle power. A simple jumper will 50 mV at 20 amps
reconfigure the input for 220 volt AC, Weight:
50/60 cycles. 25 pounds

® Temperature range-operating 0 to +55 C. Size:

® Black anodized aluminum finish. 12%" x 6% x 7%"

PS25M wired & tested . . . .. . . . $169.95
PS25C wired & tested {wuthout meters) .. . . $149.95
PS26M Kit . . . e e e e . ... . %1499
PS25C Kit (without meters) e e e e e e e . . 812995

Export prices slightly higher. Prices subject to change.
AVAILABLE AT THESE DEALERS:

CALIFORNIA MICHIGAN TEXAS
C & A Electronic Enterprises, Carson, CA Harry G. Crofts, Northeille, MI Teco Electronics, Garland, TX
Electronic Enterprises, Rio Linds, CA Adams Distributing Co., Detroit, MI 2
SON Eleciric, Fresno, CA Aadio Supply & Engineering. Detroit, M1 v;‘HL.lhglA
adio Communications Co., Foanoke, VA
Tals Com Electronics, San Jose, CA MISSISSIPP]

Westcom, San Marcos. CA
Zackit Corporation, Vallejo, CA

WASHINGTON

A B-C Communications, Seattle, WA
WEST VIRGINIA

Communication Systems Co., Ripley. WV

Co ations 5 . Phil phis, MS

MISSOURI
Alpha Electronic Labs, Columbia, MO

COLORADO
Listening Post & Electromagnetics, Durango. CO

Communication Specialties, Aurora, CO NE VAU: it WISCONSIN

FLORIDA Veuss iachay Las VoS, Amateur Electronic Supply, Milwaukes, Wi

Amateur Wholesale Elec’s,, Miami, FL NEW YORK Communications Elec’s., Fond du Lac, Wi
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Table lookup

for determining
resonant frequency
in terms of

LC ratios

The resonant frequency of an LC circuit may be calcu-
lated from

g
f= 2/ LC (1)

where L is in henries,
C in farads, and
fin hertz.

An approximate solution is sufficient in many cases,
since errors may be present in the form of stray capaci-

table 1. Basic data for determining LC products as a function of
frequency.

f LxC f LxC f LxC f LxC
0.5 100,000 5 1000 50 10 500 0.1
0.6 70,000 6 700 60 7 600 0.07
0.8 40,000 8 400 80 4 800 0.04
1.0 25,000 10 250 100 2.5 1000 0.025
1.3 15,000 13 150 130 1.5 1300 0.015
1.7 9,000 17 90 170 0.9 1700 0.009
2.0 6,300 20 63 200 0.63 2000 0.0063
2.5 4,000 25 40 250 0.4 2500 0.004
3.0 2,800 30 28 300 0.28 3000 0.0028
4.0 1,600 40 16 400 0.16 4000 0.0016
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LC circuit calculations

tance and self-inductance. Besides, the precise value of a
coil or capacitor is seldom known anyway.

Presented here are some aids for solving the problem
by using a simple table that allows you to determine
resonant frequency in terms of LC products. Also
included is a formula for finding inductance in micro-
henries of air-wound coils when coil diameter and
number of turns are known,

An approximate solution may be obtained from an L,
C, f, logarithmic graph. However, the L and C decades
may list only values 1, 5, 10, 50, etc.; and the f decades
may be labeled only at 1, 2, 4, 7, 10, for example.
Interpolating a log scale may be tricky, and any three-
variable graph may be confusing.

examples

A simpler method is illustrated in table 1. Here f is
related to the product (L x C). As an example, consider
a circuit with 5 uH and 8 pF. The product (40) indicates
a resonant frequency of 25 MHz, It’s that easy, Try 15
uH combined with 20 pF. The product {300} gives 9
MHz. (Note: a /arger product corresponds to a /ower
frequency).

Table 1 works for MHz, uH, and pF but is not limited
to these alone. It is also valid for kHz, mH, and nf,
where 1 nf = uF/1000. Likewise it is valid for Hz, H, and
UF (refer to table 2).

Here's another example: 500 uH x 250 pF. The
product (125,000) shows about 0.45 MHz. Or you may
simplify by writing 0.6 mH and 0.25 nf. The new
product (0.125) corresponds to about 450 kHz. The
table may be extended in either direction. You may
multiply (or divide) f x 10 when you multiply {or
divide) the L x C by 100.

Let’s use the table in reverse. We want a circuit to
tune to 1000 Hz using an 88-mH coil. The LC product

By I. Queen, W20UX, 228 East 91 Street, Brooklyn,
New York 11212



table 2. Factors for using table with various units of frequency,
capacitance, and inductance.

f LxC

Hz H x ufF

kH2z mH x muF

MHz uH x pF

Note: 1 muF = —“—F—
’ 1000

(table 1) is 0.025 and L is 0.088 H. The answer is
0.025/0.088 = 0.28 uF.

determining inductances

The value of a capacitor is often known. If it is fixed,
it probably has a color code or is labeled. A variable
capacitor is known by the number of plates and size. A
slug-tuned coil is specified as to maximum and minimum
inductance values, but an air-wound single-layer coil is
more mysterious. Its approximate inductance may be
obtained from the formula

_ D?N?
HH = 3D+ 40L 2)
where N is number of turns,

D is diameter, and

L is length (both in inches).

For example, what is the inductance of 24 turns, 0.75
inch in diameter, and 1.5 inch long?

Lo (0752) (242) _ 324
T (18:0.75) +40-1.5) 13.5+ 60
~ 4.4 uH

table 3. Some examples of inductances of air-wound coils based
on eq. 2.
diameter, inchimm)  turns, inch.(mm) length, inch(mm) uH

0.5 (12.5) 8 (204) 2.0 (51) 0.72
1.0 (25.5) 8 (204) 3.0(77) 4,20
2.0 (51) 8 (204) 5.0 (128) 27.0

If the dimensions of the coil are given in millimeters,
the approximate inductance in microhenries can be
found from the following formula:

b= D?N?
K= 760D + 1000L
where N is the number of turns,
D is the diameter, and
L is the length (both in millimeters).

For example, what is the inductance of 24 turns, 19mm
in diameter, and 38 mm long?

L= (192)(242) _ 207936
(460+19)+ (1000-38) 8740 + 38000
~ 4.4 uH
ham radio

Vertical

Performance

DenTron
Style.

1 The Dentron EX-1 s the

antenna experimenter’s delight.
The EX-1 is a full 40 meter
Va wave, 33" self-supporting
vertical. The EX-1 has a heavy
duty base, mounting brackets,
stainless steel clamps and the
highest quality seamiess anten-
na auminum. The ideal
vertical for any band you
choose. The EX-1 is great
for phasing! $5950

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

The Dentron Skymaster M
covers 10, 15, 20 and 40
meters. Using only one
cleverly applied wave trap, the
Skymaster '™ covers these
entire bands. Constructed of
heavy seamless aluminum with
a factory tuned and sealed
HQ Trap. Handles 2KW power
tevel, is 27% feet high and
includes radials. $84.50

Add 80 meters to the Sky-
masters UM with the804 VR
top resonator {100 KC band-
width). $29.50

The Dentron Top Bander M
for 160 meters mobile. Now
you can operate 160 meters
in your car, boat, plane, or
RV. It's a streamlined 10%
feet and includes a fightweight
factory sealed loading coil.
Handles 500 watts PEP, has a
standard 3/8"" - 24 ball mount
thread. $69.50

The Dentron All Band Doublet
Covers 160-10 Meters. $24.60

Deniron_

Radio Co,, Inc.

2100 Enterprise Parkway
Twinsburg, Ohio 44087
(216)425-3173
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integrated-circuit

The new Mostek MK5085/6 IC can be applied to many
different applications, most of which are usable by
amateurs. The most interesting application though, is
that it can be mated with a keyboard to form an inex-
pensive Touch-Tone generator. This chip will produce
tones that are within 0.75% of the required frequency.

The circuit shown in fig. 1 requires a minimum of
parts, all of which are readily available from local
sources. A convenient feature of this IC is that it uses
the standard 3.579545-MHz television color-burst
crystal. These are low-cost crystals and even in this
relatively remote area of northern Maine a call to a local
television repair shop produced the crystal within an
hour. This is much easier and cheaper than trying to
purchase a 1-MHz crystal for other tone generators,

On the pin-out diagram (fig. 2), pin 15 is for invalid
tone select. The pin would be grounded to provide dual
tones only. This means that if a single tone condition is
created (two keys in the same row or column selected)
there would not be an output. Pin 10, mute switch,
provides an output when a keyboard entry has been
made. The transmitter switch output, pin 15, normally
has a voltage present. During the times that keys are
depressed, the voltage is removed. The mute switch can
be used to key the PTT as shown in fig. 1. The capacitor

RSNG|

3579545
oM [ ] MHz

i

Fo)

o HaoHul-{~v
#HoHow
=)

"

fig. 1. Schematic diagram of the camplete Touch-Tone genera-
tor. The speaker can be eliminated and the output fed directly
into the microphone input of a transmitter.

By Tim Ahrens, Post Office Box 895, Caswell
AFS, Maine 04750
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tone generator

across the relay will keep it pulled in for approximately
2 seconds. Output {pin 16) is from the open emitter of a
transistor. A load resistor, normally 1000 ohms, must be
connected externally.

Depending upon the keyboard used, the correct IC
can be selected from fig. 3. The MK5085/6-1 will
operate with 3.5 to 10 volts applied while the
MK5085/6-2 requires 4.5 to 10 volts dc. Current require-
ments are approximately 400 pA idling and 10 mA
operating at 6 volts.

PIN CONNECTIONS

. 16 TONE OUT

15 INVALID TONE SELECT (ITS}
14 ROWI

13 ROW2

t2 ROW3

1 ROW4

10 MUTE

9 coL4

v+
XMY
coLt
coL2
coL3
vi-)
osc2
0sC !

® N O D N

fig. 2. Pin-out of the MK5085/6. The ITS is grounded to elimi-
nate any single tone outputs.

In my particular case, the internal portion of a 16
button pad was removed and a small printed circuit
board substituted. This was not really necessary, but it
provided more reliable tone generation than the original
circuitry. To date, | believe this IC provides the average

e

coL «—4A A4 pow
CLASS A KEYBOARD

STUR
1 v+ |
b .
A ROW A gow
2 OF 6 DTMF KEYBOARD 2 OF 8 OTMF KEYBOARD
MK 5085 MK 5086

fig. 3. Keyboard connections to the MKS085/6.

ham the easiest way to generate correct tones for a
minimum of expense.
reference
1. Mostek data sheet, MK5085N/MK5086N Integrated Tone
Dialer, Mostek Corporation, 1215 West Crosby Road, Carroliton,
Texas 75006.
ham radio



SSB/CW —

Discover reliability in long-haul communications with
VHF SSB and CW. The Cush Craft DX-Array also gives
low angle, high gain performance for many exotic propa-
gation modes — tropo, aurora, sporadic-E, and meteor
scatter. Horizontally polarized DX-Arrays may be used
singly or combined in pairs (twice Effective Radiated
Power) or quads (4 x ERP). Each DXK stacking kit is
complete with stacking frame and phasing harness
(vertical mast not supplied). This year has seen some
spectacular VHF bandiopenings — Don't miss the next
one!

Dave Olean, K1WHS, with his 160 Element
DX-Array and Polar Mount EME System

220 MHz.

432 MHz.

FM —

Enjoy the thrill of dependable long distance contacts on
simplex or thru remote repeaters. The 20 element co-
linear DX-Array offers a precise pattern with large cap-
ture area. This vertically polarized, horizontally stacked
array provides a narrow beamwidth for the discriminating
FM user. Wide impedance and gain bandwidths make the
DX-Array a natural choice for the serious FM’er. A verti-
cal polarization bracket, model DX-VPB, is required
(support boom and mast not supplied). Seek out new
horizons with DX-Array!

EME —

Many VHF experimenters have found excitement in
conquering the formidable Earth-Moon-Earth (EME)
path. 2-meter moonbouncers have achieved outstanding
success using eight stacked DX-Arrays. Impedance and
gain characteristics of this antenna permit stacking
without the critical detuning problems inherent in large
arrays of Yagis. Enlarging system size will yield a more
uniform gain increase with DX-Arrays than with many
other large antennas. The physical configuration
alleviates mounting and phasing/tuning problems. EME
enthusiasts are setting new records — So can youl!

DX-ARRAY LEADS THE WAY/!

Description: m,“ﬂhuu: Model:  Price:  Model:  Price: S IN STOCK WITH

20 Element == DISTRIBUTORS WORLDWIDE
DX-Array DX-120 $39.50 DX-220 $3250 DX-420 $29.50 11

Frame & Harness : i
(40E.) DXK-140 $52.60 DXK-240 $49.50 DXK-440 $36.50

Frame & Harness
rennnssssesees CLISCIY

1-152-ohmBalun  DX-1BN $10.96 DX-2BN $10.96 DX-4BN 810,95

ook Pob 8 ' CORPORATION
(20 EL.) DX-VPB $8.95 DX-VPB $8956 DX-VPB $8.95 P.O. BOX 4680. MANCHESTER, N.H. 03108
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remote

temperature sensor

Many times it is useful to know the
temperature of an operational electronic
device or component. An inexpensive
temperature sensor which can be re-
motely installed inside a chassis or ap-
plied directly on a component to be
checked, is a low cost silicon diode such
as a 1N4004. The resistance of many
diodes and other solid-state devices
changes in a rather {inear fashion vs tem-
perature in the region from 32 to 212°
Fahrenheit (0 - 100° C). A digital ohm-
meter can be used to measure the “‘sen-
sor’’ resistance {converted to tempera-
ture) after a simple calibration pro-
cedure has been completed and a chart
similar to fig. 1 is prepared. The actual
measured resistances will vary from
diode to diode, and from type to type,
but it is surprising how accurate these
simple sensors can be.

Calibration of a sensor is accom-
plished by applying crushed ice to a
diode connected as shown in fig. 1 to
establish 32°F (0°C) temperature equiv-
alent resistance. The 212°F (100°C)
point can be established by placing the
sensar in boiling water. It is best to
allow 3 minutes or longer at both cali-
bration points for the device to stabil-
ize. Distilled water gives the most accu-
rate results but | have used tap water as
well. If you wish to compare inter-
mediate points by using an industrial
thermometer, be sure to stir the water
to equalize the temperature because
there is usually a measurable tempera-
ture gradient, from top to bottom, in a
container of water being heated. Draw a
straight line between the values charted
on a linear graph paper.

The curve in fig. 1 shows the small
error {worst case 1.92%) of the sensor
when compared to an expensive labora-
tory thermocouple meter,

Max J. Fuchs, WATNJG
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fig. 1. Temperature vs resistance curve for low-cost 1N4004 silicon diode.

Values for 1N4001 dlodes are nearly the same, Worst case deviation from

linear slope is 1.92%.

75S-series
crystal adapter

I recently acquired a Collins 75S5-1
receiver, Navy MARS coverage was
desired and | managed to locate a junk
box 7081-k Hz crystal that would
temporarily allow me to cover the
needed frequencies. It was a type
HC-17/U which | was reluctant to alter
to the HC-6/U package required by the
receiver crystal board. There was also
the problem of removing and replacing
the crystals, their close spacing requiring
needle-nosed pliers or similar device. |
had no crystal/socket adapters on hand.

| solved the problem by removing the
case and innards from a defunct HC-6/U
crystal and soldering the tabs from a
standard phenolic tube socket to the
pins of the now empty HC-6/U crystal

case. This construction alone has proven
to be of sufficient strength although the
assembly may be epoxied or incapsula-
ted. With the adapter, HC-17/U crystals
may be used (in fact, some FT-243s |
tried also worked well), and are easily
removed and/or exchanged.

Paul K. Pagel, K1IKXA

Collins 70E12 pto
repair

After twenty-five years of faithful
service my Collins 75A2 receiver quit.
An extensive search uncovered the un-
happy fact that its permeability-tuned
vfo or pto had a shorted tubular, cer-
amic coupling capacitor.

Since factory service was out of the
question in terms of time and money, |



decided to remove the pto myself and
try to repair it. Here's what | did.

| used a short Philips screwdriver to
remove the three screws holding the
unit to its mounting plate in the
receiver, In fact, | made a screwdriver to
do this because | didn’t happen to have
one of the right size. You'll be luckier. |

then snipped three wires and unsoldered
the coax that goes to the 6BA7 second
mixer tube. After | removed the pto
cover, it was easy to replace the shorted
capacitor with two 0.0047 uF silver
mica capacitors.

| next replaced the pto unit — with-
out its cover — in the receiver because |
wanted to adjust its frequency calibra-
tion. Surprise! It was 8 kHz off when |
re-installed it, but | was able to adjust it
to within about 1 kHz. So far, so good,
but now | had to remove the unit again
to put its cover back on, and then re-
install it a second time. Drat! Calibra-
tion was now 35 kHz off over the 1
MHz range. | removed it for the third
time, and by now had become an expert
in removing and replacing ptos.

Then | got a bright idea: Why not
drill a small access hole in the pto can
opposite the trimmer inductor, and also
file a small screwdriver access notch in
the pto mounting plate? | also oiled the
lubricating washer with Three-in-One
oil, and applied a dab of cold cream to
the screw. | figured that if it’s good for
the face it shouldn’t hurt the pto.

This time, after everything was back
together, | made a small aluminum-wire
tuning tool to reach the trimmer induc-
tor through the hole | made in the pto
can. Final calibration was less than 1
kHz from one end of the dial to the
other. My 75A2 is now perking again
better than ever, and | saved myself a
whole lot of money in the bargain.

Oscar Tripancy, W6BIH

safety circuit for
pushbutton switches

A number of neat pushbutton
switches has appeared on the surplus
market, and these switches are being
used for a variety of purposes around
the ham shack. One common type is a
bank of dpdt or 4pdt buttons ganged
mechanically so that pushing one
releases the others. This switch might be
used, for example, to select one of a
bank of crystals or to power up one of a
group of circuits. Usual wiring ignores

the normally-closed contact and applies
the power {or ground) to all the com-
mons in parallel, While the mechanical
linkage releases the other buttons when
one is pressed, it does not prevent simul-
taneously pressing (and locking) two
buttons, thereby activating two separate
circuits.

SWITCH VIEWED FROM TOP

g g g PUSH BUTTONS
PANEL
l'srrross v]: Iz TZZIIIIN

TRANSMIT GND-—_|

g vix 23
8 TVLIX LINX
9 Tvix 034
2 WAX LINX
a ix 234

vV Tvix 038
vV IVAX LiINX
Q WLX LINX

fig. 1. Method of wiring multiple push-
button switches so that two circuits cannot
be connected at the same time, even though
two buttons are pushed simultaneously.

If activating two circuits is undesir-
able (as with a crystal selector), this
possibility can be prevented by wiring
the common of each pushbutton
through the normally-closed contact of
the previous switch so that the power
(or ground) is carried as far as the first
button depressed but not beyond (see
fig. 1).

Richard Fleck, K3RFF
David McLanahan, WA1FHB

ICOM-22A
wiring change

Recently, while operating my 1C-22A
from the home station on 146.52 MHz
simplex, | noticed the receiver had a
slow recovery. Also, the in-line bridge
indicated the emission of power at a low
level. | further noted a low growling
noise from the speaker at this time
when | held my ear close to the speaker.
Upon investigation of the circuit dia-
gram and the wiring of the transceiver, |
found what was an apparent wiring
error.

PL1 and PL2 (the dial and S-meter
lamps) are connected to the input side
of the whine filter choke L35. It was
also noted that another lead was con-
nected to the same point on the termi-
nal strip, from R3, the 100-ohm series
resistor connected to PL3, the transmit
indicator lamp. According to the wiring
diagram, this lead should be connected
to the output side of the whine filter

z
NORMALLY CLOSED
©| " CONTACTS

o
RECEIVE GND—to\O “— COMMON CONTACTS
«— NORMALLY OFEN
CONTACTS

(the junction of L35, C94, R102, and
the common of $102).

After disconnecting the lead from
the terminal strip and soldering it to the
common of §102 (that side of the high-
off-low switch which has an empty
terminal) the problems disappeared. In
addition, the small amount of alternator
whine which was audible in the external
speaker while mobile is now non-
existent, Caution: Do not connect the
wire from R3 to the empty terminal of
S$102, but to the common of the switch
which is the center terminal on that side
of the switch.

Paul K. Pagel, K1KXA

low-cost copper
antenna wire

I've found that copper antenna wire
is either unavailable in the quantities
that | need or is priced so high that |
can't afford it; sometimes both,

Quite by accident an acceptable solu-
tion to the problem presented itself
while | was in a local sporting-goods
store looking for another item. A fisher-
man, who does a lot of lake-trout
trawling, was buying stranded copper
trawling wire in 300-foot (100m)
lengths at what seemed to be a ridicu-
lously low price. After he left, 1 ques-
tioned the proprietor about the availa-
bility of the line, and he answered, ‘No
problem, | can get all | want.”

Since then, l've become an avid
antenna builder and use this material for
all my wire antennas. The wire is a
seven-strand, twisted copper wire that
solders easily and has a diameter
approximately equivalent to no. 16
AWG (1.3mm) wire. The only short-
coming I've found is that the wire will
stretch under load over a period of time,
sometimes as short as a month or so.
Consequently | use it for inverted vees
and other antennas where the wire
doesn’t have to bear all the load or
strain of the connectors and coaxial
cable. 1’'ve discovered, however, that |
can easily trim or “prune’’ the wire to
its orignal length after it has stretched
for awhile. Stretching also appears to
“cold-work’’ the wire slightly and is less
pronounced after the initial deforma-
tion. Price? Well, the last 600-foot
(200m) spool | bought cost only a bit
over one cent per foot!

Jim Gray, W2EUQ
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ME-3 microminiature tone encoder

Compatible with all sub-audible tone systems such as: Private Line,
Channel Guard, Quiet Channel, etc.

$29.95 each

Wired and tested, complete with

K-1 element
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» Powered by 6-16vdc, unregulated
» Microminiature in size to fit inside all mobile units
and most portable units
« Field replaceable, plug-in, frequency determining elements
« Excellent frequency accuracy and temperature stability
« Output level adjustment potentiometer
» Low distortion sinewave output
« Available in all EIA tone frequencies, 67.0 Hz-203.5 Hz
» Complete immunity to RF
» Reverse polarity protection built-in

communications specialists K1 FIELD REPLACEABLE,
PLUG-IN, FREQUENCY
P.0.BOX 153 o
BREA, CALIFORNIA 92621 PESEIMNINS ELEMENTS

(714) 998-3021 $3.00 each

&

More Details? CHECK—OFF Page 118



Introducing the 2-meter hand-held
that gives you high performance.

*Registered Trade-mark of AT&T

1976 Hy-Gain

More

Without high cost.

It's the new Hy-Gain 3806
2-meter, 6-channel hand-
held FM transceiver (144-
148 MHz). The 2-meter
hand-held that takes the
high cost out of per-
formance.

The Hy-Gain 3806 is
built to out-perform. Out-
last. And out-class every
other 2-meter hand-held.

It's built tough. Water,
dirt and corrosion are
sealed out by the specially
gasketed case. The speaker
/microphone grill is
engineered to prevent
direct entrance by water.
Even changing the power
pack in the field won't
diminish case integrity.
The power section is
separately sealed. So you
never expose the circuitry.

The high-impact ABS
case is extra tough. And
ribbed for a sure, non-
slip grip. The controls are
up front. And easy to
operate. There's volume.
Squelch. 6-position chan-
nel selector. Transmit
LED indicator. A meter
that indicates battery
condition on transmit,
signal strength on receive.
And a separate power
switch for positive on-off.

There's a telescoping
antenna that collapses
completely into the case.
Or you can use our 269
flexible antenna for extra
convenience. And there
are jacks for use with
external antenna. Ear-
phone. And external
12 VDC.

The 3806 has the kind
of guts that have made
Hy-Gain products famous
throughout the world. Its
receiver section is superior

Details? CHECK—OFF Page 118
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to everything else for the
money. It has sharply
tuned, on-frequency selec-
tivity in the RF amplifier
circuit. Two MOS-FET RF
amplifier stages. Plus
MOS-FET's in the 1st and
2nd mixers. They make
the 3806 virtually immune
to out-of-band signals.
Intermodulation distortion.
And cross-modulation.

So you get truly incredible

dynamic range. For superb
adjacent channel rejection,
the 1st mixer is followed
by a monolithic crystal
filter. And the 2nd mixer
by an 8-pole ceramic filter.

A frequency multiplica-
tion factor of 12 allows
you to use thicker, high
stability crystals (one set
of 146.52 simplex crystals
supplied). Audio is en-
hanced through use of
separate speaker and
microphone elements.
And there's an internally
adjustable mic preamp.
Something you won't find
anywhere else.

The Hy-Gain 3806
hand-held is backed by
a complete line of superb
accessories. Including AC
and DC chargers. Carrying
case. External antenna
adapter cable. And a Nicad
power pack that's so over-
engineered you won't
over-extend it. Even in the
most adverse conditions.

The pack is completely
sealed in its own tough
ABS case. Protected
against over-charging.
And contact shorting. It
has 30-40% more in-use
capacity than competitive
units.

Soon we'll have a
Touch-Tone"* pad avail-
able for the 3806. It'll fit
flush in the back panel.
Because we designed it
specifically for the 3806.

The Hy-Gain 3806
2-meter, 6-channel FM
hand-held. It gives you
the performance you want.
Without costing a lot.
Available locally through
your Hy-Gain dealer. See
it and our more than 300
other fine products soon.

We keep people talking.
Hy-Gain Electronics Corporation 8601 Northeast Highway Six; Lincoln, NE 68505
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memory keyer

Dear HR:

Since the popular WB9FHC memory
keyer article was published! several
modifications have been introduced for
this relatively simple, low-cost
circuit.2:3:4 A significant disadvantage
of the original circuit is the asynchro-
nous clock, which allows sporadic key-
ing anomalies. At low speeds a dot or
dash may be lost if the paddle is hit and
released between clock pulses, In addi-
tion, a “lost’” dash may show up the
next time the dot paddle is pressed. This
phenomenon is the result of the master-
slave flip-flop having an inherent
memory at its J and K inputs. When the
clock pulse is high, a brief high at the J
input will be saved and clocked out
when the clock goes low. While the
clock is fow, the J input will not accept
a high. K3NEZ eliminated the unwanted
dash by connecting the clock input of
the dash flip-flop to the Q output of the
dot flip-flop.2 Thus, the dash flip-flop
data inputs are disabled between charac-
ters by a low at the clock input.

At W60OCP, a different solution was
found. Both disadvantages of the circuit
were minimized by changing the duty
cycle of the NEB55V from a square
wave to a series of short low-going
pulses, Thus, the inputs to both the dot
and dash flip-flops are enabled between
clock pulses, and no characters are lost.

1. Michael Gordon, WB9FHC, ’Electronic
Keyer with Random-Access Memory,” ham
radio, October, 1973, page 6.

2. Howard M. Berlin, K3NEZ, ‘‘Memory
Keyer’* (Comments), ham radio, December,
1974, page 58.

3. Howard M. Berlin, K3NEZ, ‘‘increased
Flexibility for the Memory Keyer,” ham
radio, March, 1975, page 62.

4. Howard M. Berlin, K3NEZ, “RAM Keyer
Update,’’ ham radio, January, 1976, page 60.
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tig. 1. Modifications to WB9FHC's memory keyer eliminate sporadic keying anomaiies. Also
added are a dot memory, pause and reset, and pushbutton select and start.

A dot or dash is “remembered’’ and will
be heard when the next clock pulse
arrives. Fig. 1 shows the maodified
NEB55 diagram.

it should be noted that this memory
is not equivalent to a dot memory which
prevents dots from being lost when the
dot paddle is hit during a dash, as in the
letter N. This feature is essential for atl
but the most coordinated CW operator.
The dot memory shown in fig. 1 was
adapted from January, 1975, QST> and
makes use of the master-slave input
memory. The unused half of the start/
stop flip-flop, a 7473, can be connected
as shown for this purpose.

The 100 mA transformer supplied
with the kit is barely adequate to supply

5. James H. Fox, WA9BLK, "“An Integrated
Keyer/TR Switch,”” QS7, January, 1975,
page 15.

the board’s current needs, thus limiting
the number of extra logic functions
which can be added. The circuit changes
shown reflect this problem; if a heftier
5-volt supply is used, diodes and
double-throw pushbuttons can be re-
placed with cleaner circuitry using gates
and inverters.

| have found pushbutton select-and-
start to be important for contest
efficiency, but needed a way to cancel a
message in case of error. The circuit
shown accomplishes this without addi-
tional chips. The use of an inverter
could eliminate the reset-followed-by-
stop action of the spdt pushbutton.

A pause feature can be added using
another such switch, also shown in fig.
1. Once the timing skill is developed,
this control can be used to insert repeats
or additional words in a transmitted
message. A more complex circuit would
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Schematic diagram of the improved full-wave detector with new resistor values.

gate the memory output, eliminating

the possibility of stopping the message
with the transmitter keyed.

Jerry Holter, W6OCP

Menlo Park, California 94025

diode detectors

Dear HR:

! enjoyed Hank Olson’s article on
‘“Diode Detectors” in the January,
19786, issue of ham radio, but would iike
to point out an error in his “improved’
rectifier circuit of fig. 11 (shown be-
low). The circuit as shown is not
balanced, and a page or two of algebra
shows that the correct ratio for the
second stage lower input divider is 9R -
11R and not 10R - 10R as shown. In
addition, the circuit is not new. If you
let the upper divider values be R and R
(instead of 10R), the lower divider ratio
goes to unity (i.e., it drops out) and the
circuit is identical to one | published in
Electronic Design in 1967.*

Allan Lloyd, W2ESH
Hawthorne, New Jersey

Strictly speaking, Mr. Lloyd’s criti-
cism of the improved rectifier circuit is
valid. The slight error occurs because
point A drives a resistance of 10R (since
the inverting input of U2 is a virtual

ground) and point B drives a resistance
of 20R (the input impedance of U2’s
non-inverting input is very high). That
is, points A and B are driving different
impedances by a 2:1 ratio. Since these
impedances were deliberately picked to
be considerably larger than the im-
pedances driving them, little imbalance
occurs (comparable with the resistor
tolerances typically used in amateur
projects).

If one wants to be absolutely accur-
ate, Mr. Lloyd’s advice should be
heeded, and the circuit values changed
as in the schematic above. Of course,
fig. 13 in the original article has a small
potentiometer to correct for this
problem and that of resistor tolerances.

Until Mr. Lloyd’s letter arrived | was
not aware of his “ldeal Rectifier” cir-
cuit which was published previously in
Electronic Design. To my knowledge,
the circuit was the design of Dr.
Nicholas Cianos, to whom | gave credit
in the article.

Henry D. Olson, W6GXN

*Allan Lloyd, “ldeal Rectifier Uses Equal-
\y)lue Resistors,”” (ldeas for Design), Elec-
tronic Design, June 21, 1967, page 96. For
further comments and additional features of
this interesting but tricky circuit, see ‘letters’’
column of Electronic Design, October 11,
1967, page 46; and December 20, 1967,
page 48.

binaural cw reception

Dear HR:

The article, ’Synthesizer for Binaural
CW Reception” in the November, 1975,
issue of ham radio was particularly
interesting because, back in the early
1950s as W10OPN, | built an outboard
unit for my homebrew receiver to
achieve a similar effect to the one
author Hildreth describes. In my case
the center frequency from the narrow
band i-f produced equal 1000 Hz notes
in each ear. Tuning through the signal,
from left to right for example, resulted
in a low frequency beat note (left ear)
rising to 1000 Hz (both ears) and then
dropping in frequency again (right ear).
As | recall, the left-to-right effect was
not too impressive, but I'm sure
Hildreth’s state-of-the-art approach
makes it most worthwhile. A block dia-
gram of the system | used is shown
below.

The really dramatic results, and the
reason | write, occured when | tuned
one of the well-isolated local oscillators
to almost the same frequency as the
other oscillator. The very small fre-
quency difference (or was it phase)
provided the strong sensation that the

desired signal stood out in three-
FROM 6BE6 LOWPASS 5670
20 kHz [—od FILTER AUDIO

-F CONVERTER 1000 Hz AMP

19 kHz
LOCAL
OSCILLATOR

PHONES 8)
5670
AUDI0
AMP

dimensional space. The result was a true
stereo sensation with ‘“‘depth and
presence’’ as the ads say, a sensation
that made CW copy unique.

As | usually do, | tore the unit down
and went on to something else. If | ever
finish modifying my current solid-state
receiver, | want to try this experiment
again. Perhaps some other ham radio
readers would like to try it too.

David L. Anthony, WSNOE
Columbus, Texas

1000 Hr
LOWPASS
FILTER

68E6
CONVERTER

!

21 kHz
LOCAL
OSCILLATOR
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Dentron & Spectronics . .. a perfect match

SUPERAMP

Match everything from 160 to 10
with the new 160-10 MAT

NEW: The Monitor Tuner was designed be
cause of overwhelming demand. Hams told
us they wanted a 3 kilowatt tuner with a
built-in wattmeter, a front panel antenna
selector for coax, balanced line and random
wire. So we engineered the 160-10m Monitor
Tuner, 1t's a lifetime investment at $299.50

$299.50

NOW AVAILABLE WITH 572 B* FOR 3574 .50

hitwer you're thinking ol buying doesn’t deliver at least 1000 to 1200 watts output,
to the antenna, you're buying the wrong amplifer

Our New Super Amp 6 swesping the country because hams have realized that the DenTron

Amplitier will deliver 1o the antenna, loutput power), what other manufacturers rate a input ! : - - : -
o - SuperTuner

The Super Amp runs a full 2000 watts P.E P input on SSB, and 1000 watts DC on CW, RTTY

or SSTV 160-10 mwters, the maximum legal power

The Super Amp s compact, low profile, has a solid one prece cabinet assurning maximum TVI

sheilding The DenTron Super Tuner tunes everything from 160 10 meters. Whether you have
balanced line, coax cable, random or long wire, the Super Tu will match the antenna
impedance to your transmitter. All DenTron tuners give you mum power transfer
from your transmitter 1o your antenna, and nn't that where it ieally counts?

1ewmooel STZ29.80 5w mooer $zzq.so

The Sky
Openers

SKYMASTER
A fully developed and teted 27 foot

The heart of our amplifier, the power supply, 18 & continuous duty, self-contmned supply built
for contest performanoe

We mounted the 4 6§72 B* industnal workhorse tubes, in & cooling chamber festuring the
on-dem variable cooling syuwam

The hams at DenTron pode themaelves on quality wark, and we fight to keep poces down. That's
why the dynamic DenTron Linear Amplifer beats them all

The 80-10 Skymatcher

Hara's an anteona tuner lor BO through 10 meters, handles 500 w P.E.P. and matches your
62 ohm transcever 10 a random wire antenna

* Continuous tuning 3.2 30 mc
= "L network
» Ceramic 12 position rotary switch

* S0--239 receptional to transmitter on 20 meters. Constructed of heary weam TRIM TENNA

= Random wire tuner

= 3000 volt capacitor spacing

* Tapped inductor

= Cevamic antenna feed thru

« 7"W.5" H. 8" D., Weight: 5 Ibs,

$59.50

Read forward

and reflected - -

watts at the
scne time

To e ol comtant switching and guesswork?
Every serious ham knows he must reasd both lorward and reverse wattage simultaneously
for that perfect match. So upgrade with the DenTron W-2 Dual in line Wattmeter

$99.50

SPECTRONICS, INC.

1009 GARFIELD
OAK PARK, IL. 60304
312-848-6777
TELEX 72:8310
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fess aluminum with & factory tuned and
vealed HO Trap, SKYMASTER n weather
ool and withitands winds up to 80 mph
Handies 2 KW power level and n for
wound, rool of lowss mounting  Radisly
included in our low price of

$84.50

Alvo BO m resonaton for top mounting on

SKYMASTER $zq.so

SKYCLAW
A tunable monobend hegh perlor mance
wertical antenna, devigned for 40, B0, 160
mater opetation  SKYCLAW gver you
the lollowing ipectium coverage
BAND BANDWIDTH
Matars) [CCH
1680 50
L 200
40 entire band
Tuning i ety snd rehable  Fugged con
sruction ssures that this il supporting
wnit it weatherprool snd survven ncely
wn 100 mph winds . Handier full legal

" $79.50

The antenna your nesghbors will love. The
new DenTron Trim Tenna with 20 meter
beam i deugned for the dicriminating
amateus who wani wisatic parormance
i an povironmen tally sppealing beam. It
really loaded! Up front there's & 13 loot
B inch director with precision Hy O coils
And, T feet behind n & 16 foot diven
wlamant fed directly with 52 ohm cosx,
The Trim Tenna mounts sauly and what
& ditference in on the ait performance be
tween the Toum Tenna and that dipole,
long wire of inverted Vee you've besn
wibng 4 & 6 Forward Gasn Ower Dipole

$129.50

EX

The DenTron EX 1 Vertical Antenns i
detigned for the performance minded
antenna sxperimenter. The EX 1 o e full
40 meter, % wave, 13, sl supporting
wertical. The EX.1 i the ideal vertical

T $59.50

HOURS

STORE HOURS:

Mon-Thurs 9:30-6:00, Fri. 9:30-8:00
Sat. 9:30-3:00, Closed Sun. & Holidays.

More Details? CHECK—OFF Page 118



NOW FROM Wilson:

AMATEUR: ANTENNAS *ROTORS - TOWERS

3 CRANK-UP | i
TOWER MODELS - " DB33 | 4 AMATEUR ANTENNAS

AV“".ABLE The Wilson 204 is the best and most economical antenna of its type on the market
e F I 1 26" bo lus a G Match (no bal 4} make |
TT-45 FREESTANDING / our elements on a om plus a Gamma Match (no balun required) make for

~

high performance on CW & phone across the entire 20 meter band, The 204 Mono
CRANK-UP TOWER, 45 Ft. bander is built rugged at the high stress points. Using taper swaged slotted tuling
The TT-45 will support 9 sq. ft. at permits larger diameter tubing where it counts, for maximum strength with mimimum
a height of 39 ft. freestanding

wind loading
when properly bracketed to a
house or wall at the B ft. level
The loads decrease as the tower
extension Mast is  lengthened
(Loads are based at 50 mph and
load permitted on the tower de-

The DB33 is the newest addition 1o the Wilson line of antennas. Designed for the
amateur who wants a lightweight economical antenna package, the DB33 compl
ments the M204 for an [l DXers ¢ L tian,

All Wilson Manoband and Duoband beams have the following comman features.

creases with increases in wind  Taper Swaged Tubing « Adjustable 52 £) Gamma Match
speed over 50 mph). The tower * Full Compression Clamps * Quality Aluminum
can be completely freestanding * No Holes Drilled in Elements * Handle dkw
= 2" or 3" Aluminum Booms * Heavy Extruded Element to Boom Mounts

with~our new concrete or tower
rotating bases, which allow the
use of our raising fixture. Using
these accessories, the towers can
be installed by one man easily.
List ... $329.00

FOR THE TOWERING SIGNAL -
WILSON'S S5T-64 GUYED

CRANK-UP TOWER, 64 Ft.
All steel tubing is galvanized

WR 1000 ROTOR

The Rotor everyone has been waiting years for —
pable of the largest arrays up to 25 sq. ft.—Superior
op pitches — Full 4,000 inch Ibs. of turning
torque. Braking system requires 12,000
ted and conforms to ASTM inch Ibs. before over-riding — accepts
fications for years o " 2" - 3" masts — Weighs 60 Ibs. — Size:
ance free service. Thg 11'* diameter, 19" high.

inest Rotor in the Market Today
.......... $429.00 List

and virtually
up poles a

} the other
Or being mar-

el Ball Bearing race-
res elimination of side
B jamming when Rotor is
nted in line with the mast.

WILSON A

Forward  Front-to Front-to
Gal

Maodal n Aatio  Side Ratio
MNo. Frequency  (dB) (E1:1]) L1}
nSag 40 55 20 30 ecommended for antennas of
ME20 20 13.0 28 as
n w12 s 3 7.5 sq. ft. or less . . . weighs
m204 20 10.0 25 30 20 Ibs.
Mz03 20 a5 20 a0
Miss 15 12.0 26 30 The
| 15 10.0 25 30
e i aE W o WRS00 Rotor . . $129.95 List
mioe 10 138 28 a0
M08 10 130 28 30
mios 10 12.0 26 30
M103 10 as 20 a0
DBas4 20 12.0 26 30
156 100 25 30
DB43 15 8.5 20 30
10 10.0 25 a0
DBell 15 88 20 30
1w as 20 a0

AVAILABLE THRU YOUR LOCAL DEALER

OR FOR A FREE CATALOG OF

FOR THE NAME OF YOUR

NEAREST AMATEUR DEALER THE ABOVE PRODUCTS, CONTACT:
Wil Electronics ¢
1ISON LIECLIonics vorp.
Prices Effective
4288 SO. POLARIS AVENUE . LAS VEGAS, NEVADA 89103 - (702) 739-1931 . TELEX 684-522 Feb.1,1977

More Details? CHECK—OFF Page 118 february 1977 [l 79



products

flexible antennas
for two-meter

hand-helds
Antenna Specialists recently

announced a new line of “Rubber

Ducky” type antennas for two-meter
hand-held transceivers. These antennas
are designed for units using type-F
TNC, or BNC antenna connectors, and
all are protected by high quality,
molded plastic sheaths. The HM-226
(TNC-type) is designed for the newer
Wilson brand transceivers, and is priced
at $11.50; the HM-227 (BNC-type) is
designed for many brands, including
Genave, and is priced at $9.50; and the
HM-228 (F) is designed for the older
Wilson, Tempo, and other brands, and
is priced at $8.75. For additional infor-
mation write the Antenna Specialists
Company, 12435 Euclid Avenue,
Cleveland, Ohio 44106.
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500 MHz frequency
counter

recently an-

Electronics
nounced its new CTR-2 Frequency
Counter with prescaler that covers 500
MHz with an accuracy of 0.00002 per

Davis

cent., Features of the new counter
include a full 8-digit display, large 0.3
inch (7.6mm) LED readouts, automatic
decimal point placement, 1-Hz resolu-
tion, high input sensitivity, and auto-
matic input limiting. The CTR-2 has
selectable gate times of 1 millisecond
and 1 second, with provision for 10
seconds, and a high-stability 10 MHz
TCXO time base. This counter is
recommended for any frequency
measuring task from 1 Hz to 500 MHz
— audio through ultra-high frequencies
— and is guaranteed for one vyear,
Delivery from stock at only $349.95.
For more information and free litera-
ture, write Davis Electronics, Dept. JJ,
636 Sheridan Avenue, Tonawanda,
New York 14150.

floppy disk

California,

San Leandro,
recently announced the availability of a
floppy disk drive with an intelligent

Imsai,

interface/controller. The system s
specifically designed for use with the
Imsai 8080 computer, and offers the
user a number of benefits heretofore
not provided by other manufacturers.
The floppy disk has a capacity of
243k bytes using the IBM 3740 format.
The interface/controller contains its
own processor and direct access mem-
ory which operate independently but

under command of the main processor
of the Imsai 8080, enabling the main
processor to perform other tasks while a
disk operation is in process. Also, the
user can change the program format of
the disk by reprogramming the interface
EPROM (erasable programmable read
only memory) chips. Up to four floppy
disk drives can be controlled by one
interface/controller. Each disk can be
write-protected by software control.

The disk drive comes in a cabinet
with a power supply and the capacity to
accommodate a second drive. A rack-
mounted version is also available. All
interconnection cables are included. The
Imsai Floppy Disk Drive and Interface/
Controller are $1,649 assembled and
$1,449 unassembled. An additional disk
drive without cabinet is $925. The
Interface/Controller alone is $799
assembled and $599 unassembled. Disk
Operating System software is available
on diskette for $40. Also, 12k Extended
BASIC with disk access capability is
available.

For additional information, write
IMS Associates, Incorporated, 14860
Wicks Boulevard, San Leandro, Califor-
nia 94577; telephone (415) 483-2093.

bpbr circuit duplexers

Wacom Products, Inc., of Waco,
Texas has announced a new line of du-
plexers which include the use of a new
exclusive circuit developed by the
company. When used with a high-Q
filter, the BpBr Circuit provides
superior suppression of spurious and

More Details? CHECK—OFF Page 118



sideband noise between the adjacent
duplex frequencies, particularly when
the duplex frequencies are close-spaced.
A patent is pending on the new circuit.
new circuit.

Model WP-641 consists of four
8-inch (20cm) OD cavities with the
BpBr Circuit, and is designed for use
with duplex stations in the
144-174-MHz band when the transmit-
to-receive frequency separation is 500
kHz or more. It provides bandpass
characteristics near the pass frequencies
and band-reject cavity characteristics at
the frequencies to be attenuated.
Superior transmit-to-receive isolation is
a feature of the new model.

For additional information contact
Wacom Products, Inc., Box 7307,
Waco, Texas 76710; or telephone
(817) 776-4444.

gutter-mount
mobile antennas

Hamline Electronics recently intro-
duced a new line of easily-installed vhf
mobile antennas featuring a stressed-
aluminum gutter-mount bracket and
quarter-wave elements for 146-MHz and
220-MHz applications. The bracket
includes an SO-239-type connector with
ten feet of RG58/U coaxial cable. A
simple, plastic-tipped stabilizing screw
permits the bracket to be adjusted for
any vehicle rain gutter so that the
antenna will be vertical. Two mounting
screws threaded into a clamping plate
secure the assembly in minutes to a par-
ticular automobile.

The antenna elements are made from
resilient steel and are vinyl-clad for
protection from weather. Each element
is mounted in a non-tarnishing
PL-259-type plug and sealed with epoxy
to form an electrically sound, weather-
proof, quickly-detachable assembly.

The FME-146 element for 2 meters,
and the FME-220 element for 1%
meters may be purchased separately for
only $4.95 each, postpaid. The
mounting bracket with one element is
priced at only $15.95 postpaid. Please
specify the element desired when order-
ing. (Pennsylvania residents please
include 6% sales tax.)

For additional information, write
Hamline Electronics, Box 52, Sweet
Valley, Pennsylvania 18656; telephone
(215) 929-8118 (preferred) to (717)
256-3017.

WE OFFER THE IDENTICAL PRODUCT AS THE
OTHER HOUSE AT ABOUT ONE HALF THE COST

LOWEST

Iron Powder Ferrite Toroidal Cores
P R I C E S Toroidal Cores  Size Price
Size Price FT-114 $.60
T-200 $1.60 FT-82 40
T-130 1.15 FT-50 35
T-106 75 FT-37 30
T-94 50 FT-23 25
T-80 .40  Ferrite Shielding Beads
T-68 35 Size Price
T-50 30 FB-73-101 $1.00 Doz.
T-37 25 FB-43-101 $1.00 Doz.
T-25 20 FB-73-801 $1.50 Doz.
T-12 15 FB-43-801 $1.50 Doz.

Specify desired ma-
terial for toroids —
All popular sizes in
stock.

G.R. | HITEHOUSE&DO

Packing & Shipping in USA $2.00
SEND FIRST CLASS STAMP FOR PARTS FLYER

“approaches

THE IDEAL
ANTENNA™

WE KNEW IT WAS GOOD . .. BUT,
THE INDEPENDENT LABORATORY
SAID IT BEST!

Antler A-280 % wave, magnetic
mount mobile 2-meter antenna.
Precision tuned coil, 47" tapered
17-7 stainless steel whip.

""'The measurements
made at the EMCO
facilities in Austin,
Texas would indicate
that the Antler Model
A-280 2-meter antenna
closely approximates an
ideal antenna'*

“It can be further stated
that the average VSWR is
less than 1.3 without mak-
ing any attempt to op-
timize this figure."*

“Certification test report by EMCO, ap-
proved testing facilities for compliance
testing as required by the F.C.C.

ANTENNAS

MCM Mfg. COMPANY
) Freeway Fort Worth, T

6200

B817/293-753: 4 Toll Free
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active filter useful
to 10 kHz

How You
Can Convert
Your Rohn

25G Tower to a
FOLD-OVER

ean

A new series of IC active filters
designed for use at frequencies up to
10 kHz has been developed by Nation-
al Semiconductor Corporation. Called
the AFT100 series, the new integrated

control systems where specific filter
functions are required.
The AF100 series filters are basic

BHA"GE' ADJUST OR JUST \ circuits are intended for use in low
PLAIN WORK ON YOUR ' frequency analog systems, including
ANTENNA AND NEVER LEAVE ﬁ medical, geophysical, sonar, audio,
THE GROUND. ¢ tone signaling, modem, and feedback
!
\

If you have a Rohn 25G
Tower, you can convert it to
a Fold-over by simply using
a conversion kit. Or, buy an
inexpensive standard Rohn
25G tower now and convert
to a Fold-over later.

Rohn Fold-overs allow you to
work completely on the
ground when installing or
servicing antennas or rotors.
This eliminates the fear of
climbing and working at
heights. Use the tower that
reduces the need to climb.
When you need to “get at”
your antenna . . . just turn
the handle and there it is.
Rohn Fold-overs offer un-
beatable utility.

Yes! You can convert to a
Fold-over. Check with your
distributor for a kit now and
keep your feet on the ground.

AT ROHN YOU GET THE BEST

Unarco-Roh

15, Ing

wis 61601

Dwision of Unarca Indu
P O Box 2000 Peona
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building blocks that can be used to
construct any filter response such as
Butterworth, Bessel, Cauer, and
Tschebycheff. With the addition of
only four external resistors, the AF100
can be programmed for second order
functions.

Lowpass, highpass, and bandpass
functions are available simultaneously
at separate outputs, and notch and all-
pass functions are available by com-
bining these outputs in an internal
summing amplifier. If higher order
systems are required, several AF100s
can be cascaded. In all configurations,
the Q, gain and center frequency
adjustments are independent, requiring
no iterative trimming. Other features
of the new active filter series include a
Q range of up to 500 and a frequency
accuracy of either *1% or *2.5%.
Operating power supply range is from
+5 volts to *+18 volts and supply cur-
rent is 4.5 mA maximum.

The new Active Filter series is avail-
able in either a 16-pin plastic dual in-
line package or a 12 pin TO-8 can for
operation over the commercial temper-
ature range of from -25°C to +85°C,
and in the TO-8 can for operation over
the military temperature range of from
-55°C to +125°C. In quantities of
100, the commercial plastic CIP active
filters with a frequency tolerance of
+2.5% (the AF100-1CJ) sells for $4.95
each.

For more information write

More Details? CHECK—OFF Page 118



National Semiconductor, 2900 Semi-
conductor Drive, Santa Clara, Cali-
fornia 95051; or telephone (408)
737-5000.

shure mikes

Shure Brothers offers two new
dynamic element communications
microphones that set new standards for
ruggedness, reliability, and transmission
quality in safety, tranportation, and
industrial communications applications.

The Model 524C Ranger 2 is a tran-
sistorized unit designed to match car-
bon microphone-type circuits and
significantly improve intelligibility and
performance. Its built-in transistorized
amplifier supplies sufficient output to
permit the use of up to 30m (100 ft)
of unshielded cable, while offering a
wide frequency response.

The Model 577 Sonobar combines a
noise-cancelling pickup pattern and a
“tailored’’ voice-range frequency res-
ponse to block out unwanted noise
and boost close-up voice signals, ideal
for all fixed-station and mobile applica-
tions where high ambient noise condi-
tions are a problem.

The new Shure Model 577 Sonobar
microphone is available in high or low
impedance models, and a transistorized
model for carbon microphone-type cir-
cuits. The new 577 series replaces the
now-discontinued Shure 488 series,
with the exception of the FAA-
approved 488T which is still available.

User net prices of these new micro-
phones are: Model 524C Ranger 2,
$66: the 577A (high impedance),
$76.75; the 577B (low impedance),
$76.75; and the transistorized 577C
replacement for carbon microphones,
$84.75.

For additional information write
Shure Brothers, Inc., 222 Hartrey
Avenue, Evanston, lllinois 6(204.

More Details? CHECK—OFF Page 118
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in soild siate

the first name

INTRODUCES THE
VERSATILE

HR-312

@ More Channels...at the flip of a switch

Unlock the unique mode switch and 12 channels
become 144

@ More Sensitivity, Less Interference.

.25 uV Sensitivity plus 75 db adjacent channel
selectivity and 70 db image rejection

@ More Power Out

35 watts nominal with a minimum of 30 watts
across the band

. for a lot less

$269°°

Amateur Net

oﬂ
C*ELECTRONICS INC. 7707 Records Street

© 1976 _,f:,ﬁ Indianapolis, Indiana 46226
THE FM LEADER >

2 METER ¢80 220 MH; Ot

GMETER @1 440 MH; Y,
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KLM, LARSEN, ARCOS, HL
CUSHCRAFT & TEMPO AMPLIFIERS

TYCOL COMMUNICATIONS features

products for ““Your' specialized HF /VHF /UHF amateur equipment needs

I(I.M !.NTENN&S KLM VHF/UHF
AMPLIFIERS
Complete line of
Class C & linears

to 160W output

LARSEN
Complete line
of mobile
VHF/UHF antennas

$119.95
MIZMIZZO MHz &
432 MHz beams for
all applications

ARCOS
432 MHz Transverters
432 MHz KW Amplifiers

CUSHCRAFT
Popurar Antennas
in stock

KLM ECHO 70 CM

The only 432 MHz SSB/CW synthesized transceiver
on the market. “Excellent for OSCAR 7/Mode B
$495 in stock

WRITE OR CALL FOR CATALOGS &

INFORMATION

KLM MULTI

The one 2M rig with everything fully synlhcsired plus
full VFO FM/SSB/CW/AM - 10W Power Out. *PLUS
- a self contained 29 SMHz receiver for Oscar 6/7A.
$795 — IN STOCK

TYCOL COMMUNICATIONS

301-831-7086

ALPHA POWER

ror THAT BIG SIGNAL

HAL

Complete line available

ROUTE 3 - MT. AIRY, MD. 21771
JACK COLSON, W3TMZ, OWNER

A W Sendm Machine

IAMBIC MEMORY KEYER WITH DOT
AND DASH MEMORIES STORES UP TO

e ——
\.....‘ ] ! EIGHT DIFFERENT MESSAGES IN 2048
. BITS OF MEMORY

D S
O) ‘ O) l aa i $150-00 Prepaid Shipping USA

H. ALAN HARP K4PB
718 MAGNOLIA DR.
LAKE PARK, FLA. 33403

ALPHA 77D
‘THE ULTIMATE'

® Runs cold and whis-
per-quiet in all modes
at maximum legal
power,
e Full
coverage.
® Built-in QSK system,
® Vacuum tuning capa-
citor & T/R relay.

® Remarkably compact
for its power capability.
® Finest in a long line
of superb linears.

® The STANDARD OF
EXCELLENCE around
the world,

$2995

10-160 meter

ALPHA 374
‘NO TUNE UP’

® Smallest & lightest
true locked-key kilo-
watt.

® 10-80 meter opera-
tion with no tune up at
all, thanks to factory
set bandpass filters.

® Auxiliary front panel
TUNE & LOAD con-
trols for optimizing
output with mis-
matched loads.

® Thoroughly proven in
three years’ contest,
DX, RTTY, SSTV, and
general use worldwide.
$1395

ALPHA 76
‘RUGGED VALUE’

® Rock-crusher,
locked-key kilowatt at
moderate cost.

® 2+ KW PEP SSB.

® 10 thru 160 meters.
® Smooth, quick tune-
up.

® 250 W. Novice op-
tion, on request,
® 45 pound
former!

$985

trans-

Blade Valley School Radio Session

18th Year — July 30 thru August 12, 1977

]l's more IIII] our \\"'.l_\',

Need someone to make you upgrade?
Let us do it before the QRM does!

Instruction

in lht‘m)' and four code practice

sessions l'l{"l' l]il}'. Have

i

“Vaca-

ALPHA/VOMAX

‘TOPS IN
TALK POWER’

tion with a l’nl'p()st'", Two weeks

Outstanding performance and ruggedness are built
into every ALPHA. Quality shows, in features such
as 1.BKVA (or larger!) plug-in transformers,
premium Eimac ceramic triodes, ducted-air
cooling, husky rf components, and the full-year
warranty shared by all ALPHA linear amplifiers.
Write or call ETO direct for detailed literature and
prompt delivery.

pr

84 february 1977

in the Blue Ridge Mountains of
North
levels and FCC exam available at

Carolina, Classes at all
® New split-band
speech processor s
actually more effective
than rf clippers!

® Extremely low distor-
tion.

® Easy to use with any
EHRHORN TECHNOLOGICAL rig.

close of Session.
| C. L. PETERS, K4DNJ, Director
i P. O, Box 458, Glade Valley, N. C. 28627
|
J Please send me the Booklet and Ap-
\ plication Blank for the 1977 Glade
\ Valley School Radio Session,
I
i
I
i
i
1
]
L)
i
]
i

OPERATIONS, INC. ® Money-back guar- — e
BROOKSVILLE, FLORIDA 33512  antee!
$179.50 (12 VDC); AC Address

(904) 796-1428
SU|JD|\-" $10. City/State/Zip _

More Details? CHECK—OFF Page 118



for fihe
experimenter!

INTERNATIONAL CRYSTALS & KITS
OSCILLATORS « RF MIXER  RF AMPLIFIER « POWER AMPLIFIER __

OX OSCILLATOR

Crystal controlled transistor type. 3
to 20 MHz, OX-Lo, Cat. No. 035100.
20 to 60 MHz, OX-Hi, Cat. No. 035101
Specify when ordering.

A single tuned circuit intended for
signal conversion in the 30 to 170
MHz range. Harmonics of the OX or
OF-1 oscillator are used for injection
in the 60 to 179 MHz range. 3 to 20
MHz, Lo Kit, Cat. No. 035105. 20 to
170 MHz, Hi Kit, Cat. No. 035106
Specify when ordering.

TRANSISTOR

RF POWER AMP

A single tuned output amplifier de-
signed to follow the OX or OF-1
oscillator. Outputs up to 200 mw, de-
pending on frequency and voltage.
Amplifier can be amplitude mod-
ulated. 3 to 30 MHz, Cat. No. 035104
Specify when ordering.

Resistor/capacitor circuit provides
osc over a range of freq with the
desired crystal. 2 to 22 MHz, OF-1 LO,
Cat. No. 035108. 18 to 60 MHz, OF-1
HI, Cat. No. 035109
Specify when ordering.

A small signal amplifier to drive the
MXX-1 Mixer. Single tuned input and
link output. 3 to 20 MHz, Lo Kit, Cat.
No. 035102. 20 to 170 MHz, Hi Kit,
Cat. No. 035103.

Specify when ordering.

$3.95 ea. $4.50 ea. $4.75 ea.
L /L %
B Wa N
SAX-1
TRANSISTOR DAX-1
OF-1 OSCILLATOR RF AMP BROADDAND AMP

General purpose amplifier which
may be used as a tuned or untuned
unit in RF and audio applications. 20
Hz to 150 MHz with 6 to 30 db gain.

Specify when ordering

Cat No. 035107
$4.75 eay

\

Shipping and postage (inside U.S., Canada and Mexico only)
will be prepaid by International. Prices quoted for US.,
Canada and Mexico orders only. Orders for shipment to other
countries will be quoted on request. Address orders to:
M/S Dept., P.O. Box 32497,
Oklahoma City, Oklahoma 73132.

<
$4.95 ea.

$3.25 ea. $4.50 ev
\ Rs,
/ N\
.02% Calibration Tolerance \
EXPERIMENTER CRYSTALS || )
(HC 6/U Holder)
Cat. No. Specifications
031080 3 to 20 MHz — for use in OX OSC Lo
Specify when ordering
031081 20 to 60 MHz — For use in OX OSC Hi
Specify when ordering
031300 3 to 20 MHz — For use in OF-1L OSC
Specify when ordering $4.25 ea.
031310 20 to 60 MHz — For use in OF-1H OSC
\ Specify when ordering. $4.25 ea /

More Details? CHECK—OFF Page 118

International Crystal Mfg. Co., Inc.

10 North Lee

Oklahoma City, Oklahoma 73102
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B. B. C

ELECTRONICS COMPANY, INC.
“ONE OF THE FINEST NAMES IN THE INDUSTRY”

SPECIALISTS IN

HIGH-POWER RF TRANSISTOR COMPONENTS,
CMOS INTEGRATED CIRCUITS & ASSOCIATED COMPONENTS.

WISHES TO ANNOUNCE

A COMPLETE LINE OF AMATEUR H.F. AND V.H.F. EQUIPMENT
INCLUDING THE BEST NAMES IN THE BUSINESS.
LIBERAL DISCOUNTS TO LICENSED AMATEURS, HAS BEEN, AND STILL IS, OUR POLICY

— TRADE INS ACCEPTED —

FOR YOUR AMATEUR NEEDS FROM $1 TO $2?

WRITE OR CALL
IE; L] IE‘ - ‘::: -

BLUE GRASS PLAZA e 2417 WELSH ROAD e PHILA., PA. 19114

BULK ORDERS ACCEPTED

PHONE: (215) 464-1880

"X 1

MFJ ANTENNA TUNER

dwl MF LAaBmng
'-

Imagine being able to operate all
bands — anywhere, with virtually any
transceiver — using a simple random
wire and an antenna tuner small
enough to carry in your hip pocket.
Size is only 2-3/16 x 3-1/4 x 4 inches.

Operate from your apartment with a
makeshift wall to wall antenna. Tune a
simple vertical for low angle, DX
operation. Operate from your motel
room with a wire dropped from a
window. Tune out the SWR on your
mobile whip. Enjoy ham radio on a
camping or backpack trip with a wire
thrown over a tree. Prepare for an
emergency. Take it on a DX expedition
or use it for Field Day.

Match both high and low impedances
by interchanging input and output.
S0-239 coaxial connectors are used.

The secret of this tiny, powerful
\tuner is a 12 position variable inductor

This MFJ Antenna Tuner...

lets you operate all bands — 160 thru 10 Meters —
with a simple random wire. Use virtually any
transceiver — up to 200 watts RF power OUTPUT.

39

made from two stacked toroid cores,
and a quality capacitor manufactured
especially for MFJ.

Try It no obligation. |f not
delighted, return it within 30 days for a
refund (less shipping). This tuner is
unconditionally guaranteed for one
year.

To order, simply call us toll free
800-647-8660 and charge it on your
BankAmericard or Master Charge or
mail us a check or money order for
$39.95 plus $2.00 for shipping and
handling.

Don’t wait any longer to operate on
all bands. Order today.

MFJ ENTERPRISES

P. O. Box 494
Mississippi State, MS 39762

Call Toll Free 800-647-8660

BIDS SUPPLIED

conditionally guaranteed. Money back if

charges

BECKMAN 7570A Counter Freq conv
10-1000mHz

BOONTON 202E AM-FM sig gen
54:216mHz
DE| TDU-230mHz video display ..
GR546C Audio microvolter
HPI00ER Fregqstand .05 parts/mil
Outputs 10,100Hz 1,100, 1000MHz . . . ..
HP160B (USM105) 15MHz scope with
reg horiz, dual trace vert plugs
HP166B (Mil) Delay sweep for above ..
HP170A(USM140) 30MHz scope with
reg horiz, dual trace vert plugs .. ..
HP185A Sampling scope 1 gHz 186B
xstr rise time plu

HP205AG Lab Audio Gen .02-20kHz, ...

HP430CR Microwave Pwr Mtr
HP540B Transfer Osc to 12.4gHz for
use with HP524 type counters ..... ..
HP571B-561B Digital clock/rcdr
HP&146 Siggen 1.8-d4gHz FM-CW ... ..
HP&BS Sweep Gen B.2-12.4gH1 Sweep
range 4.4mHz-4.4gHz . a
HPB03A VHF Ant bridge 50-500mHz . ..
SINGER 55B4 Sideband spec anal
0-40mHz, res. to 10Hz 5
TEK 181 Time- markscopecahb .
TEK 190 Sig gen(const ampl) mmHz B
TEKS536 11MHz X-Y scope, accepls
two letter-series plug-ins
TEK 565 Dual beam 10mHz scope
less plug-ins
TS5 505S5td VTVM (rf to 500mHz)
For complete list of all test equipment
send stamped, self-addressed envelope

P.O.Box 941,

Specializing in used test equipment

86 february 1977

BOONTON 190A Q-mtr 30-200mHz . ...

HP202B LF Osc .5Hz-50kHz 10v. out .. ..
HP212A Pulse Gen .06-5kHZPRR ... . ...

GRAY Electronics

Monroe, Mich. 48161

TEST EQUIPMENT

All equipmen! listed is operational and un

not

satisfied—equipmen! being returned must be
shipped prepaid. Include check or money order
with order. Prices include UPS or motor freight

More Details? CHECK—OFF Page 118




ifthe 4-BTV"
weighs 39 more...

whatdoothers
leqve out s

@usTaE® FIXED STATION FOUR BAND VERTICAL

The 4-BTV is longer for greater aperature, larger in diameter for strength and
bandwidth, heavier traps for precision and safety factor. Individually, each
subassembly weighs more to collectively give you an antenna designed for
convenience of assembly and installatior., a wide margin in mechanical stability
and far superior electrical performance.

e Lowest SWR—PLUS! without damage to the aluminum tubing.
¢ Bandwidth at its broadest! SWR 1.6to 1 or e Guaranteed to be easiest assembly of any
better at band edges. multi-band vertical.

= Hustler exclusive trap covers “Spritz" extruded e Antenna has %"-24 stud at top to accept RM-75 T
to otherwise unattainable close tolerances or RM-75-S Hustler resonator for 75 meter 7
assuring accurate and permanent trap operation when desired.

resonance.
) * Top loading on 75 meters for

* Solid one inch fiberglass trap forms for broader bandwidth and higher radiation

optimum electrical and mechanical stability. efficiency!

® Extra heavy duty aluminum mounting bracket ¢ Feed with any length 50 ohm coax.

with low loss—high strength insulators.
» Power capability—full legal limit on SSB and
¢ All sections 1%" heavy wall, high strength CW.

aluminum. Length 21'5".
* Ground mount with or without radials; roof

« Stainless steel clamps permitting adjustment mount with radials.

onesetting for"total band covérage!

40 THROUGH 10 METERS

HUSTLER ANTENNA PROD-
UCTS—for sixteen years—original
designs—created and manufactured
by American ingenuity, labor and

oo MODEL
Hustler designs are patented under 4'BTV
one or more of the following i . - 15 POUNDS
e s s says: sasases, Available from all distributors
Sy Sy aBgAle, who recognize the best!
35 =
15800 commerce park drive,

NEeWw-tronics CorporQtion bookpar onossu:

Exporter: Roburn Agencies, Inc., New York, N. Y.



* Unbelievable size — 23 x 61, x 71,
» Aircraft type freq. selector

* True FM — not phase modulation

* Re-programmable priority chan.

e Dual ‘'S’ and power out meter

TREVOR INDUSTRIES, INC.

Q.o. BOX 102 . GETZVILLE, N.Y. 14068

[ NOW AVAILABLE IN THE NORTHEAST

FM144-10SXR-Ii

ALL SOLID STATE-PLL DIGITAL SYNTHESIZED — NO CRYSTALS TO BUY
5KHz STEPS — 144-148 MHz-LED DIGITAL READOUT — 1000 CHANNELS.

FOR A LIMITED TIME — GET A 12v. 6a. P.S. FOR ONLY $29.00 WITH FM144 PURCHASE.
Write for special price on two or more units — get a friend and save money.
We'll pay shipping on all orders that include bank draft or money order.

$38900

N.Y.S5. Res. Add 7% Tax
Price subject o change withoul notice

¢ 15/1 watt adjustable power out

e Better than .25uv sensitivity

* 600KHz offset-plus or minus

* PLL DC output fed to varactors
* Independently regulated supplies

716-625-8200
9AM — 4PM E.S.T/

This is easy-
anyone can solder- /

WITH

KESTER SOLDER

When you Solder go "First Class" — use Kester Solder.

Kester for a FREE Copy of “'Soldering Simplified".

KESTER SOLDER

Handymen! HObinstS! Include $3.00 U.S. postage, or $4.00
DO-IT-YOURSELFERS! fornia Residents include 6% sales tax.

Let Kester Solder aid you in your home repairs or hobbies. For that household
item that needs repairing — a radio, TV, model train, jewelry, appliances, minor )
electrical repairs, plumbing, etc. — Save money — repair it yourself. Soldering fluorescent lamps suitable for all en-
with Kester is a simple, inexpensive way to permanently join two metals. gineers, architects, students, etc,

For valuable soldering information send sell-addressed stamped envelope to

viﬂon 4201 WRIGHTWOOD AVENUE/CHICAGO, ILLINOIS 60639 J

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 assembly, etc. Lens is pre-
cision ground and polished.
Regularly $78.00. Now, over
30% discount (only $54.00)
to all’licensed Hams, verified
in Callbook. Uses T-9 bulb
(not supplied).

J in Canada. $5.00 elsewhere. Cali-

Or send stamped envelope for free
brochure of other incandescent or

Mastercharge and BankAmericard accepted

D-D ENTERPRISES
Dept. A, P. O. Box 7776
San Francisco, CA 94119

88 february 1977

More Details? CHECK—OFF Page 118



6 Digit LED Clock Kit - 12/24 hr. . CABINETS

3995 8;YM2)2RE $10%5 g):: s11 QTY Great for Clocks
. 6- ea. 1- orany LED Digital

DR h project. Clear-Red

KITINCLUDES ?he m?%d&gtcslf E’»fg &93:? con;,cm o | CABINET | Chassis serves as
#INSTRUCTIONS Brenssos | apge 4" DIGITS!| ... \ " Bezel to increase
»QUALITY COMPONENTS  §Eiials, ORDER KIT #850-4 3"H6%"W5%"D  contrastof digital
*500r 60 Hz 3 Resistors AN INCREDIBLE VALUE! displays.
e120r24 HR OPERATION 24-Molex pins for IC socket CAB|N ET “ Black' White or

“Kit #850-4 will furnish a complete set of clock components as listed. | 2”"“ 5"w 4"0

The only additional items required are a 7-12 VAC transformer, a circuit ' ’ Clear Cover

board and a cabinet, if desired.” $
Printed Circuit Board for kit # 850-4 (etched & drilled fiberglass) s205| ANYSIZE/COLOR  $6.50 ea. 2/ 12'

Mini-Brite Red LED’s {for colon in clock display) pkg. of 5 1.00
Molded Plug Transformer 115/10 VAC {with cord) 250 | RED OR GREY PLEXIGLAS FOR DIGITAL BEZELS

NOTE: Entire Clock may be assembled on one PC Board or Board may be cut to remote display. L " /
Kit #850-4 will fit Plexiglas Cabinet I, 3"x6"x1/8 95¢ ca. 4 '3

MOBILE LED CLOCK 6 Digit-LED Clock-Calendar-Alarm Kit

120R 24-HOUR OPERATION This is a complete, top of the line, Kit tor the person that wants the
12 VOLT AC or DC POWERED FOR FIXED | best. Some of the many features and options are: 12/24 time,
OR MOBILE OPERATION. 28-30-31 day calendar, alternates time (8 sec) and date (2 sec) or can

4" D G | display time only and date on demand, 24 hr alarm - 10 minute
SIX LARGE I |TS. snooze, alarm set indicator, 50/60 HZ. line operation or use with Xtal

KIT OR MODEL | timebase (#TB-1), builtin OSC for battery back-up / AC failure, Aux.

timer, CHOICE OF DIGITS.
ASSEMBLED \ 2001 Kit #7001B 6 - .4” Digits $39.95
Emgs ‘\ Kit #7001C 4 - .6” Digits & 2-.” [Seconds] $42.95

Kit #7001X 6 - .6” Digits $45.95

ACCURATE TIME of Kits are complete (less cabinet) mcludung PC boards, power supply,

AL e BASE N IC socket, 9 switches, 16 transistors and all parts required for above
Approx. Size: BATTERY BACK-UP features and options [All #7001 Kits Will Fit Cabinet | Above]

1% "H X8 "W xX4% "D OF RANSFORTING - 60 HZ PRINTED CIRCUIT BOARDS for CT.7001 Kits sold

FROM HOUSE TO CAR. ETC. . . M
¢ §JUMBO 4" RED LED'S BEHIND RED FILTER LENS WITH CHROME RIM. separately with assembly info. PC Boards are drilled

« SET TIME FROM FRONT VIA HIDDEN SWITCHES o 12/24-Hr. TIME FORMAT XTAL TIME BASEKIT] Fiberglass, solder plated and screened with component
o STYLISH CHARCOAL GRAY CASE OF MOLDED HIGH TEMP. PLASTIC wil ble Digital Clock layout. Specify for # 7001B or #7001C (Set of 2) $7.95
» BRIDGE POWER INPUT CIRCUITRY — TWO WIRE NO POLARITY HOOK-UP ill enable Digital Clock or
« OPTIONAL CONNECTION TO BLANK DISPLAY {Use When Key Off In Car, Etc.} Clock-Cal. Kits to operate JUMBO DIGIT CLOCK KIT
o TOP QUALITY PC BOARDS & COMPONENTS - EXCELLENT INSTRUCTIONS from 12VDC. Uses MM5369| A complete Kit (less Cabinet) featuring: six .5" digits
o MOUNTING BRACKET INCLUDED g i ',
KIT #2001 and 3.58MHZ. XTAL. Req.| MMS5314IC, 12/24 Hr. time, 50/60 H2., Plug-Transformer,
cowriere k1 PGES  20n §9Fe8 rouer bocs $2%0 5-15VDC/25MA. 1“x2” PC| |ine Cord, Switches, and all Parts.
{Less SV. Battery)

MORE #Ac1 Board. Easy 3 wire hookup (Ideai Fitin Cabinet Il] .192' z /038.

ASSEMBLED UNITS _WIRED & TESTED 3 0R § Assembied U Accuracy: +- 2 PPM i e ereeereeerecarenrnnraanannnn
ORDER #2001 WT (LESS 9V. BATTERY) ’m o nity Kit #5314-5.000runinirrierecaneaencenns

WIRED FOR 12 HR. OP (F NOT SPECIFIED OTHERWISE MoRe EA M.y o M#‘:w c “TBl-“' [ak?tjusi'agbsle] JUMBO D'GlT CONVERS|0N KlT
ﬁJUMBO RED LED's 12/$1,00 50/*3.95 wolzg:‘coﬂ 39:95 :: Convert small digit LED clock to large .5" displays.Kit

includes 6-.5" LED’s, Multiplex PC Board & easy hook-up info.

KY EXAR Kit #JD-1CC For common Cathode
iy nlmo . PRESCALE XR 2568 (B8] o? A.MPs Kit#JD-1CA Forcommon Anode ‘9..'. 2/‘19_

= r 11C800C #1596 XR 2567 +188 - —
% D DRIVENS | =% 9.9 TRANSISTORS Fairchild Super Digit SEE THE WORKS Clock Kit

DIODES IN22Z22A  TO-18 5/81.00 mn-sss Clear Plexiglas Stand

IN 4002 1A,100PIV  12/61.00 2N315 - 4 - ; - W | eBio 4" digits
NS 1A 80PV 11/41.00 2N3704 - ! *6Big .4 "digh!
1N 4007 A, 1000PIV 10/61.00 ¢ . 3 .| e120r24 hr. time
RECTIFIER z.SA 1000PIV  4/61.00 t | replacement for | #3 Set switches (back)

VOLTAGE IN914  SIL SIGNAL 20/$1.00 5009 ' Y popular FND-70.| sPlug transformer
REGULATORS E‘y‘,{? smz.wsnsNAL zo/ung - K DISCRETE 95{ 0, 10/33.50 eall parts included

‘ ' SWITCHES LED’s 100/$79.00 Plexiglas is

PLUG TRANSFORMERS ROCKERSPOT  6/41. | JUMBORED | —— ="' . Pre-cut&drilled
12VAC a1 160MA + 250 MINI-SLIDE SPDT 5/81. 126100 SETOF6 FND-359 | Size: 6"H,4%2"W,3"D
wuacwowa 3% | mecsloromr el | BB |WTAMOLTIPEC | o o

LINEAR MINITOGGLESPDT  #1.30 | 14790 PC BOARD $6.95 CLOCK!

MINITOGGLE OPOT 150 pC TRIM 25 AMP BRIDGE z /045

TRANSISTOR SOCKET )
T0.5/18 GOLD PINS POTS @31.95 ea. | Kitusso-4cp
5/41.00 26K 8/41.00 3/$5.00
47K 6/81.00 100 PIV ﬂ 7'$£G LED

G TIEWRAP 1004178 | 10K10TURN  |TE| EPHONE FORMAT COMMON CATHODE
e KEYBOARD COLOR HT.DEC.PT.PREA.
MOLEX PINS 4/%3.00 3 .
BY Chomerics FND-359 RED 4" RHDP $ 95
REELOF 1000 ¢ 8.50 FND-503 RED 5" RHDP $136
2 r STAIPOF100 1.5 DL750  REB & 2,95
© MISC. PRIME IC's «| XAN-854 GREEN 6"

MEMORY -
FAIRCHILD 9318 (74181) ick | XAN-664 RED 6

75234 DUAL CORE SENSEAMP  1.60

3579645 Mz # 1.6 | 21107 IKRAM ’ MM 502H TO-5 SHIFT REG 96 COMMON ANODE

. DL-747 RED 6" LHDP
BUY 100 OR MORE IC's [Any Mix] TAKE 10% DISCOUNT. XAN-72 RED .3’ LHDP
XAN-81 YELLOW .3" RHDP
e T T T XAN-351 GREEN  .3" RHDP

XAN-361 RED .3 RHDP

conngers wetcoms ke SR i
L AR LRI Il XAN-662 RED .6 NDP

HAnnAn[mrAnn Handling XAN-692 RED .6” NDP

BOX 219 ¢ HOLLYWOOD, FLA. 33022 « (305) 921 2056 £io Res Please Add 4 Form Inexpancive  MOLEX

100 for$1.25
WE PAY ALL SHIPPING IN CONTINENTAL USA - OTHERS ADDS5% [10% FOR AIRMAIL) Reel of 1000 - $8.50

,—
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CLEAN SIGNAL —
— ALL CHANNELS —

YOUR BEST BUY IN KITS

ANALOG-DIGI-LAB FREQUENCY

Features 3 Regulated COUNTER

sz:’:\:af:‘;:::z :; :.;f 7 Digit 0-300 MHz Freq. Counter ... $99.00
x 7 Digit 0-500 MHz Freq. Counter .......$139.00

tal level switches. 2 no
bounce pulser switches.
8 LEDs with drivers. 1 AP Super strip.

8 Digit 0-30 MHz Counter with options $109.00
0-300 MHz Prescaler for 8 Digit Counter $19.95

Easily constructed. Designed by RETS 0-300 MHz Prescaler with Preamp .. $29.95
Electronic Schools, 0-600 MHz Prescaler for 8 Digit Counter $39.95
Now Oﬂl! 3139.00 Cabinat ry p L ge ilable for all of
Clock Kit (complete less case) ... $12.95 the abova ... e $24.95
Clock Cabinet $6.50 Anyone of the above kits auillhlc pre-assem-

ONLY RP GIVES
PLUS
® SUPER ACCURACY (.0005%)
® FULL 2M FM COVERAGE

or $4.50 with purchase of clock ltit.. bled for an additional $50.00. Allow 3-4 weeks
Function Generator Kit $10.95 on assembled units.

Please add $1.00 Shlpplng/Hlndllng on any order undar $15.00

Send SASE for flyer. Featuring Electronic P nd kits availabl

HAL-TRONIX

P. 0. Box 1101

® Southgate, Mich. 48195 e (313) 285-1782

the

BRIMSTONE 144

7N

2 METER FM TRANSCEIVER

TRAMSMIT

Size 9% x 10%H"

x3%N"

144.148 MHz
T FINE

AL GRA

MFA-22 SYNTHESIZER

NOW SAVE 20%

MFA-22 $260.00
with 5kHz Steps $300.00
Shipping (UPS) $3.00

Fully wired, tested, 1 yr. warranty

Factory direct
only

ﬁ: Electronics

BOX 1201H

(‘HM‘.“F’ML-N ILL

Radio
* TWO YEAR WARRANTY| Amateurs
143 10 149.99 MHZ in digitally disled 5 KHZ steps ~ * Very low transmitter spurious output Reference
without buying a single crystall 142 MMHZ * Beryllium copper printed circuit card guides provide Libmw
coverage optional, SOLID of plug n dules, as well as
25 Watts RF output llent ground 1 to the m F of Maps
25 uV. 12 Db. SINAD sensitivity All of this plus optional plug in modules for Tone Burst, and Atlas
Completely independent transmit/Receive  fre- Dial Tone, Sub-Audible Tone, and a Touch Tone®
quency control, yet simplex with the flip of a interface module WORLD PREFIX MAP — Full color, 40" = 28",
single switch. shows prefixes on each country DX zones,
Send for our six page COLOR brochure which gives
includes dynamic mi time zones, cities, cross referenced tables
crophone and mobile AMATEUR NET you the full story, inside and out} $1.25
mounting bracket $650.00 Touch Tone®™ — trademark af the Western Electric Co.
RADIO AMATEURS GREAT CIRCLE CHART OF
NEW PRO DUCTSI 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.5. cities;
Boston, Washington, D.C., Miami, Seattle, San

Francisco & Los Angeles -

RADIO AMATEURS MAP OF NORTH AMERICA!

Full colar, 30" x 25* includes Central Amer-
5 ica and the Caribbean to the equator. showing
gflt’;:\:cﬁcmulr?::;ﬁ:dﬁ::gﬂi?{l\:TRUL o S S CALRA KIT call areas, rone boundaries, prefixes and time
: rones, FCC 1 sncy chart, 5 f

3 digit repeater ON-OFF control Why pay $75.00 to §100.00 or more for a 250 MHZ ENS: TR ORI, Shnr IR LI [T e,
AGC with 30 Db dynamic range on all inputs and prescaler when you can get one that goes all the r.-rm ul _"'"' VAR v S 21ee 8 s'i 295

outputs! Just connect repeater Rewr, TX, Ider, waty 10 650 MHZ for just Countries B
Touch-Tona fine-and powor Size 1" x 1%, 12V or BVDC $47.50 WORLD ATLAS — Only atlas compiled for radio
Size B x 4" #199.96 Assembied 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
. ! ’ By x 12% $2.50

AEPEATER AND RTTY CW IDENTIFIER

254 bit capacity allows you 1o send your call plus TOUCH-TONE KEY BOARD Complete reference library of maps — set of 4
Positive snap-action push-button switches| as listed above 3.75

other desirable information
Easily programed

Size 6 x 4%, $62.50 Assembled

TEC-KAN, Inc.

2616 ARNOLD AVE
BUILDING NO. 317
SALINA, KANSAS 67401
Tel. 9138232235

90 february 1977

No need to worry about long finger nails.

No more mis-dialing because of intermittent switch
contacts

Standard touch-tone format

Size 2" 52" 2 ¥y $8.00

More

See your favorite dealer or order direct.
Mail orders please include $1.25 per order
for shipping and handling.

o= nmm aMMEuH I I l:l . |( -
FREE

Dept, E 925 Sherwood Drive
Lake Bluff, |1l. 60044

BROCHURE!

Details? CHECK—OFF Page 118



HERE'S A HOT NUMBER

800-325-3636

(Toll Free)

CALL
HAM RADIO CENTER

ST. LOUIS

FOR NEW AND USED AMATEUR RADIO EQUIPMENT
MASTER-CHARGE BANKAMERICARD

TRADE ON NEW OR USED
Hours 9 AM. - 5 P.M. (Central) Closed Sun. & Mon.

THE HAM-KEY

NOW 5 MODELS

NEW
MODEL HK-5
ELECTRONIC KEYER
$69.95

* |lambic circuit for squeeze keying.

* Self completing dots & dashes

* Dot memory.

« Battery operated with provision for
external power.

* Built-in side-tone monitor.

* Speed, Volume, tone & weight controls.

* Grid-block or direct keying.

* Use with external paddle such as HK-1.

-

MODEL HK-1
$29.95

MODEL HK-3
$16.95

* Dual lever squeeze paddle. * Deluxe straight key.
* Use with HK-5 or any electronic keyer. *» Heavy base, no need to attach to desk.
* Heavy base with non-slip rubber feet. * Velvet smooth action.

» Paddles reversible for wide or close finger spacing.

MODEL HK-4
$44.95

MODEL HK-2
$19.95

* Combination HK-1 & HK-3 on
same base,

* Same as HK:-1, less base for those
who wish to incorporate in their own Keyer.

Available from your local dealer or order direct.

HAM RADIO CENTER, INC.

8340-42 OLIVE BLVD. ® P. 0. BOX 28271 e ST. LOUIS, MO. 63132

| e ]
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CALL TOLL FREE 800-521-4414
SAVE $80,000.00 IN CRYSTALS

LISTEN TO 16,000 DIFFERENT FREQUENCIES WITH NO CRYSTALS
FREE NO OBLIGATION 7 DAY TRIAL

_ | |

BEARCAT 10K rewnELEc =t
16 channels MCP 1 WHAMO-10 OPTISCAN
30-50 MHz 16 channels 10 channels 10 channels
146-174 MHz 31.18 — 51.655 MHz 30-50 MHz 30-50 MHz
416-512 MHz 151.18 — 171.655 MHz 146174 MHz 150-170 or 140-160 MHz
CE's Price — $296.95 451.18 — 471.665 MHz 440-512 MHz 450-470 MHz
CE’s Price — $339.95 CE's Price — $278.95 490-510 MHz

CE's Price — $296.95
Toll free U.S.A. 24 hour order & information line 800-521-4414. Outside U.S. A, & Michigan

master charge 24 hour phone 313-994-4441. Certified check or charge card on mail orders for immediate

THE INTERBANK CARD shipment. Dealer inquiries invited. Michigan residents add tax. Foreign orders invited. Call L
toll free or write for your free complete catalog & specifications. Satisfaction guaranteed or
your money back. For engineering advice, call after 6:00 PM. E.S.T.
™ CALL TOLL FREE
E COMMUNICATIONS ELECTRONICS 800-521-4414
P.0. BOX 1002 DEPT. 3 LI
ANN ARBOR, MICHIGAN 48106 Gtk ||

K-ENTERPRISES

-~

O ol

R 6.5 2 004

W0 WE Ol

’Euuuunu PRLQUENCT COUNTIE MODEL 416

6 digit AUTOMOTIVE CLOCK KIT complete
with a CRYSTAL TIMEBASE accurate to .01
percent. 12 volts d.c. operation — built in noise
suppression and voltage spike protection. Read-
outs blank when ignition is off — draws 26 mA in
standby mode. Has .3 in. readouts. Use it in your
car or for all applications where a battery-operated
clock is needed. Approximate size 3" x 3.5" x M[IIJEI. 4!60

hfa- 50 HZ—250 MHZ

Box 3357

WITH BLACK PLASTIC CASE $34.95 ppd.
WITHOUT CASE $29.95 ppd.
ASSEMBLED AND TESTED $45.95 ppd.

CMOS CRYSTAL TIMEBASE KITS with .01
percent accuracy. 515 v.d.c. operation. Draws
only 3 mA at 12 volts. Single I1.C. — very small
size — the P.C. board is 7/8" x 1-5/8". Choose a
main output of 50 or 100 Hz,, 60 Hz., 500 or
1000 Hz., or 1 Hz, Several related frequencies are
also available on each board, in addition to the
main ones listed above. Be sure to specify the
Frequency you want. All kits are $10.95 ppd,

Flyer available —

WNIEXUS

TRADING CO.
94578

San Leandro, Ca

92 february 1977

300 and 500 MHZ PRESCALERS
FREQUENCY STANDARDS
MARKER and PEAKING GENERATORS
POWER SUPPLIES AMPLIFIERS

WRITE FOR FREE CATALOG

'f,‘rwr
BANKAMERICARD.

woeloome fer

Phone: master charge

THE INTERBANK CARD

918-676-3752

K-ENTERPRISES
Box 410 (N.W. of town) FAIRLAND, OK 74343

More Details? CHECK—OFF Page 118
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IN 2-METER &

“220” MOBILE,

MIDLAND MAKES IT

Midland makes four tough, top-performing mobile
transceivers for serious amateurs. Reading from the
top: There's Midland's newest—Model 13-510—with
P.L.L. synthesizer, simplex and offsets to give it
4,000 frequency capability between 144 and 148 MHz.
Combined with just about the most sensitive, selec-
tive dual conversion receiver you'll find, and a
transmitter that puts out an honest 25 watts, you
could hardly ask for more.

In the second row, there's Midland's deluxe, 30-watt
2-meter mobile—Model 13-505— featuring selective
or simultaneous control for 12 crystal-controlled
channels with “Channel A" priority switching, and
such Midland standards as automatic VSWR pro-
tection and connection for tone burst.

IDLAND

INTERNATIONAL
Communications Division

Dept. H, P.O. Box 1903, Kansas City, MO 64141

More Details? CHECK—OFF Page 118

The third row lines up Midland's basic 2-Meter
mobile—Model 13-500. This popular 12-channel,
15-watt transceiver has a complete multiple FET
front end couple with high-Q helicalized cavity
resonators. Despite its small size (2%a" h. x 63" w. X
87" d.), it's designed for exceptional service and
serviceability.

At the bottom is Model 13-509, Midland's ‘220"
mobile. With 12-channel capacity, crystal controlled,
it shares the compact size and receiver features of
the 13-500 above, while delivering 10 watts output
power (switchable to 1 watt when you want it).

All four are leading values from the leading name in
personal communications: Midland.

Want to know more about
Midland Amateur Radio?
Write for our free
brochure today.
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Performance... your choice for under $299°

Horizon “2” outclasses them alll 25 watt output 2 Meter FM transceiver  Because no two transceiver applications are exactly
for HAM, CAP, and MARS « Full 12 channel capability alike, Standard also makes the rugged 1?_6-A. An
= All solid state » Compact size: 6% x 2% x 9 inches = action Handheld for 2 meter FM, the

key included.

. Standard

Communications

Weighs less than 4 pounds e Dynamic microphone = 146-A, like the Horizon 2" is also avail-
Built-in speaker = External speaker jack for 3 watts of able for under *$299. Both of these
crisp audio » Unique quick release/locking bracket and rugged radios offer you exceptional

quality and outstanding performance at
a price that's right.

Standard Communications Corp. P.O. Box 92151 - Los Angeles - Ca - 90009

DON & BOD'S

SUPER BUYS

CHECK THESE SUPER BUYS
CALL US FOR QUOTE &
ITEMS NOT LISTED

$100/100 FT SALE Hy Gain 1BAVT/WB -+ 100 ft RGBU $100
CDE Big Talk + 100 ft rotor cable $100 KLM KR400 Rotor
- 100 ft rotor cable $100

WIRE, ETC. Premax heavy.duty 4 ft ground rod 4 clamp $4.00
Consolidated antenna wire: 14 stranded $5.00/100 ft. 12
stranded $8.00/100 ft, #22 GA phosbronze longwire antenna
wire $2.50/1000 ft.

SEALED CARTONS Raytheon 811A $16.00/pair 572B/TI60L
$21.95.

CALL US TS520, TS700A, TR7400A, ETO. All in sealed cartons.
EXTRAS 5 ea, 4" shaft knobs for panel. Very nice $1.00/5.
Rubber feet 30¢/5. Buss AGC3 fuse 5¢. CDE .001/10KV door-
knob cap $1.95. Mallory 2.5A/1000PIV epoxy diode 19¢ ea.
COAX Belden coax: RG8BU 8237 19¢ ft. 8214 RGB foam 23¢ ft.
9888 double shield 8214 foam (suitable for direct burying)
35¢ H. 8214 white jacket 29¢ ft. 8210 72 ohm kw twinlead
$19.00/C. Amphenol PL259 59¢ UG175 19¢.

CDE Ham-2 $129.00. CD44 $104.00. AR-22XL $50.00. Belden
8 wire rotor cable 14¢ ft

CABLE 5/32", 6-strand, soft-drawn guy cable. For mast or
light tower, 3¢ foot.

CALL FOR QUOTE on Tempo 2020, TS820, Multi 2700A.

HY GAIN Penetrator Model 500, 10m ground plane, $40.00.
All prices FOB Houston, Quotes Good 30 Days. All Items
Guaranteed. Some items subject to prior sale.

Send letterhead for Amateur dealers price list.

CALL US FOR QUOTES

MADISON
ELECTRONICS SUPPLY, INC.

1508 McKinney Houston, Texas 77002
713/658-0268 Nites 713/497-5683

94 february 1977

SPECIAL INTRODUCTORY OFFER

cessseses. aft aprice YOU can afford!

SCOTT

BOMNUNIGATIONS oz,e
SYSTEMS )

TOUCH TONE ENCODER (Shown) Complete  $52.95

RF ACTUATED CW MONITOR -
for the best in CW operating : $24.95
CRYSTAL CALIBRATOR - 100, 50, 25 kHz $19.95
range extended to 10, 5, 1 kHz $24.95
RTTY OPERATORS

Digital Date-Time-Message Generator, UARTS.
Quick Brown Fox Generator, many others.

MICROPROCESSOR BUFFS

CPU, Backplane, I/0 Memory, Timing,
many others — boards, kits and assemblies.

VHF-FM TRANSCEIVER

TT Pad Programmable, PROM selected Channels.
Hi/Lo Power, PLL-5 kHz resolution.

Above available early '77, write for details.
Send 13¢ Stamp for latest catalog.

SCOTT COMMUNICATIONS SYSTEMS

Box 2117, Dept. H, Stamford, Ct. 06906 or
Call (203) 357-1667

More Details? CHECK—OFF Page 118



MANY OTHERS AVAILABLE ON REQUES
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WIRE WRAP CENTER

— CORDLESS

Tic HOBBY-WRAP TOOL-BW-630

» Complele Specifications on back of each kit » Battery Operated (Saze C)

» Packaged for WALL DISPLAY APPEARANCE » Weighs ONLY 11 Dunces

. ; — Pri Available » Wraps 30 AWG Wire onto

Dealer's Inquires Invited ce List S Ot 025 inch)
— - o Complete with buill-in bi and sleeve
DWITS PHOTD ARRATS |hatteres ot cuded |
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™ by
007 HIGH DISPLAY ARRATS FTND0S1  Daringion Dt Coupher voo [ @ Foll of 507t White 30 AWG Wire %
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TS-1 MICROMINIATURE ENCODER—DECODE! -

O Available in all EIA standard tones 67.0Hz-203.5Hz
O Microminiature in size, 125x2.0x.65" high

O Hi-pass tone filter on board Lheds SR B
EIMetedbyG-Gvdc.mreguhted.atIBQma. s o
O Decode WMIDHNRMS.bﬂ'MhﬂHzmM 1537 AR __':!'_:'__h_

ALUMA test ftor resonant
resistance
S with an omega-t
antenna noise

MADE IN ALUMINUM

M % TELESCOPING

(CRANK UP)

% GUYED
% TILT OVER MODELS
QUALITY MADE

b ot
%GQQQQH\
g The Omega-1 Noise Bridge is an inexpensive and

H A M llexible testingdevice thal can effectively measure
antenna resonant frequency and impedance. This

Shortwave Listening

Our only business is supply-
ing everything needed to tune
outside the Amateur Radio
bands and identify what you
hear. Our mini-catalog de-
tails Barlow Wadley, Drake

and Yaesu receivers, WORLD unique piece of tes! equipment does the work of
00 more expensive devices by using an exisling
RADIO TV HANDB K' |0gs, COMMUNICATION receiver lor a bridge oeleclo‘: The% 15 no longer

a need lor power loss because ol impedance

antennas, calibrators, CON-
mismatch. Gel more details or order now!

FIDENTIAL FREQUENCY LIST,
receiving antenna tuners,

FM or TV station guides, AM
pattern maps, audio filters,
special ITU lists, QSL
albums and every book pub-
lished on “listening.”

GILFER ASSOCIATES, INC
P.0. Box 239, Park Ridge, NJ 07656

[IVVRYWTOMTTRIPY Y WNTIRIPTRY WATORTVOR MR
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10 MODELS MFG.

Model TE7-01for1-100 MHz Range $29.95
Model TE7-02 for 1-300 MHz Range $39.95

Towers to 100 feet. Spe-
cials designed & made. See
dealer or send for free
catalog.

S
R LECTROSPACE
N BYBTEMB, INC

320 TERRACE VILLAGE

RICHARDSON, TEXAS 75080
TELEPHONE (214) 231-9303

TZ S AN PN

W T TAY P M e N LS

ALUMA TOWER DIVISION

FRED FRANKE, INC.

BOX 2806HR
VERO BEACH. FLA. 32960
PHONE (305) 567-3415

Sold at Amateur Radio Dealers
or Direct from Electrospace Systems, Inc

ARV

More Details? CHECK—OFF Page 118



Advanced Communications Equipment from
the World’s Leader in Amateur Communications

Left to right — FRG-7, Solid State Synthesized Communications Receiver ® FR-101 Digital. Solid State Receiver » SP-101B,
Speaker ® FR-101, Digital Solid State Receiver ® FL-101, 100 W Transmitter » FL-2100B. 1200 W PEP Input Linear Amplifier

A AR
5 “\‘\\‘t:::es\ ARAARAAS

" . - - .
\ . |- o | D=

Left to right — FT-620B, 6 Meter Transceiver ® YP-150, Dummy Load Wattmeter e YO-100, Monitor Scope  FTV-250,
2 Meter Transverter ® FTV-650, 6 Meter Transverter « FV-101B, External VFO ¢ FT-101E 160-10 M Transceiver

Left to right — YC-601, Digital Frequency Display e YC-355D, Frequency Counter ® FP-301, AC Power Supply e FT-301S
Digital, All Solid State Transceiver ® FV-301, External VFO e FT-221, 144-148 All Solid State All Mode Transceiver

Over 150 licensed radio amateurs employed at Yaesu
proudly offer you the most diversified communications

product line available: SSB, CW, AM, RTTY, and FM
equipment - all designed for today’s active amateur.

QTR-24
World Clock

Dynamic Mike

YAES

& The radio.

YAESU
\/ Yaesu Electronics Corp., 15954 Downey Ave., Paramount, CA 90723 @ (213) 633-4007
Yaesu Electronics Corp., Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215 @ (513) 772-1500
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BARREL KIT 201
6V INDICATORS
w/leads

15 for $1.98

Test lamp manufacturer
dumps inventory! Worth
,69¢ ea. Like grain-o-wheat.
Cat, No. 2H3526

i

BARREL KIT 200

for & 3
$1.98wiih calcuiator &

v v, SNy
o o v b
ba Po p do
RS DO
S BARREL KIT £198 BARREL NiIT 7188
7 cARBoFILM 400 Parts
Y | RESISTORS 1.
er 51-98 Includes Yesistors, caps,
ard to find; but. we got | transformers, rectifiers, di-
millions, Lo Hi values, [ odes, etc, for .p.c. work.
Y, and Ys watt, 5%,|Preformed, dumped into
10% tol, All marked.

driver chips beneath epoxy.
Cat. No. 21 3818

100 % .2H3834
—

barrels by factories. 100 % .
Cat. No.  2H 3401

BARREL KIT f163
MINI TRIM POTS

30 for 1.:
$1.98

Asst. values 100 to 1 meg
Whay a buy. Single turn,
Vs W. Wi, 8 oz, 2H3348

BARREL KIT 161

3904's with e
2N3906’s of 100 % mate-
rial. TO-92. Preformed.
Cat. No.2H3343 1loes.

BARREL KIT #1660

»
LM809KC TO-3 V.R.’s bar
reled, Bot by the pound,
No, 21 3330

BARREL XIT #1359
MODULAR SWITCHES

25 fo
51-9& @2 1
Centralab

itches, TV

(A

Every p )
it carries
3far 4.00
@ money back OP AMP  pumsiy 300 183
“ Sev  3for 1.
=Sl SPECIALS [l i 4n
for $1.18 [ LM703H or 1.
DLM30IN B o "119 [jLmM70BH 5 for 1.19
19 QLMraon 2l s
1.19 [JLM72 N
“100%"” 11 Clim7aiv  4tor 1.19
3l o0 [ClLm7atH 2for 1.19
MATERIAL 3for 3.00 [1LM748V  Bfor 1.19
3o 1.19 [JLM1800N 3 for 2.50
TOO!!11 3 for 2.50 []LM3900N 3 for 1.18
3for 500 [1LMa250H 3 tor 2.50
3 for 4.00 Code H=TO5 ¢
Ztor 1.19 VeMini Dip, N

T T 7y Y™y
BARREL KIT #20

MINI BLOCK

CAPACITORS

REL KITS
" 100 for $1.98

BA © CHOOSE THE

AN

TH ree Unbelievable! Worth $50,
1 Xt High _ preeision _ submini
caps for all applications.

Wi, 3 ozs. Cat.

L 188 BARREL KIT #184
:EJPBSOAR” 1,-WATT METAL FILM
10 for $1.98 111’ 150 for
Trut! ly we can't tes
en:l, ﬁMy5740's. keyboard $1-98
encoder chips. How good

100% metal

film__resis-
tors. Long leads,

they are we don't know.
J 2H 3413

Cat. No. 2fi3414

“|cellation

KEYBOARDS

10 for $1.

It’s true! 20-key, 4 func
tion keyboards at ridicu-|
lous give-away. Wt. 12 oz,
. No. _2H3524
BARREL KIT 182
JUMBO RED LEDS

15 for $1.9

from

3v 10 mils, For|
rajects, red lens,
Cat. No, 2% 3369

BARREL KIT j158
MAGNIFIED MAN-3's

1
$1 98 “uan-s. -

seg xtinduu;.. with bpilt-on

BARREL KIT #1587
MOLEX CONNECTORS

75 for
sl -98 12 oza.

Nylon, white eable connec-

3 L X
cess. Dpdt. 6pdt, etc. Brand
new. Cat. No. 2H3150

BARREL KIT f145
MIN
TRANSFORMER

15 for $1.98

Miniature transformer back
again, Asst, outputs, inter-
stage and audio. Only 17
8q. Wt. 2 lbs, 2H 3294

CUBARREL KIT §144

RCA PHONO PLUGS

40 for $1.98

1,000,000 RCA phono plugs
for this one, You hi-fi-ers
know wut they are . . .
100% material. ZH 3293

BARREL KIT $143
75-PC TRANSISTORS

$1.98

100% material, TO-92,
factory discontinued lines,
pnp’'s mixed with npns,
2N4400-1-2-3-4. 2H 3290

A K 138
PANEL SWITCHES

for M
1.98 1Ny
Did you hear of OAK? An-
other eqpt maker barrelled
all types of rotaries. elec-
tric, slides, ete. 2H3248

BARREL KIT 128
MINI DIP ICS

75 for $1.98

Large migr dumped 100’s ot
Ibs into Dbarrels. Includes
741s, LM-380-8, 703, 587,
555, 558—but who knows?
W+ 1 1b. 2H 3248

BARREL KIT 127
AXFAL ELECTROS

40 for
$1.98

Asst,
voltages. Cat. No. 2H32:

capacities_and

27

BARREL KIT j128
UPRIGHT ELECTROS

40 for ﬁ

$1.9
1mf to 300mf in mixture
of voltages, 100 % marked
’ good. 2H3I220

BARREL KIT f119
PRECISION
RESISTORS

100 for $1.98
[PREFORMED! Designed for
printed circuit work. Ya,
1/, w. Marked values, 1 and
2% values,2 ozs,. 2H3205

BARREL KIT £109
TERMINAL STRIPS

100 for $1.98
Wide asst. of terminal strip
connectors,. from 1 contact
up. Strip manufacturers
barrel dump is your gain.
Wt. 1 1b.Cat.-No 2H 3136
BARREL KIT /88
LITRONICS LED
READOUTS

98

10 for $1
T47'%, T inglex,

T27

q

tr-

ples, ete. .33
from factorv. all mixed;
have fun!No. 2H2861

BARREL KIT 104
SLIDE VOLUME
CONTROLS

10 for
$1.98

Cat.No. 2H3057

BARREL KIT #101
RESISTOR SPECIAL

$1.98 -4
Includes: Y, Y1, Y2
watters, carbon,
100% good. 23084

.1, 2-
8 2.

BARREL XKIT j
PHOTO ELECTRIC

CELLS

10 for $1.98
Asst, GE types, CDS types,
Mixed by factory. Big job
for us to separate. 100 %
good, Cat.No. 2H3082 &

BARREL KIT 787
NATIONAL IC BONANZ!

100 for

$1.
Types K000, 7400 series,
DTLs, ROMs, registers, clock

& calc. chips, linears, etc.
Cat.Np. 2H2860Untested,

AHOBBY LED

BARREL KIT 86
S

for .«
$1.98 (oesied
747’8, 727's, singles, tri-

ples, etc. .38 to 0.6. Bot
from factory, all mixed;
have fun!2H2859

BARREL KIT 183

1S for $1.9
LM-340T

VOLT REG

Factory rejected them 1or
tength of leads, May include
£, 6,8,12,15,18.24 volir,
Power tab Cat. 2H 2638 |

BARREL KIT /73
TRANSISTOR
ELECTROS

50 for $1.98

We don't wish to separate
| wide asst voltages & values
up to 800 mf, Cat., 2H2747

BARREL KIT #71
CAPACITOR SPECIAL.

100 pcs.
$1.98

micas, moldeds, plastics,
ceramics, discs, etc, "Nifty
100 % good Cat.No 2H2738

BARREL KIT f&8

2 WATTERS
100 for ?
$1.98 Ay

Suppliers throw ‘em in the
barrel. It's a 1i'l gold mine.
All marked. Cat.No. 2H 2735

B8ARREL KIT /63
MIXED READOUTS

10 for $1.9
Factory returns
numbers as MAN-4's, MAN-
7's, MAN-3's, 11 barrels &
no time to separate.

Cat.No, 2H2733Untested.

. Factory discon-
tinued line. 100 % _mate-
rial, Cat. No, 2H3328 1 ox.

tors, asat. faetory over-run.
NO PICKEE! Mixed in bar-
rels, Cat. No. 2H3324

BARREL I(I'I'SM s

We gathered an assortment)
of clock.chip, alarm, calen-
dar, beepers, who knows,
all"mixed. ot No.. 2H 2308

| [BARREL KIT 782

BARREL KIT #134 [|
CALCULATOR CHiPS |C-moOS

15 for /N o\ 60 for $1

) Deliberately th
51-98 "I _rrehls. ‘so we cCan't test ‘em!
Nati type. C b e famous CD400Q series.
Nalnsl, B oS it fitow gaod? Whoodaut
tested. Cat. No. 2H3258 Cat. No.  2H3257

BARREL KIT f118

'BARREL KIT #133
Ic’s

AR
MOLEX

SOCKETS  good
for c..na

$1.98 zi3ies
Calculator maker dump! We
gut a ziliion of ‘em, Used
for 1C_sockets, etc

UNBELIEVABLE!

plastic SCRS in barrels ,
rite from factory, Includes
all voltages up thru 200
prv. 2H 3138

BARREL KIT #131
TANTALUM
ELECTROS

30 for $1.98
Mixed, marked prime,
grade assi. values,

ages. Cat, No. 213288

. y
B)all the tiny leds, axial. up-

right of Monsanto, Litronijx,
of colors. Yield|

variety d
or better. 2H3138j

50 %

BARREL KIT 93
HALF WATTERS

100 for $1.98 °

Cosmetic rejects, electri-
cally fine business! You
check ‘em, it's not for us,
Asst, voltages. 2H 3204

Resistor factory tried to
tfool us by mixing 100 %
color-coded resistors in|
barrel. But value is there,
4 oz. 2H3046 Untested

BARREL KIT f
3 AMP EPOX ‘ﬂ
RECTIFIERS &Ts

BARREL #91 [
SILVER MICAS

100 for $1.98

Axial, red case, variety o:
physical sizes & values.
Cat.No. 2H 3018

BARREL KIT #76
1-WATT ZENERS

100 for 51.9_8\

Factory same as 400-mw’s,
Nevelrbtu-see-again offer. 6,

ARREL KIT 81
SUBMINI RESISTORS

200 for
$1.9!

-
PC, uptight type, color cod.
ed, ‘g/l: lgwnu. Asst values.| B, 2, 15V. under
Cume to us in a barrel. glass, Double plug.

Cat.No 2H 32748 100 %good, Cat-No. 202741 Untested.

BARREL KIT 61

POLYSTYRENE CAP:
100 for
$1.98

Finest caps made, As a gam-
ble we bought 10 barrels
from factory, mixed values;
all good.Cat.No. 202729

2000
, linears of all kinds.

Cst. No. 2H2730

BARREL KIT #75
400MW ZENERS

Factory out of bizl Amazing|
offer: 6, 8, 10, 12 to 16V
You test. Hermetically senled
glass pak, Double plug,
at.No.2H 2740

BARREL KIT #s8
SLIDE SWITCHES

30 for $1.98'"
All shapes, sizes, spst, apdt,
momentaries, etc. Tremen-
dous shop pak for 100’s of]
switching projects.

|Cat.No. 212726100 % good

P

BARREL KIT js6
POWERS! POWERS!

$1.98

100 for

Large distributor cleaned
bouse. Barrels of power

at. No. 2H272.

BARREL KIT j35
NEON LAMPS

30 for

$1.98 100% good.
Famous NE-2's. All prime,

but factory made millions
and barrel’ed 'em, Your ad-

resistors 8 to T watts.
4

ARREL KIT £S4
DIGIT READOUTS
10 for (eﬁﬁtﬂ

$1.98 '~
Bargain of a lifetime! All

we got was 1 barrel — the
““blisdor digit” types. Multi-

plexed. Cat, No. 2H2722
METALLIC
RESISTORS

100 for $1.98

Made mostly by Corning,

the finesty resistor made.

Mostly 1/, watters. 1% to
ol. &

)

BARREL KIT {48
741 MINI DIP
“BONANZA'

S0 for $1.98;Y,

Barrels 'n barrels of ‘em,
This is a buyer's market.
How many can we get teat-
ed. Cat. No. H2626

BARREL KIT f46
G.E. 3.3 WATT
AMPLIFIERS

25 for
$1.98

Hobby type, factory fall-
outs, 2H2824 Untested

BARREL KIT #39
2N30SS HOBBY
TRANSISTORS

BARREL KIT 40
PNP HIGH-POWER
TRANSISTORS

BARREL KIT 130
PREFORMED
RESISTORS
200 for $1.98
We got barrels of Y4 and
1/2” watters for pc use.,
100: Yy, 100 127 watters.
No. 2H2608100% good

vaantage Cat.No 202613

a barrel of
2

T
values. Cat W H 2609

BARREL KIT 727
PREFORMED DISCS

for 20
¥

-
Hi-Fi mfr's shelf inventory
but he dumped 'em in bar-
rels. Preformed, for PC use.
Mixed values tool 2H. 8

¥V I artbbhs

100 for 60 for 200 for__-_
$1.98,,.. $1.98 $1.98
Marked and un All 4 leaders TO-18 case, | Marked and unmarked Va.
ternal numbers of includes UHF transistors | 2. 2 watts.Ne, 2H 2417
tory stock. Ne. too! Cat.No. 2H 2429
[Lloo] Cat;No. 2H 2429
RRI 11 BARREL KIT §10 BARREL KIT 78
BUY ANY 10 POWER TAS ROMS-REGISTERS SUBMINIATURE
5% STORS 75 for IF TRANSFORMERS
TAKE 15% 40 for 100 for $1.98
SN7a9aN 18 1 L SN74160N .38 1.98 - $1.98 cneest h %55k
TYPE SALE $NTA9SN 78 | (SN7a181N .88 $1. Z ; X Amazing, incluges 4B5Kes,
O SN7400N $0.16 | O SN7442N .53 [ SN7496N 72 | [] sN74184N 79 NPN, plastic TO220 type.|28 to 40 pin devices, | 0S¢ ﬂ:‘tenryﬂ. whod.knov\S.
SN7401N .16 ] SN7445N .62 SN74100N .98 | O] SN74163N .99 rted 2N ked, internal factory F;om ransistor radio manz;
B SN7402N .16 | L su144g= 23 8 SN7a108N €S | () SN74173N 1.39 3 | Mo 22425 Untestea | numbers, etc. 2W2424 | ufacturers. 100 % ZHW242
HEtFacan -1e| OaNTAfL 98| o swTasoTh o33 DaNT2iTsn a8 § IBARRELKIT ja BARREL 73 cgh | BARREL KIT j2
o IN7I98N 18 | CsN7asoN 1g| H SHzatiIN es | QsNzaiveN 793 | 40007 RECTIFIERS |1N4148/514 LINEAR OR AMPS,
T SN7406N 20 Eg:;:;},: 18 | BShzanian es | O sNTaitIn 2723|100 for ——@R~ |SWITCHING DIODES DiPs 75 for
. 2 . . ; n
g N7daan 25 | Bih7aean L1 | OSNTAIZLN 5o B $N7a1san 175 $1.98 Untested. | 100 for $1.98 | ... $1.98
INTA0ON .18 | D SN747ON .35 SNya128N .89 | [)SNTa18SN 175 IN1000 series. May i flmagine (amous switching| May include 700'a, Tdl's,
B SN7aton .16 | O SN7a72N .33 SNyA126éN .89 | (] SN74190N 1.38 clude 25, B, 100. 200, |diodes at these prices! 703's, 560 serios, 555 in-
DSNTAION ‘28 | Dsnraran 3e | LSR74,5an 100 | O SN7a191N 1.05 3 | 400, 600. 800 and 100D |CatNe. 2H2418 Untested. | cludes 2H2416
EN7413N .45 | O sN14‘_l,:= ‘3L | O sn7a1a1N .88 SN74192N -:':l’ volters, 2H2417
O SN743IN .32 s""nn ‘31 | D sN7alasN €9 s""“;u 72 {[BARREL KIT #5 Terms: Add postage Rated: net 30
7a2oN 16 | DSNTTSN 7e | Oswralden 2300 H SNT4isen a8 §|scms, TRIACS, S Phone : Wakefield, Mass. (617) 245-3829
g g:;ﬁ:m 3% | Osn7asaN 69 | D §:-’,ﬁ§§’~ 70 | 1 sH7a198N 1.49 ¢ | quaDRACS Retall: 16-18 Del Carmine St., Wakefield,
shrazsN 27 | DSNIOOSN 1098 | QsnraiaaN 95| D sraioeniss i 30 for MINIMUM ORDER — $6.00
Sl . SN7 5
490N .44 N74251N 1.09
01 sN7437N .26 | I SNT SN7a1ssN .70 | OS
[1sN7438N .26 s:;:g;: 73 | QSN7a1s7N 70 | O sN742848 3 1 1.98 . toctory
s . SN . 4 # stoc e amp types.
g "3222: |8 SN7493N .47 | CISN74158N .85 £ SN g stockt All the 10 amp
g e k -No. 19 Untested, . BOX 942H LYNNFIELD, MASS. 01940

SabaiAiadiisiisy
©Poly Paks Incl) Wakefield, Mass.,

Cat. No. 2H1981

98 february 1977

U.s.A. 1977

BARREL KIT {17
LINEAR & 7400 DIPS

20 for 15 for
$1.98 $1.98-
Popular germanium TO-3| Fallouts of the famous
case 22618100 % good | 2ZN308S. 212817100% |
BARREL KIT #26 BARREL KIT f25
PLASTIC METAL CAN
TRANSISTORS TRANSISTORS
for 100 for $1.98

1.9 Untested. | Includes TO-§, TO-1, TO-
Type TO-92 (TO-18), all| 18, etc., assorted 2N num-
manufacturers, variety of | bers. unmarked etc.
N #'s, Cat.No2H 2604 Cat.Na. 2H 2603 Untested.

BARREL KIT /15 BARREL KIT /14
MOSFET TRANSISTORS orgCISION RESISTORS

BARREL KIT #37
1 AMP “BULLETT”
RECTIFIERS Untested

100 for $1.98

Famous style, asstd. volt-
ages, silicon, axial include
all types bt voltages t.
1KV.Cat.No. 2H 2618
BARREL XIT §20
LONG LEAD DISCS

100 for
$1.98

“‘auction sale’’. Prime,|
marked only. Long leads,
Cat. 242596 100 % goow

BARREL KIT $12 <
POWER TAB TRANS 13

40 for
$1.98 2

PNP, plastic TO220 type.
Assorted 2N numbers.
Cat,No. ZH2426 Untested.
BARREL KIT §7
VOLUME CONTROL
BONANZA! <1

for
 $1.98 150% good)
Singles, duals, variety of
values, styles, big ones —
small ones, Cat.No.2H2421
BARREL KIT #1
SN7400 DIP IC'S.

75 for $1.98

Marked 14 and/or with 16
pin dips, may include gates,
fregisters, flip flops, count-

SPRING CATALOG

ers, 242415 Untest

O Send for FREE
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RATES MNon-commercial ads 10¢
per word; commercial ads 40¢ per word
both payable in advance. No cash dis-
counts or agency commissions alloweu.

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.

HAM RADIO HORIZONS, a super new maga-
zine for the Beginner, the Novice and anyone
interested in Amateur Radio . . . What it's all
about, How to get started, The fun of ham
radio. It's all here and just $10.00 per year.
HURRY! HURRY! Ham Radio HORIZONS,
Greenville, NH 03048.

SURPRISES GALORE! Projects, ham radio,
music synthesizers, etc. IC's, pots, hardware,
crystals, keyboards, resistors, etc. Send 13¢
stamp for catalogue. UTEP, Box 26231A, Salt
Lake City, UT 84215,

TELETYPE EQUIPMENT for beginners and ex-
perienced operators. RTTY machines, parts,
supplies, Beginner's special: Model 15 Printer
and demodulator $139.00. Dozen black ribbons
$6.50; case 40 rolls 11/16 perf. tape $17.50
FOB. Atlantic Surplus Sales, 3730 Nautilus
Ave., Brooklyn, N. ¥, 11224, Tel: (212) 372-0349

WANTED — Back issues of VHF-Communi-
cations and other VHF oriented magazines.
WIGUD/8, Ron Vanke, 2700 Patrick Ave,
Columbus, Ohio 43229,

VERY in-ter-est-ing! Next 4 big issues $1. “The
Ham TJrader,” Sycamore, IL 60178.

EXCLUSIVELY HAM TELETYPE 23rd year,
RTTY Journal, articles, news, DX, VHF, classi
fied ads. Sample 35¢. $3.50 Jaar year. Box
837, Royal Oak, Michigan 48068.

SYNTHESIZER. See Ham Radio, July 76, pg.
20-23, figures 21 to 24, Kit for $115, assembled
and tested, $140. Power supply to run from
117 volts additional $15.00, CTD, P. O. Box
708, Cambridge, MA 02139,

VARIABLE AND TRIMMER CAPACITORS —
Millen, Johnson, Hammarlund, Erie, Arco. In
stock for immediate shipment. Send first class
stamp for expanded price list. D & V Radio
Parts, 12805 W. Sarle Rd., R#2, Freeland,
Michigan 48623, - -

SAVE! Bomar FM, xtals $4.00 ppd. Dentron,
Hustler, CushCraft, W. M. Nye, Ameco. Used
ear, Complete catalog - write Ferris Radio,
gOB E. Harry, Hazel Park, Mich. 48030,

HW-101 WITH HP-23B. Both less than one
year old, perfect, professionally wired, $350,
WASINP, Art Smith, 5446 Grafton Street, Jack-
son, Mississippi 39206,

WANTED: Navy or McElroy Key. “Don't let
yours go silent” (we will love it and use it).
Also 1920s microphone. KANBN, Del Popwell,
1946 Sweetbriar Ln., Jacksonville, Fla. 32217.

CRYSTALS — S.AS.E. my list. K8LJQ, 355
Mower Rd., Pinckney, Mich. 4B169.

RECONDITIONED TEST EQUIPMENT for sale.
Catalog $.50. Walter, 2697 Nickel, San Pablo,
Ca. 94806.
4-400A's NEW, BOXED, $22. Perfect for 2kw
linear. Barnes, 2110 Apache Ridge Rd., Mer-
idian, MS 39301, - —

TRAVEL-PAK QSL KIT — Send call and 25¢;
receive your call sample kit in return. Samco,
Box 203, Wyantskill, N. Y. 12198.

CANADIANS. 1,000,000 surplus parts. Bar-
5a|r|s galore. Free catalog. ETCO-HR, Box 38,
orion, Quebec J7V 5V8,

MOBILE IGNITION SHIELDING provides more
range with no noise. Available most engines.
Many other suppression accessories. Litera-
ture, Estes Engineering, 930 Marine Dr., Port
Angeles, WA QSBGZA

WANTED: Collins 51S.1, R390-A, 51J-3. John
Callan, 65 Beechcroft St., Brighton, Ma, 02135.
LOOKING FOR USED GEAR? Buyers & Sellers
radio brokerage has the equipment you want
at the right prices. Call our Ham Gear Hot-
line 617-536-8777 Monday-Friday, 9-9.

BUY — SELL — TRADE. Write for free mailer,
Give name, address and call letters. Complete
stock of major brands new and reconditioned
equipment. Call for best deals. We buy Col-
lins, Drake, Swan, etc. SSB & FM. Associated
Radio, 8012 Conser, Overland Park, Kansas
66204. 913-381-5901.

FREE Electronics Surplus Catalog. Electronic
Specialties, 1659 Wetmore, Tucson, AZ 85705.

QSL's, CATALOG 30¢. RTTY paper 44 inch
rolls white, case of 12 $25. plus shipping.
P. O. Box 11184, Phoenix, Arizona 85051_

MOBILE BONDING STRAPS under 50¢ each.
Literature. Estes Engineering. 930 Marine
Drive, Port Angeles, Wash, 98362.

STOP LOOKING for a good deal on amateur
radio equipment — you've found it here —
at your amateur radio headquarters in the
heart of the Midwest. We are factory-author-
ized dealers for Kenwood, Drake, Collins,
ICOM, Ten-Tec, Atlas, Tempo, Regency, Swan,
Midland, Alpha, Standard, Dentron, Hy-Gain,
Mosley, CushCraft, and CDE, plus accessories.
For the best deal around on HF and VHF
gear, write or call us today for our low quote
and become one of the many happy and sat-
isfied customers of Hoosier Electronics, P, O.
Box 2001, Terre Haute, Indiana 47802. (812)
238-1456. —_—
FERRITE BEADS: w/specification and applica-
tion sheet - 10/$1.00. Assorted PC_ pots -
5/$1.00. Miniature mica trimmers, 3.40 pf.
5/%1.00. Postpaid. Includes latest catalog.
Stamp for catalog alone. CPO Surplus, Box
189, Braintree, MA 02184.

NEW ADJUSTABLE THREE OUTPUT REGU-
LATED POWER SUPPLY, plus 900 parts worth
$400.00 list, Solid state TV recorder elec-
tronic unit. Schematics, parts cross reference.
Free brochure. $17.95 plus $3.50 S&H, USA.
Master Charge, BankAmericard. Satisfaction
uaranteed. Madison Electronics Company,
ncorporated, Box 369, D77, Madison, Ala-
bama 35758,
ETCH IT YOURSELF PRINTED CIRCUIT KIT,
Photo-Positive Method — All the supplies for
four P.C, boards, direct from magazine article
in less than 2 hours. Only $19.95. S.A.S.E, for
details. Excel Circuits, P. O. Box 891, Troy,
Michigan 48099, 313.549-0440.

COMMUNICATIONS PUBLICATIONS and fre-
quency lists: Military, government, police,
aviation, maritime and more. HF and VHF.
Voice & RTTY. Catalog 25¢. Handler, Box CC,
Northfield, lllinois 60093.

FOR SALE: Gertsch FM7-DM3 frequency me-
ter-deviation meter, recently calibrated, $575.
Six G.E. KY-5 cavities, excellent condition,
$300 for the set. WA@NUX, P. O. Box 70,
Springfield, SD 57062.

MODERN CODE PRACTICE. 0-22wpm on four
60 min. cassettes, $10. Royal, P. O. Box 2174,
Sandusky, Ohio 44870.

FIGHT TVl with the RSO Low Pass Filter. For
brochure write: Taylor Communications Manu-
facturing Company, Box 126, Agincourt, On.
tario, Canada. MIS 3B4.

NAMEBADGES - $1.50 - Name and call sign
$2.00. Engraved plastic with pin, clutches or
adhesive. Black, white, red, blue. Include pay-
ment with order. Special prices on club
badges and hamfest plagues. Donan Engrav-
ing. P. 0. Box 07155, Lakewood, Colo. 44107.
RTTY CLOSEOUT — NS-1A PLL TU while they
last. Wired/tested $24.95. Board $3.00._ All
postpaid. SASE for info. Nat Stinnette Elec-
tronics, Tavares, FL 32778.

FREE

NEW CATALOG

NOW'S THE TIME
to request your free new
catalog on many, many
exciting Amateur products
including:

Data-Tone Keyboards
Data-Tone Encoders
Handheld Encoders
Automatic Data-Tone Dialers
CW Keyers

CW Memories

Auto Patches

Receiver Preamps
Single Tone Encoders
Single Tone Decoders
Tone to Pulse Converters

FOR EXAMPLE LOOK AT OUR
DELUXE C-MOS P.C. KEYER

Complete C-MOS keyer in kit form,
or wired, just right for your custom
enclosure, Versatile controls allow
wide character weight wvariations,
speeds from 5 to 50 w.p.m. plus vol
ume and tone control. Solid-state out-
put 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.

C-MOS Keyer Wired $24.95: Kit $19.95

N— masier charge

DATA SIGNAL, INC.

2403 COMMERCE WAY
ALBANY, GA. 31707
912-883-4703
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R-X NOISE BRIDGE

v Learn the truth about

your antenna.

v Find its

frequency.
Adjust it to your

operating frequency quickly

and easily.

resonant

If there is one place in your station
where you cannot risk uncertain
results it is in your antenna.

The Palomar Engineers R-X Noise
Bridge tells you if your antenna is
resonant or not and, if it is not,
whether it is too long or too short.
All this in one measurement
reading. And it works just as well
with ham-band-only receivers as
with general coverage equipment
because it gives perfect null
readings even when the antenna is
not resonant. It gives resistance and
reactance readings on dipoles,
inverted Vees, quads, beams,
multiband trap dipoles and
verticals. No station is complete
without this up-to-date instrument.

Why work in the dark? Your SWR
meter or your resistance noise
bridge tells only half the story, Get
the instrument that really works,
the Palomar Engineers R-X Noise
Bridge. Use it to check your
antennas from 1 to 100 MHz. And
use it in your shack to adjust
resonant frequencies of both series
and parallel tuned circuits. Works
better than a dip meter and costs a
lot less. Send for our free brochure.

The price is $39.95 and we deliver
postpaid anywhere in U.S. and
Canada. California residents add
sales tax.

Italy write i2VTT, P.O. Box 37,
22063 Cantu. Elsewhere send
$42.00 (U.S.) for air parcel post
delivery worldwide.

Fully guaranteed by the originator
of the R-X Noise Bridge. ORDER
YOURS NOW!

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025
Phone: (714) 747-3343
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flea market

MOTOROLA HT220, HT200, and Pageboy serv-
ice and modifications performed at reasonable
rates. WA4FRY, (804) 320-4439 evenings.

TECH MANUALS for Govt. surplus gear —
$6.50 each: SP.-600JX, URM-25D, OS-BA/U,
PRC-8, 9, 10. Thousands more available. Send
50¢ (coin) for 22.page list. W3IHD, 7218
Roanne Drive, Washington, D. C. 20021.

RUBBER STAMP, name/call/QTH $2.50 ppd.
(CA residents add tax). LWM Press, Box
22161, San Diego, CA 92122,

SELLING: KLM ECHO Il — SSB/CW_trnscvr
2 mtr, mint, $300.00. G.E. Progline 60 W, 2
mtr FM, w/extra xtals & tubes, $150.00. Ham-
marlund SP 600-JX-17, communications rcvr,
$200.00. R. D. Pray, WA2PPH, RD#2, W.
Chazy, N. Y. 12992. (518) 493-5193.

HEATHKIT COMBO AMP LESS SPEAKERS
(TA-17), Trade for a good 2 mtr rig. Ton

Harkey, Rt. 2, Bankston, Alabama (20!
689-4817).
TELETYPEWRITER PARTS, gears, manuals, sup-
plies, tape, toroids. SASE list. Typetronics,
Box 8873, Ft. Lauderdale, Fl. 33310. Buy parts,
late machines.
WANTED — Duo bander 2 and PS made by
W.R.L. Cost? WA3YPB, 2 Granite Road, Levit-
town, Pa. 19057.
FREE CATALOG. Calculators, digital ther-
mometers, ultrasonics, kits, strobes, ni-cads,
LED's, transistors, IC's, unique components.
Chaney's Box 27038, Denver, Colo. 80227.

PORTA-PAK the accessory that makes your
mobile really portable. $67.50 and $88.00.
Dealer |nqu1rles invited. P. O. Box 67, Somers,
Wisc. 53171.
FOR SALE: Misc. ARC and Collins equipment.
Send SASE for list. Jer Keslm. 409 S. Okla-
homa, Shamrock, TX. 79079.

LARSEN ANTENNAS (our specialty) 2,432 mag-
netic, trunk-lip 5/8 $33.00, 5/8 ground plane
$45.00. BankAmericard and Mastercharge ac-
cepted. 201-962-4695. Narwid Electronics, 61
Bellot Road, Ringwood, NJ 07456.

SELL — Touch tone encoder, CMOS MC-
14410P chip, complete with keyboard and
crystal, Functional subminiature, assembled,
525 Printed circuit board for above, 1.27 x

0.8, $1.25. The WA4DSY HT220 synthesizer,
assembled and functional, $125 or trade for
an HT220 board in working condition, tuneable
to 146 MHz. Regency HR2A, excellent condi-
tion, unmodified, $125. Knight VOM KG-640,
mint, $20. Heath 2M, % wave mobile an-
tenna, never used, $12. Drake low pass filter,
TV-100, $5. Slinky dipole, $20. Motorola RF
transistors, new, sealed, 2N5642, 2N5643, $5
each. Will ship within U.S. Send S.A.S.E. for
info. WA9WDB/PS5, John Teles, 10511 Tenneco,
Houston, Texas 77099.

QRP TRANSMATCH for HW7, Ten-Tec, and
others. Send stamp for details to Peter Mea.
cham Associates, 19 Loretta Road, Waltham,
Mass. 02154,

ROBOT LINE C.MIEI!A BOA w/1.9 lens focus
down to 6 inches. Monitor 70A. Make offer.
K9GBN, 122 Arrow Dr., Pekin, lllinois 61554.

SYNTHESIZER, see Ham Radio, July 76, pg.
20-23, figures 21-24. Kit for $115, Assembled
and tested, $140. Power supply to run from
117V additional $15. CTD, P. O. Box 708,
Cambridge, MA 02139.

MONUMENT HILL, LaGrange, Texas Repeater
is operating on 16/76. Our range is not fan-
tastic, but you're welcome to try us if you
travel Highways 77, 71, 290, or |-10. WASAAOQ.

RTTY DEMODULATORS — Immediate delivery.
New ST-5's with auto-start and AK-1 AFSK
audio oscillator. $185 or $25 and balance UPS
COD. David Tancig, 618 W. White St., Cham-
paign, lll. 61820.
WANTED: Drake T-4 Recrter, consider mint
SBE 33 or Swan MB 40 if price right. WASAAD,
Box 335, LaGrange, TX 78945,

WANTED: Car telephones and mobile tele-
phone parts, heads, cables, etc. Greg Hyman,
87 Yonkers Ave., Yonkers, N. Y. 10701. 914-
476-4330
B & K TEST EQUIPMENT. 159% discount. Free
shipping. Free catalog. Spacetron, Box B4.-T,
Broadview, IL

MANUALS for most ham gear, 1939/70. List
$1.00. Send SASE (or 25¢) for one specific
model quote. Hobby Industry, W@JJK, Box
H864, Council Bluffs, lowa 51501,

STAINLESS AND GALVANIZED STEEL antenna
guy wire our s@ecialty. Wilcox Electronics,
Box 1331, S. L. C., Utah B4110.

” TARGET

with
JAN QUARTZ CRYSTALS
for
¢ CB Synthesized ¢ CB Standard
e General Communications
e Industry ® Two-Meter
e Monitor ® Scanners
e Marine VHF ® Amateur Bands

Dependable USA Mfg. for
e Frequency Control
e Frequency Stability
® High Performance

Write or phone lor more delails Send 10° for our iates! catalog

2400 Crystal Drive
Ft. Myers, Florida 33901
all Phones (813) 936-2397

SPECIAL OFFER
— all in stock for delivery —
SAVE $$$$ SPECIAL ON ICOM IC-
230. Call now for price too low to

be published.

lcom, 1C22S, 1C230, IC22A, IC215,
IC502, 1C202, Collins KWM2a,
75S3C, 32S3C, 30L1, Yaesu FT101,
Kenwood TS820, TS520, TS700A,
Atlas 210X DD1, 220cs, 206, Drake
T4XC, R4C, L4B, MN200, MN2000
SSR1 SPR4 FS4 TR22C TR33, TR4C,
Tempo 2020, Tempo One, CL146A,
VHF One, Standard 146A, Horizon
Two, VHF Engineering Synthesizer
Il, EBC144AJR, all Hygain, New-
tronics, Antenna Specialists, Savoy,
Larsen, Mosley antennas. Also Turn-
er, Astatic, Shure, Spectronics DD1,
Sc250 Bird 43, Loads, elements,
Swan, National Radio NCL2000,
NCX1000, HRO-500, KLM Multi
2700A, Multi 1, Multi 7 all linears
in stock. Ten-Tec KR50A, KR20A,
Triton I, Venus SS2, SS2K, C1. DX
Engineering, CDE, Brimstone, Cush-
Craft. Large stock of HAM tubes
& sockets. TEN TO FIFTEEN, TO
TWENTY PER CENT OFF on every-
thing in the house. Top trades given
on your used equipment. Barry Elec-
tronics World Wide amateur Radio
Since 1920.

Barry Electronics
512 BROADWAY

NEW YORK, N. Y. 10012
212-925-7000

More Details? CHECK—OFF Page 118




' SPECIALS FROM

electronicg

Fairchild VHF Prescaler Chips

11CO1FC High Speed Dual 5-4 Input no/nor 15.40
11€050C 1 GHz Counter Divide by 4 74.35
11C05DM 1 GHz Counter Divide by 4 110.50
11C060C UHF Prescaler 750 MHz D Type flip/flop 12.30
11€240C Dual TTL VCM same as MC4024P 2.60
11C44DC Phase Freq. Detector same as MC4044P 2.60
11€58DC ECL VCM 4.53
11€70D0C 600 MHz flip/flop with reset 12.30
11C83bC 1 GHz 248/256 Prescaler 29.20
11C90DC 650 MHz Prescaler Divide by 10/11 16.00
11C900M same as above except Mil. version 24.00
11€91DC 605 MHz Prescaler Divide by 5/6 16.00
11C910M same as above except Mil. version 24.00
95H90DC 350 MHz Prescaler Divide by 10/11 9.50
95H90DM same as above except Mil. version 16.50
95H91DC 350 MHz Prescaler Divide by 5/6 9.50
95H910M same as above except Mil. version 16.50
GIAY-3-8500 Game Chip 29.95
T.I. TMS4060/C2107, 4K RAM 19.01
Batteries

NI-CAD’s AA cells 1.25 volts at 500 mahr. $0.49
Gel-Celt 12 voits at 1.5 Amp Hr. #GC-1215 $19.95

JUST ARRIVED! These radios have Just been

NEW

Motorola, Motorcycle Radio — Model T33BAT $39.95 FOB Phoenix

Motorola MC14410CP CMOS tene Generator uses 1 MHz Crystal to
produce standard dual frequency telephone dialing signal. Directly compatible with
our 12 key Chomeric pads. Kit includes the following.
1 MC14410CcP
1 Touch Tone Pad
1 1 MHz Crystal
1 Printed Circuit Board (From Ham Radio Sept. 1975)
And all other parts for assembliy.
$19.95

Fairchild 95H90DC Prescaler divide by 10 to 350 MHz. Will take any 35
MHz Counter to 350 MHz. Kit includes the following.

1 95H90DC

1 2N5179

2 UG-88/u BNC's

1 Printed Circuit Board

And all other parts for assembly.

]

$29.95

Fairchild 11C90DC Prescaler divide by 10 to 650 MHz. Will take any 65
MHz Counter to 650 MKz or with a B2590 it will divide by 10/100 to 650 MHz.

Crystals A A
1‘5’00000 MHz 495  pulled out of service. Set up for approx, 150 MHz. Ihlsﬁné‘l)loézke a 6.5 MHz counter to 650 MHz. Kit includes the following.
5.000000 MHz 4.95 Clean. All tubes included. No accessories. Prices
) 1 2N5179
3579.545 KC 295 FOB Phoenix. 2 UG-88/U
Motorola U43 GGT . sgggg 1 MC7805CP 1 Printed Circuit Board and all other parts for assembly.
GE TPL $99. 1 Bridge 82590 add $5.70 1o total.
GE MT-33 $39.95 $59.95
G.E.L. FM Broadcast Exciter (Stereo) contains the '
following: 1 ea. Model FM100, FM200, FM400A, Fairchild 3817 Clock Kit from Ham Radio, Feb. 1976, Pg. 26 — All parts
FM600, FMB0OA, and SC200 $299.00 | included except transformer and case. 12 hour $24.95 24 hour $29.95
1.C.'s MuRata 10.7 MHz
82238 $3.00 Ceramic Filters TRANSFORMERS
2102 $1.99 #SFW-10.7MA $3.95 F-18X 6.3vct at 6 amps 356
F-93X 6.5v to 40v at 750 ma. 353
. F-92A 6.5v to 40v at 1 amp 4.59
Johanson Ferrite Beads -
Trimmer Capacitors 12 for 99 or F-91X 6.5v to 40v at 300 ma. 272
6 to 6 pf. $1.95 120 for 9.99 N-51X Isolation 115vac at 35va. 2.80
1 to 14 pf. $1.95 Mode! D-2 6.5v at 3.3 amps 495
1 to 20 pf. $1.95 6.5v at 3.3 amps
€-912-034 22vct at 200 ma.
FET, 11v at 250 ma. 1.49
S BE-12433.001 30v at 15 ma. .49
2N3070 1.50 2N5460 .90 MFE3002 335 C-404-024 18vct at 400 ma. 149
e iz e m MR g el e
. 3 . =107,
213821 1750 3N126 300 MPF4391 B0 | bt 12v. @ AA or 24V @ 2 7.80
P6377 12v @ 4a or 24v @ 2a 6.31
2N3822 1.50 MFE2000 .90 u1282 2.50 P6378 v @ 8 24y @ da
2N4351 2.85 MFE2001 1.00 MMFS 5.00 v a2 or 24y 10.31
2N4416 1.05 MFE2008 4.20 40673 139 | P8l9% 80wt @ 1.2a 6.28
2N4875 1.75 MFE2009 4.80 40674 1.49
TUBES Erie High Voltage DIODES
2E26 4.00 811A 7.95 7984 495 Power Supply ;
3828 4.00 931A 1195 8072 3200 | T5K-209-000 IN270 Germanium Diodes  $7.95/¢
4X150A 15.00 5849 32.00 8156 3.95 Input 24vdc HEP170, 2.5A, 1000 PIV $4.95/20
4X150G 18.00 6LQ6 $4.50 8908 9.95 output #1 100 vdc — 12.95
4CX2508 24.00 6146A 4.75 8950 5.50 #2 400 vdc + Semtech SFMS 20K, 20KV, 10 ma,
4CX3504/8321 35.00 6146B/8298A  5.75 4-400A 29.95 3 15000 vdc fast recovery $1.26 ea.
4CX15000A  $150.00 6360 7.95 4-250A 24.95 ize: 3147 x 27 x 23,47
DX415 25.00 6907 35.00 4-125A 20.95 This power supply was used in a
572B/T160L - 25.00 7377 40.00 4-65A 15.95 CRT Terminals
2N1561 15.00  2N2B866 JAN TX 4.85  2N5590 6.30 | MRF207 2.00  Kertron KB60D8  5.50  MM3009 1.80
2N1562 15.00 2N=924 3.20 2N5591 10.35 MRF208 10.20 Amperex BLY90  22.50 MM3375 7.00
2N1692 15.00 2N 3925 6.00 2N5635 4.95 MRF209 12.35 Amperex A209 8.60 MM3904 1.50
2N1693 15.00 2N3927 11.50 2N5636 11.95 MRF237 1.85 MSC 2001 20.00 MM3906 1.43
2N2631 4,20 2N3948 . 2.00 2N5637 20.70 MRF238 8.55 MSC 3000 20.00 MM4000 1.24
2N2857 1.80 2N3950 26.25 2N5643 20.70 MRF450 16.55 MSC 3001 20.00 MMA4001 1.39
2N2876 12.35 2N3961 6.60 2N5641 4.90 MRF453 19.55 MSC 80205 20.00 MM4003 1.85
N288 25.00 2N4072 1.70 2N5643 20.70 MRF504 6.7 MSC 80206 20.00 MM4a036 1.60
2N2927 7.00 2N4073 2.00 2N5764 27.00 MRF509 5.50 MSC 80255 20.00 MM1044 3.00
2N2947 17.25 2N4135 2.00 2N5841 11.00 MRF511 8.60 Fairchild SE7056 3.00 MM4545 3.00
2N2948 15.50 2N4a27 1.24 2N5842/MM1607 19.50 MRF620 27.00 MM1051 2.00 MM8B006 2.15
2N2949 3.90 2N442%0 20.00 2N5849/MM1622 19.50 MRF621 30.50 MM1500 32.20 MM1552 50.00
2N2950 5.00 2N4440 8.60 2N5862 50. MRF8004 1.90 MM1550 10.00 MM1553 56.50
2N3287 4.30 2N4957 6.30 2N5942 49.50 HEPS3013/75 2.95 MM1601 .50 HEPS5026 2.48
2N3300 1.05 2N5070 13.80 2NS922 10.00 HEPS3014/76 4.95 MM1602 7.50 MSC 80256 20.00
2N3302 1.05 2N5090 6.90 2N6080 5.45 HEPS3002 11.03 MM1607/2N5842 8.65 CTC D1-28 20.00
2N3307 10.50 2N5108 390 2N6081 8.60 HEPS3003 29.88 MM1614 275  CTC D10-28 20.00
N3309 3.90 2N5109 1.55 2N6082 11.25 HEPS3005 9.55 MM1620 17.50 CTC E1-28 20.00
2N3375/MM3375  7.00 2N5177/MRF5177 20.00 2N6083 12.95 HEPS3006 19.90 MM1622/2N5849 19.50
N3553 .80 2N5179 .68 2N6084 14.95 HEPS3007 24.95 MM1661 5.00
2N32571 4.10 2N5184 2N6094 5.75 HEPS3008 218 MM1669 17.50
2N3818 6.00 2N5216 47.50 2N6095 10.35 HEPS3010 11.34 MM1943 3.00
2N3824 3.20 2N5583 5.60 2N6096 19.35 RCA TA7994 50.00 MM2605 3.00
203866 1.09 2N5589 4.60 2N6097 28.00 RCA 40290 2.48 MM2608 5.00
2N3866 JAN 4,14 N6166 36.80 Kertron K2126 5.50 MM3002 1.65
@Iq.[} 2543 N. 32nd STREET C.0.D.
PHOENIX, ARIZONA 85008
electronicg PH. 602-957-0786

More Details? CHECK—OFF Page 118
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TOUCH-TONE
DECODER

e Dual tone decoder decodes
one Touch-Tone digit.

* Available for digits 1, 2, 3,
4,5 6,7,8,9,0, = and ».
Also for digits 13, 14, 15
and 16.

* Relay output SPST % amp.
Relay closes when dual-tone
digit is received. Opens
when tones cease. Receiver
AGC can be used to hold
relay closed after tones
cease,

’

» Operates on any dc voltage
from +9 to +30 v.

AL

¢ QOctal plugin case 1%
square 3" high.

* Send for free brochure.

Model T-2 Touch-Tone
Decoder. $39.95 postpaid in
U.S. and Canada. Specify
Touch-Tone digit or tone
frequencies.

California residents add

sales tax.

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025
Phone: (714) 747-3343

lo2'rR february 1977

~ flea- market

QSL'S — BROWNIE W3CJI — 30358 Lehigh.
Allentown, Pa, 18103, Samples with cut cat
alog H0e¢

WANTED: Used SB220 or SB200, 3-24.203,
Sakonyama, Yokohama, Japan Takayoshi
Iwama o

FOR SALE: Lampkin 107c Generator. 1 year
old, mint condition. Original cost $3,000. Make
an ofter. Pete Hons, Portage, Pa. 15946.
B814-736-3883.

ADCOM MOBILE POWER SUPPLY $35. Edison
cylinder phonograph recordings on cassette.
S.A.S.E. list. Talen, 0605 Double Spur Loop,
Austin, Texas 78759,

HELP FOR YOUR NOVICE, general advanced
ticket. Recorded audio-wisual theory instruc-
tion. Free information. Amateur License In-
struction, P. O. Box 6015, Norfolk, Va. 23508.

1 KW. LINEAR (continuous duty amplifier)
custom manufactured compact with heavy
duty power supply used once, excellent like
new - $195 (ship UPS 50 Ib.) OUNG, 210
Richardson Ave., gan Francisco, CA 94123,

WANTED: Inoperative Collins R-390A to repair
and for maintenance of my R-390A. Ed Wag-
ner, 1018 Birch Haven Cir., Monona, WI 53716.

Coming Events

CUYAHOGA FALLS AMATEUR RADIO CLUB
ANNUAL AUCTION, Feb. 26. At Stow, Ohio
National Guard Armory, 2 p.m. to 10 p.m,
Admission $2, no advance ticket sales. Talk in
04/64, B4/24, Channel 2. Call WBBVNO for
further information.

LAPORTE WINTER HAMFEST — The LaPorte,
Indiana, ARC will hold its Winter Hamfest on
the 27th of February, 1977, beginning at B
a.m, (Chicago time) at the LaPorte Civic
Auditorium. Good food, plenty of FREE tables,
50 miles East of Chicago. Talk-in on 01-61
and 94. Donation $2.00 at the gate, Informa-
hari\”;u)m LPARC, P. O. Box 30, LaPorte, IN.
4635 - -

BLOSSOMLAND SWAP-SHOP. Sunday, March
6th. Bridgman Middle School Gym, Bridgman,
Michigan. Expanded facilities, refreshments,
prizes, fun. Table space restricted to radio
and electronic items only. Advance ticket do-
nation $1.50, Tables $2. Write: John Sullivan,
P. O, Box 345, St. Joseph, Mich. 49085. Make
checks payable to Blossomland A.R.A
MANSFIELD MID-WINTER HAMFEST AUCTION,
February 6, 1977, Richard County Fairgrounds,
Mansfield, Ohio. Prizes, flea market, auction.
Doors open 8 a.m,, talk-in 146.34/94, S2/52
Tickets $1.50 in advance, $2.00 at the door.
Contact Harry Frietchen, KBJPF, 120 Home-
wood, Manstield, Ohio 44906, 419-529.2801
or 419.524.1441. —_—

MICHIGAN — The 7th Annual Livonia Ama-
teur Radio Club’s Swap 'n Shop will be held
on Sunday, February 27, 1977, from B8:00 a.m
to 4:00 p.m., at the Stevenson High School in
Livonia, Michigan. There will be plenty of
tables, door prizes, refreshments, and free
parking available. Talkin on 146.04/64 and
146.52 Simplex. For further information, write
Neil Coffin, WABGWL, c/o Livonia Amateur
Radio Club, P. O, Box 2111, Livonia, Mich
igan 48150, —

W6LS 12th Los Angeles Amateur Radio Con
vention. Saturday and Sunday, May 21 & 22,
2814 Empire Avenue, Burbank, CA 91605

STERLING-ROCK FALLS Amateur Radio So-
ciety Hamfest. Sunday, March 6, 1977, High
School Field House, Sterling, lllinois, Advance
ticket $1.50, at door $2.00. Contact Don Van
{S}i'ag?t.l WASPBS, 1104 5th Ave., Rock Falls, Il
IOWA: Davenport Radio Amateur Club Hamfest
is Sunday, Feb. 27, 1977 at the Masonic
Temple in Davenport, la. Admission is $1.50
advance, $2.00 at door. Talk in on 28/88 and
52. Refreshments and tables available. For
tickets send S.A.S.E. to Dick Lane, WAPGXC,
116 Park Ave., So. Eldridge, la, 52748,

Stolen Equipment

TRIO TR220 2 meter fm transceiver s/n
621270 taken on November 23, 1976 along
with my 1976 Chevrolet Corvette. The trans-
ceiver was not in its case and the on/off
volume control was removed and remotely
wired from a rear compartment to the center
console of the car. If anyone finds both the
car and radio, keep the radio and give me
the carl Richard C. Bean, WALKDL.

T T . o . T T B e —

ALDELCO SEMI-CONDUCTOR SUPERMARKET
AF DEVICES

S50 INGDED AW 175 M 540
P9 INGOEY 15W 175 Mg LEL
y 175 b 10 08

5 Mg 2
INEOBA 40W | 76 MiH: 16

HEAVY DUTY RECTIFIERS
2 A OB b
+ Silicon Recttins A !
Sihigan Rectifier Eoe, 685 mA
ALDELCO KITS
&Kot Houes, Minutes & Seconds Large Malt nch LI

apsad| stmat i 14§
5 o I -~

fastue aton Complete with svisond gram catine! 3%
NOW OPEN - ALDELCO COMPUTER CENTER -~ books,
magarines, hits, boards & support chips.

K Rt oy v 1O TR
AL T 54 7
Voo Wi Wap Sy Spweisl §1 W

DISCRETE LEDy

’ 1y Aech Long or Shat bulh fior $1.00
Sumbss Deange Green, Clear Red or Green & toe $1.00
209 Sevin n, Oiange, Yellow o) Fled 5 for $1 00
HLZ o Micra Red 5 fow $1 00
ZENERS
INTAB 1o INTSO 400 Mw ea 75 THNAT2B 10 TR4TEL | w 1%

$ 6% Ca A D Armg £1 80
00 ROBOA $29 65
B MI09K Vol Reg 118
45 | M3IBON Audio Amp |

21021 Bigr $1750
NESGIB PLL 404
NESEIE PLL a0y
NESGSA PLL 501
LMID9 o LMIEY Min Drg i
LMIMIC TOS5 OF Amg 45
n IC § L

AILIDIEILICIO

2287H Babylon Tnpk., Mernck, NY 11566
1516) 378-4555

NEW STUFF

UHF SIGNAL GENERATOR microdot Model 412
FM Signal Generator, 400-550 MHz. Digital read-
out. Stability .0006%/hour, .1uV-1V, 50 ohm
+ 1dB. Absolutely Top Drawer. With manuals,
complete. Write for complete specs. $650.00

HP UHF Noise Source with modulator, Model
HO1-349A. $85.00.

MIXED VALUES.
DISC CERAMIC CAPACITORS

$5.00/LB. rro.iINnusA

If you don't like the pound you get — call or
write and we'll send another pound FREE. (And
you keep the first pound.)
7-9pF Glass Piston Trimmer, JFD, VC-1 $2.25 ea
10 for $1.75 ea
4.7 MFD/10V Sprague 158D $7.50/Hundred
COLLINS 635V.1 Bandpass filter, 2-29.999 MHz,
tunes in 1 kc increments. Sharply selective Ffilter
w/integral linear RF amps $175.00

Great Repeater Receiver. 215-265 MHz Piug in
front-end & video unit with BW 15 KC — 1
MC built-in deviation meter. Defense Electronics
Model TMR-5A. Only 1 in stock. SPECIAL $215.00

1 ) X ik
RVCR 2 to 30 MHz depending on the plug-in
front end. Provision for XTAL control. Makes a

fine single-channel H.F. RCVR. $125.00
100 kHz solid state standard frequency oscillator.
Complete in oven. Size: 434~ x 2" x 1147,
James Knight's part #JKT0-23. Octal plugvin
Hermetically sealed. $25.00
WE ARE BUYERS as well as sellers. What have
you? We don't have a catalog, by the time we'd
publish it the merchandise would be gone

DISC'CAP, 19075 BRAEMORE RD.

NORTHRIDGE, CA. 91326 213-360-3387

More Details? CHECK—OFF Page 118



NEW-NEW-NEW

SIMPLIFIED
= VERSION

/ ® easier assembly

e bigger digits
e 50% less soldering | Lep BLINKY KIT

A great attention getter which alter-
nately flashes 2 Jumbo LEDs. Use for

FM Wireless
Mike Kit
$2.95

Transmit up 10
300" to any FM
broadcast radio.
Sensitive mike Iinput requires crystal
ceramic or dynamic mike. RBuns on 3 to
9 V.

6 DIGIT — 12/24 HOUR name badges, buttons, or warning type
panel lights. Runs on 3 to 9 volts.
Complete Ki $2.95
DIGITAL CLOCK KlT $22.95 b
The best looking clock on the market is now easier to build! New features too — S|F;§|\é5KIT ‘f

push-buttons to set time, larger .4"" high readouts and super detailed instructions.
The DC-5 comes complete with extruded aluminum case available in 5 colors, line § 200 mw

cord transformer, quality PC boards and Polaroid lens filter. Colors available: g‘_‘g’\";’ “'C;LF;"';-
gold, bronze, blue, silver, black (specify). tion. Uses

3-45 Ohm

Mobile Version, .01% accuracy, 12V dc . .. ..ot vvvn i nainetssraanananns $25.95 speaker.
AL N Orsion; T2 B0 DB 2 5o sreis e s iein s s0arn mies s amr e e a o o o e asel @ 8 e s ata s 68 1¥ $24.95
Time base kit, usewithany B0 Hzelock . ....... ..ot inrinnranss

TONE DECODER KIT
LOW COST s 1 o 95 12/24 HOUR 6 DlGlT A complete tone decoder on a single
DC-4

CLOCK LARGE 4”01“6."?—5 pc board. Feawres — 400 1o 5000 Hz

adjustable frequency range, voltage regu
lation, 567 IC. Useful for Touchtone
DC-4 includes all parts and switches, does not include PC board, case or transformer. DC-4
will not fit in case as shown above. Case size required, 3" x 5" x 4",

decoding, tone burst detection, FSK
demod, signaling, etc. Use 7 units for 12
button touchtone decoding.

Complete Kit, TD-1 $4.95

PC Board, drilled and etched, 3" x 4" . .. .. ...ttt iuininnnaesnnananssnns $295
Transformer, linecordtype, 12V 80 ... ....uitiiiuiennueauonsaessnsancnsnnans 1.98
Transformer, lugmount type, 12V ac ..........ciiiiiuriiiunnrannnnnsananans 1.49

POWER SUPPLY KIT ¥15V,+5V
A complete bench supply! Dual tracking
regulator provides adjustable 6 to 15
Volts at 100 mA, while a stable 3
terminal regulator produces 5 V at 1
Amp. MNowvel 2 transformer design
permits 110/220 V operation. Complete
with all parts except case and cord.

PS-3 Power Supply Kit $14.95
==

30 WATT  ianame

$44.95 KIT
assembled . . $59.95

The famous RE class C power amp now
available mail order! Four Watts in for 30
Watts out, 2 in for 15 out, 1 in for 8 out,

Incredible value, complete with all parts, Extend 'h‘: (a:‘g:il:?(; DECADE COUNTER

instructions and details on T-R relay. Fully your counter 1o O

stable, output short proof, infinite VSWR MHz. Works with 3 - PARTS KIT
protected! Case not included. most any counter. Available kit or assem- INCLUDES @ 7490A decade counter
Complete Kit $22.95 bled and tested. Specify =10 or =100 with ® 7475 latch

order.

741 OP-AMP SPECIAL 10 for $2.00
Take advantage of a special one time deal on factory prime mini-dip op-amps. These
were house numbered for Xerox Corp., but also have the 741 number printed on them.
This is the LOWEST price in the USA!

® 7447 LED driver
$3.50 ® LED readout
® Current limit resistors

Complete with instruction and details on
how to build an easy, low cost freq.
counter.

INTEGRATED CIRCUITS

FERRITE BEADS with info and specs ....... 15/$1.00
GHoleBalunBeads . .......covvvuvenunnnns 5/$1.00

IC SOCKETS
14PIN ........ 25 50/10.00

1000uf 15V FILTERCAP ................. (00 | EATENE G b aolll [

SLIDE-POT — 10k linear taper ..............

1000V, 25ADIODE ......uvic.caisaiasaa 447 ... ......80 309K L.l

TELEPHONE ORDERS WELCOME Satisfaction guaranteed or

]
ramISey lEcirpniGs e
add $1,00. Orders under

. £10.00 add $.75. NY resi-
P.O. Box 4072, Rochester NY 14610 (716) 271 6487 dents add 7% tax.

More Details? CHECK—OFF Page 118 february 1977 [ 103



FREQUENCY STANDARD

\/ Precision crystal.
v/ Markers at 100, 50, 25, 10, 5
KHz.
\/ Zero adjust sets to WWV.
The Palomar Engineers Frequency
Standard gives sharp clear markers
throughout the high frequency
band from 160 through 6 meters.
With the panel switch in 100 KHz
position the markers can be heard
every 100 KHz for checking
calibration of your receiver,
transceiver, or VFO. Additional
markers can be turned on with the
panel switch every 50, 25, 10 or 5
KHz.
The exclusive Palomar Engineers
circuit generates only the wanted
markers. No extra ““ghost’” markers
appear.
Connection to your receiver is
simple. A twisted-wire capacitor
from the Standard to the receiver rf
amplifier or mixer. Or a short
“antenna’’ connected to the
Standard may radiate enough
marker signal.
The Frequency Standard is factory
set to frequency and the setting can
be checked and adjusted with the
“zero” trimmer while listening to
WWV or a broadcast station. All
markers are as accurate as the WWV
calibration, typically .0001%.
Don’t take chances; check your
frequency. Use the Standard with
the wide range of selectable
markers, the time- proven Palomar
Engineers Frequency Standard.
Send for free brochure.

The price is $37.50 (9-v battery
not included) and we deliver
postpaid anywhere in the U.S. and
Canada. California residents add
sales tax. ORDER YOURS NOW!

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025
Phone: (714) 747-3343
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©) SPEAKERS (©)

SQUARE — 3" - 3W, 4 mtg holes.
$1.45 ea. ppd., 2/$2 75 or 4/ $4.80 ppd.

l;lvO‘NEER — and 2%" x %" - 160 -
" 155 u 2/$2.85 or 4/$5.20 ppd.

OVAL — 27 x 4” x 114" deep - 82 - .1IW.
4 Hole Mtg. $1.75 ea. ppd., 2/33 15 or
4/3 75 ppd.

Round #5P585A 2” x %" - 80 - .1W
Matsushita. 31.35 ea, ppd.
2/$2.55 or 4/$4.75 ppd.

NOBLE 100K Dual Slidu Potentiometer,

2%" x %" x %" with 1%” lever.
$1.45 ea. or 10 for $12.00 ppd.

TUNING METERS — Blue
tinted plastic body, 0 to
left, graduated scale,
200uA, l'/i"w x 14"H x
34"D. Scale can be rear
lighted. Sylvania #18148-1

2.25 ea. or 4/$6.95 ppd.

3000 MFD
@ 30 Volt
— Capacitors.

1 Dla X 3" — 90;‘ ea. or 3/%$2.25 ppd.

3000 MFD @ 20V Capacitors. Same size
as above. 80¢ ea. or 3 for $2.00 ppd.

ALSO 3000 MFD @ 50V, 3" x 13" dia.
95¢ ea. or 3/%$2.65 ppd.

ELECTROLYTIC CsPACITOR — PHILCO
~ QUAD SECTION

| [ 47 x 134" dia.
e TWISTAB MTG.

100x150 MFD @ 400V and at 350V D.C.
and 20x50 MFD @ 250V — A nice unit
for Xceiver, etc. $1.10 ea. or 3/$2.95 ppd.

DUAL Electrolytic 1000 & 500 MFD. 15V,
long leads. 34" dia. x 214" long.
55¢ each 3{51 50 ppd

CRL Disc Capacitors. .1 MFD, 10V %
dia., hr& leads. 10 for $1.00 ppd.
/$8.40, 500/%$36.60 (U.P.S. Only)

UNPOTTED TORO!DS — center ta
88 MHY - 5 oz. - 5/$2 44
88 MHY - 9 oz. - 5/ 349 2 5/$3.95 ppd.

NEW Tnnsislor and Relay As-
mbly — consists of (2)
b.mzs 55 and (2) MJE2955

A transistors (10 amp, 90w,
[ 60v complementary pairs)
/e | mounted in "“U" channel
heat sink 215" x 114" x
115", (2) XTAL CAN RE-
uﬁrs, DPDT, 28v, 80001,
5.8 ma DC, 1 amp contacts
mounted on PC board with
resistors. $2.95 ea. ppd.

7~ 7400 PIV BRIDGES — 1.5A Gen. Instr.

ﬂ{/ P.C. Bd type. 65¢ ea. or 3/$1.80 ppd.
. SEMTECH BRIDGES

ﬁf%}

- Heat sink w/center hole
' mtg. 10 Amp — Tested —
! 200V P.LV. $%$1.75 ea. ppd.
400V P.LV. 1.95 ea. ppd.
600V P.LV. $2.15 ea. ppd.

25 AMP — TESTED

\@‘ 200V P.LV. 2.25 ea. ppd.
\ 400V P.LV. $2.50 ea. ppd.
600V P.LV. 2.85 ea. ppd.
CARBON TRIMMERS
Miniature 14 watt units. PC
type. Values: 200, 700, 1000,
: gﬂ. 250K, 700K
[ 30¢ ea. or 5/$1.35 ppd.

NE MINI Im orted vertical ggts (14H,
/16D) Values: 1000, %

5K, SOK ohms Slot adj. Also 5000 lnd

5K Horiz. Price: 5 for $1.20 ppd.

NEW SIZES — VERTICAL MOUNT
PC BOARD POTENTIOMETERS
American made (CRL) Cermet { /=
sizes: 25K, 100K ohms. 5/$1.30 p| d
CTS Blue wheel. Values: 750
1.5K, 50K, 300K ohms. 5/%1. zéppu

— Fairchild RTL. ;:L 900 or uL

I.C.
914 Full leads, ; 5 ppd.
1L923 Full Leads. 3/$1.85 ppd.

PRE-AMP

__s:- ein %)

S @ kl
¢ @ @ =
HIGH GAIN + LOW NOISE

35dB power gain, 2.5-3.0 dB N.F. at 150
MHz 2 stage, R.F. protected, dual-gate
MOSFETS. Manual gain control and pro-
vision for AGC. 4% " x 17" x 1%" alum-
inum case with power switch and choice
of BNC or RCA phono connectors (be
sure to specify). Available factory tuned
to the frequency of your choice from 5
MHz to 250 MHz with approximately 3%
bandwidth. Up to 10% B.W. available on
special order.

N. Y. State residents add sales tax.

Model 201 price: 5-250 MHz $29.95

Vanguard
Labs

196-23 JAMAICA AVE.
HOLLIS, N. Y. 11423

12 Button touch-tone pads calibrated and
guaranteed 90 days (abuse excluded) with
diagram . s $14.00
Attractive plastic mounting box with
brackets $4.75
Complete workmg system ready to con-
nect to your transmitter . $24.95
Complete working system with speaker
in housmg for acoustic coupllng with
power switch $39.95

® am

TELEPHONE EQUIPMENT COMPANY

Post Office Box 596, Leesburg, Florida 32748
(904) 728.-2730

SEND STAMP FOR BARGIN LIST
PENNSYLVANIA RESIDENTS - ADD 6%
ALL ITEMS PPD. USA
Canadian orders for less than $5.00 add
$1.00 to cover additional mailing costs.

UPS requires your street address.

{ m. weinschenker

N\ electronic speciallies-80X 353, IRWIN, PA 15642

TRAGIC WASTE OF RF

could be your fate as precious watls zig-zag round
the world to shower just a little — or little or
none — on that hoped for DX station. BUT WE
HAVE AN ALTERNATIVE — THE JOYSTICK VFA
(Variable freq. ant.), which gives low angle, omni-
directional, harmonic free radiation on all bands
160 thru 10 (+ MARS and receive on all BC &
SW). Stalwarts W6GTYP and GADJY achieved
notable results in contests — just Lo mention two
of the many who have sent glowing reports of Lhe
VFA in use, often in poor QTH and/or under QRP.

g 250W P.E.P. &/or
SYSTEM ‘A’ $69.90 ReceivingOniy '

i P.E.P. &/or Im-
SYSTEM 'I 59133 proved Q Factor Receive
Air Mail cost included
(each system 3 sections easily assembled to make
unit 7* 6* long. Matching ATU.) Not only will
you save space but you will save $$$ at present
low exch. rate and by buying direct UK manuf.

Rush your order — Mastercharge or check, or
ask for brochure.

PARTRIDGE (HR) ELECTRONICS LTD.

BROADSTAIRS, KENT, ENGLAND
G3CED TEL. THANET 62525 G3VFA

More Details? CHECK—OFF Page 118




DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1ND14 100v 10mA .05 8pin pcb .25 ww .45 2N2222  NPN .10
1N4004 400v 1A .08 4-pin pcb 25 ww .40 2N2907  PNP 15
1N4005 600v 1A .08 16-pin pcb .25 ww .40 2N3740  PNP 1A 60v .25
1N4007 1000v 1A .15 18pin pcb 25 ww .75 2N3906  PNP .10
: ﬁ;ma 6 25\/ 10mA .03 22pin pcb 45 ww .75 2N3055 NPN  15A 60v .50

53A .2V z .25 24-pin  pcb .35 ww 1.25
1N758A 10v z 25 28-pin pcb 35  ww 145 LED Green, Red, Clear 18
IN759A 12v 2 25 40-pin pcb 50 ww 195 D.L.747 7 seg 5/8" high 1.95
m“;gg 51;" z 25 Molex pins .01 To-3 Sockets .25 XAN72 7 seg com-anode 1.50
1N22 448 1 4: : gg 2 Amp Bridge  100-prv 1.20 FND 359 Red 7 seg com-cathode 1.00
1N5245B 15v z .25 25 Amp Bridge 200-prv 2,50
C MOS - T T L -~

4000 .20 7400 A5 7474 .40 74193 .85 74500 55
4001 .20 7401 .15 7475 .45 74194 1.45 74502 .55
4002 .25 7402 .20 7476 .20 74195 95 74503 .50
4004 495 7403 .25 7480 .65 74196 1.50 74510 .45
4006 1.20 7404 15 7483 1.00 74197 1.25 74511 45
4007 40 7405 .25 7485 1.05 74198 2.35 74520 .50
4008 1.20 7406 45 7486 .40 74367 .85 74540 .30
4009 .25 7407 55 7489 2.50 74851 45
4010 .45 7408 .25 7490 .40 74564 .30
401 .20 7409 .15 7491 1.15 75108A .35 74574 .50
4012 .25 7410 15 7492 .95 75110 .35 745112 1.50
4013 .40 7411 .25 7493 45 75491 .50 745133 A5
4014 1.10 7412 .30 7494 1.25 75492 .50 745140 .75
4015 .95 7413 .65 7495 .85 74S151A 45
4016 .35 7414 1.10 7496 .95 74H00 .25 745153 .45
4017 1.10 7416 .25 74100 1.85 74H01 .25 745158 45
4018 1.10 7417 .50 74107 A5 74H04 .25 745194 1.50
4019 .70 7420 15 74121 A0 74H05 .25 745257 (8123) .25
4020 .85 7426 40 74122 .55 74H15 .30 241500 45
4021 1.35 7427 A5 74123 .55 74H20 .30 741501 a8
4022 1.16 7430 .15 74125 A5 74H22 40 741502 45
4023 .25 7432 45 74132 1.35 74H30 .25 740504 ‘585
4024 .95 7437 A5 74141 1.30 74H40 .25 741508 a5
4025 .35 7438 .35 74150 1.00 74H52 .15 741509 45
4026 1.95 7440 .25 74151 .95 74H53) .25 74LS10 45
4027 .50 7441 1.15 74153 95 74H55 .25 781811 45
4028 95 7442 65 74154 .75 74H72 .55 241520 ‘50
4030 45 7443 .95 74156 1.15 74H101 .75 741521 25
4033 1.95 7444 .95 74157 .75 74H103 .75 741522 %5
4034 2.45 7445 .95 74161 1.25 744106 .95 741532 55
4035 1.25 7446 .95 74163 1.25 741837 40
4040 1.35 7447 .95 74164 .95 741540 56
4042 .95 7448 1.20 74165 1.50 741542 175
4043 1.25 7450 .25 74166 1.35 741552 1,45
4044 .95 7451 .25 74175 .95 74L00 .35 741574 P
4046 1.50 7453 .25 74176 1.25 74102 .35 241590 130
4049 .80 7454 .25 74180 .85 74L03 .30 741593 1,00
4050 .70 7460 40 74181 3.25 74L10 .35 7415107 ‘95
4066 1.35 7470 A5 74182 .95 74130 45 74LS153 1.20
4069 40 7472 45 74190 1.75 74147 1.95 74LS157 85
4071 .35 7473 .35 74192 1.65 74175 .65 74LS164 1.90

4082 45 .
. 7415368 .70

9000 SERIES LINEARS, REGULATORS, etc.

9301 1.00 MCT2 .95 LM320K5 1.65 LM340T-24 1.25 LmM723 .45
9309 A5 8038 3.95 LM320K12 1.65 LM340K-12 2.15 LM725 1.95
9602 1.50 LM201AH .75 LM320T12 1.65 LM340K-15 1.65 LM739 1.50
LM301AH .25 LM320T15 1.65 LM340K-18 1.65 LM741 814 .25
LM308AH 1.00 LM339 1.65 LM340K-24 1.25 Lm747 };g

LM309H .65 7805(340T-5)  1.00 LM373 1.95 LM 1307 )
MEMORY. CLOCKS LM309K .90 LM340T-12 1.25 LM380 95 LM1458 .95
745188 (8223) 3.00 LM310 1.15 LM340T-15 1.25 LM709 .30 LM3900 65
8080 26.50 LM311 1.35 LM340T-18 1.65 LM711 45 LM75451 .65
MM1702A 10.50 NE555 .50
MM5314 3.50 NE556 1.10
mene 3 [ INTEGRATED CIRCUITS UNLIMITED | nse '
20211 Tes | 7889 Clairemont Mesa Bivd. + San Diego, CA 92111 « (714) 278-4394] NE36C 1
TR 1602A 6:95 All orders shipp.ed'prepaid No minimum SN72720 35
Open accounts invited COD orders accepted SN72820 .35

Discounts available at OEM Quantities
California Residents add 6% Sales Tax
24 Hour Phone (714) 278-4394 MasterCharge / BankAmericard




Cuts QRM. Ideal for DX and Contest Work. Does
| what no audio filter can do. A must for CW oper-
ators who want the best, 125 Hz @ —6 db, 325
Hz @ —60 db, 8 poles,

CF-125/8 $125.00
Money back if not satisfied

REMOTE CONTROLLED

ANTENNA SWITCH

= =

o l.j (303) 722-2257 [5

Sherwood Engineering, Inc.
Dept. A
1268 South Lgden St.
Denver, Colo. 80210

QUALITY KENWOOD TRANSCEIVERS
. . . from KLAUS RADIO

The TS-820 is the rig that is the
talk of the Ham Bands. Too many
built-in features to list here. What
a rig and only $830.00 ppd. in
U.S.A. Many accessories are also
available to increase your oper-
ating pleasure and station ver-
satility.

TS-700A
2M TRANSCEIVER

Guess which transceiver has made
the Kenwood name near and dear
to Amateur operators, probably
more than any other piece of
equipment? That's right, the TS-
520. Reliability is the name of
this rig in capital letters. B0 thru
10 meters with many, many built-
in features for only $629.00 ppd.
in U.S.A,

TR-7400A
2M MOBILE TRANSCEIVER

TS-820
160-10M TRANSCEIVER

Super 2-meter operating capability
is yours with this ultimate design.
Operates all modes: SSB (upper
& lower), FM, AM and CW. 4 MHz
coverage (144 to 148 MHz). The
combination of this unit’'s many
exciting features with the quality
& reliability that is inherent in
Kenwood equipment is yours for
only $700.00 ppd. in U.S.A,

TS-520
BO-10M TRANSCEIVER

This brand new mobile transceiver
(TR-7400A) with the astonishing
price tag is causing quite a com-
motion. Two meters with 25W or
10W output (selectable), digital
read-out, 144 through 148 MHz
and 800 channels are some of the
features that make this such a
great buy at $399.00 ppd. in U.S.A.

Send SASE NOW for detailed info on these systems as well as on many other fine
lines. Or, better still, visit our store Monday thru Friday from 8:00 a.m. thru 5:00 p.m.

The Amateurs at Klaus Radio are here to assist you in the selection of the optimum

unit to fullfill your needs.

BLAUS RADIO ..

8400 N. Pioneer Parkway, Peoria, IL 61614
Jim Plack WONWE — Phone 309-691-4840

® The SW-5 is a heavy-duty remote
controlled RF switch. Handles 4
kW PEP with negligible insertion
loss and SWR below 30 MHz.
Housed in rugged, weather-proof
enclosure.

e Safe, low-voltage operation from
26 VDC supply in control unit.

@ Indicator lights show at a glance
which antenna is in use.

® Requires six-wire control cable.
Ham-M cable satisfactory to 150
feet.

® Models from 3 to 9 positions.
Optional connectors and special
switching systems are available.

® Five position Model SW-5 $120.00
(Shipping $3.00 in USA — IA res. add 3%)

ANTENNA MART
Box 1010 ISU Station

Ames, IA 50010
Phone: 515-292-7114

GROTH-Type
COUNTS & DISPLAYS

® 99.99 Turns
Nl @ One Hole
Panel Mount
e Handy Logging Area
e Spinner Handle Available
Case: 2x4'"; shaft %"'x3"
1V Model TC2: Skirt 2-1/8";

¢ Knob 1-5/8"
| Model TC3: Skirt 3"';
| Knob 2-3/8"

! R. H. BAUMAN SALES

P.0. Box 122, Itasca, Ill. 60143

PA/PREAMP
FOR 2M HT'S

25W OUTPUT
200MW-6W INPUT
- 20 DB RCV GAIN
$129.95

¥ If Send SASE for cat.,
_auphbRRsELAM incl. fm revrs,
xmirs, preamps, eic.

FAST MAIL & PHONE SERVICE
716-663-9254

182 BELMONT RD., ROCHESTER, NY 14612
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SPECIAL OF THE MONTH

MADE FOR HOTEL ROOM
SERVICE WAKE UP SERVICE
Here' s a parts list- All new not
used, just installed in the board,
1-1.M309K , heat sink, 2-2N5137,
5-2N3904, 2-7400, 7402,1-7403,
3-7410,1-7413, 2-7430,9-7474,
1-7486, 1-74151, 1-74154, 1-4001,
2-741CT, 5-T1P29 & 30, 1-1.M38C
AN (14), 3-MDA942-1 Bridges, |-
555 Timer, 1-OnOff 10K Vol Con
1-Fuse Block with 1 A SloBlo
1-4" Speaker 3, 2 Ohm 1 Watr,
I-Transformer 16V Pri 5V-12V
1-Thumbwheel Switch 2 Digit

12 Positions, 40 other Misc.
Weight 4 1bs

A CHALLENGE TO BUILD,

VIDEO GAME KIT
NOW 6 GAMES TO PLAY

A CHALLENGE TO PLAY.

2

S M

SRR E—

WIPE OUT | HANDBALL WIPE OUT Il

W!PE OUT the squares — 7 serves from center — 40
squares — 10 pts each square hit by ball. On each
serve square disappears when hit by ball. For 1 or 2
players
HANDBALL — You may not win but you get alot of
praclice

GRAVITY MATCH PRO MATCH MATCH

PRO-MATCH — You have 3 paddles 10 return a
almost as fast as a hockey puck

MATCH — The game that started the action.

Also a curve button while depressed sends the ball off

al a new angle

GRAVITY MATCH — You never know how high it will On screen scoring between automatic serves. 4 dil-
bounce when returning this one, ferent sounds.
VK-2-A  wi 4 130.00 VK-3 wl 2# 17.50 VK-4 wt 18 2250 VK-5-A wi 5# 17.50
P.C. Board with 78 IC's, HARDWARE KIT R.F. MODULATOR KIT POWER SUPPLY KIT
PROMS's (programmed), Controls, switches, To convert video signal for P.C. board mounting
resislors, capacitors to speaker, 22 pin edge to TV signal. Eliminates transformer, high current
stuff board for game conneclor internal T.V. wire-in Voltage Reg. capacitor

v A
Requires 5V +DC 2 Amp ViEiA, AnlennalGama:Switoh 9.50 heat sink

CLOCK KIT §|2_ 95 FTK0106 Auto Clock Kit 40.00

Jade Co will include case

ball

DIGITAL ALARM CLOCK MODULE

AT,
= Bright & Digh 0.5" LID Display

* Assemblied L Tesied Moduls
L e

* 12 Hour Formatl with PM indlcator
= 30 or 40 Mz Operution
» Powsr Pallure Indication

JADE Co

ELECTRONICS DISTRIBUTION
2007 W. CARSON (213) 320-1250

P.O. BOX 4246 TORRANCE, CA. 90510

TERMS:

Add $1.00 tor shipping plus $.85 if COD
California Residents add 6% Sales Tax

KEYBOARD

wt 6# 35.00

LUSE FOR: 5V DC Power Supply MM5316, pc bd. ,display tubes when you buy from us.
P. A, or Music QOutlet switches. erc, instructions.
Hl‘ricc: 12. 95 0T RIRT= 60 FAIRCHILD
———— | cLocK CHIPS "Vye CIL MU |[TECHNOLOGY KITS
- - o ey e = Jade Co offers all other Fairchild Technology
7400 .18 7441 .75 7496 .65 74160 . 86 Kits at published retail oric
7401 .20 7442 .44 7497 2.00 74161 .62 MICROPROCESSOR — —
7402 .20 74431.20 741001.25 74162 1.35 COMPONENTS SOLAR CELLS
:4”3 s ?“ 2445 . Rf i““: . -‘i“:‘ :‘”63 ; "ﬁ ROORB-1 8 Bit CPU 18. 95| Build your own solar powered projects —
T W e SOl B v sl Nm Improved 8008 2495 K B e outoat wires attachen . |
7405 . 2 7447 . " 7 D . . = i =
7406 .39 7448 .81 741162.00 74166 1.00 50504 &;qmr nggAMS 34. 950 gach cell has 0.45 volt output —
e 2 Nt s e S s DYNAMI : Current varies with size and light intensity —
7407 .39 7450 .20 741201.25 74167 3.00 310 64 Bit low pow 4. 45 | cells can be quartered for voltage build-up —
7408 .20 7451 ,20 74121 .34 74170 2.00 | 169 1024x1 2.50
7400 .24 7453 ,20 74122 .39 741729.72 2]0'?[!_4 4096x1 8 '00 Single 3" dia Encapsulated with wire
7410 .20 7454 .20 74123 .50 74173 1.25 82258 164 ]'m 0.45 volt 0.8 to 1.2 amp 7.50
7411 .20 7460 .20 74125 .45 74174 .85 q.:“i].. 16x1 4' .3*-) 32 ea 3" dia Encapsulated in 1 unit
7412.24 7470 120 74126 .45 74175 .75 | 07 sTATICRAMS | 14votoslol2ame S
7413 .35 7472 .23 74128 .65 74176 .85 o1 256x1 .75 ea halved 3" dia Encapsulated in 1 unit
2414 .70 7473 .26 74132 .95 74177 .85 2102 1024x! 2.00 14 volt 0.4“I0 0.6 amp 1?!.5
7416 .33 7474 120 74136 .50 74180 .75 | 25018 256xd L75 [ O a2 w0z amp o "
7417 .33 7475 .39 74141 .80 74181 2,00 | 3107 256x1 4.00 Un nted i I. £11 oni '
7420 .20 7476 .31 741424.00 74182 .90 | 7489 64 Bit R/W 2. et dawir o 0
7422 .50 74792,40 74143 4.00 741841.65 | 74200 256 Bit R/W 5.75 0.45V 0.8 10 1.2 amp 75.
7423 .28 7480 .69 741444.00 741851.30 PROMS 11 ea quartered 3" dia
7425 .24 7482 72 74145 .70 74100 1.00 | 1702A 256x8 Eras 12, 00 " 0-451\"02120 0.3 amp 27.
7426 .24 7483 .75 74147 2.30 74191 .65 | 1702AL 2568 low pow 12,00 O3 = LM Xis G
7427 .24 7485 .90 741481.75 74192 .85 8223B 39x8 3. 50 0.45V 0.1 10 0.12 amp {
7428 .40 7486 .25 T741501.00 74193 .85 | 749 287N 256x4 6. 95
7420 .40 74883.50 74151 .70 741941.20 SHIFT REGISTERS SMOIE‘E ELnEc‘rEn!‘IE?EcTon
2430 .20 74801.50 74153 .70 74195 .55 | MMS3058 1024x] Sratic 4.75
7432 .28 7400 .30 74154 .90 74196 .80 ms’i()(]'ll.ll Dual 50 4.00 | o NOT A KIT
7433 .34 7401 .65 74155 .70 74197 .83 TM\“”ZN‘{: \!?UI';‘IU!‘!:‘ 3.00 ‘ But a complete unit ready
7437 .28 7402 .39 74156 .90 741981.50 20780 TMSI0 | : to install, U, I, approved
7438 .28 7493 .30 74157 .70 741991.75 202~ AMDSIO2,151,7552-1, TM34033 [.isted by Cal, Fire Code
7439 , 36 7494 .70 74158, 75 74200 3. :_‘n \I!l\\i‘\‘::xr: .;\II:;L\;;:‘.}-H 3155, TMS1I33 . | “ $29. 95
7440 .20 7405 .50 74159 2.25 742791.75 TMS3I32  MMAD60, FSCA346 : p———
MATIONAL MAT001A

EDGE CONNECTORS

« Brightnoss Control Capabiiity $20 minimum on BofA & M.C. LED’S
* Alarm and Snoots Timers $9.9 Orders trom Foreign countries add appropriate postage TIL3C2 0.27 ChH1 1.00
+ Compeet 3.07x1.73" .95 MAN4  0.187 ChHt 2/1.00

22 Pin dual Read Out .156 Sid 2.25
50 Pin dual Read Out .125 ww 5.00

More Details? CHECK—OFF

Page 118
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BULLET
ELECTRONICS

P. 0. BOX 19442
DALLAS, TEXAS 75219
(214) 823-3240

@®NO COD’s

®ADD 5% SHIPPING

®SEND CHECK OR M.O.
®BAC or MC PHONE ORDERS

®FOREIGN ORDERS ADD 10%
(20% for Airmail)

®TX. Residents add 5% Sales Tax

®ORDERS UNDER $10. Add 60c

AUDIBLE CONTINUITY TESTER KIT

Measures continuity and resistance to
2K, Test LED's, diodes & transistors.
Less Speaker. Requires 6 to 12 volts,
(batteries not included). $1.95

‘WREBLE RLAM Kir

Emits a piercing dual tone blast that
is impossible 1o ignore. Great with
our Sender Receiver Kit. Ali com-
ponents and quality PC Board includ
ed. Speaker and power switch not
included. (3-15V) $2.50 (kit)

.mm GRANDFATHER CLOCK KITI

The most fascinating kit we have ever offered features:
swinging pendulum matches tick-tock sound* Electronic tone chimes the hour (ie:
3 times for 3 o'clock)* Quality components & 2 PC boards measuring 4.5" x 6.5"*
All CMOS IC construction* Transformer provided, no case included*

LED readouts.

*Large LED Simulated

Large 2"
$44.00 Postpaid

BULLET SUPER STAR PS-01A
well regulated triple output power supply. Gives +5VDC @
1.6A and +15 @ 150ma and —15 @ 150ma. Complete with PC Board, com-
ponents, heatsinks & quality transformer. PS—01B same as above but with
15; Please specify model number when ordering.

A compact,

+/—12 output instead of +/-

$14.95

e ey pa e

ULTRASONIG SENDER-REGEIVER KIT 13.95

A complete transmitter/receiver kit that will flood an average sized room
with 23KHZ sound and detect any movement in the area. The output is a
DC level that can be used to trigger a relay, bell or alarm, Uses 2 quality
transducers. All components & PC Board included. (Requires 9.15 VDC @

60ma | not supplied| ).

AUTOMATIC TIME OUT CIRCUIT for ultrasonic or mechanical switch
alarms. Provides a five second entry delay,

then re-arms itself. Requires 615 VDC.

POLY JACKET 60O

Call ua...

~n

sounds alarm for one minute,
$3.95

FOAM DIELECTRIC 450

SOLID ALUMINLM
OUTER SHIELD 500

50 OHM JACKETED HARDLINE

We are ready to terve you -

WIHE CONCEPTS INC.

" 201-227-1757

198 Passaic Ave.,
Fairfield, N.J. 07006

W
“?'/order now

and save

INNER CONDUCTOR
162 BCW

FOR AMATEUR USE

e very low loss per 100 ft.
e improved receiver sensitivity
.45 DB to 50 MHZ
.90 DB to 146 MHZ
1.90 DB to 450 MHZ
4.20 DB to 1296 MHZ
e longer life

SALE 45¢ per foot

PS—12 POWER SUPPLY KIT
We Guarantee vour Satisfaction'
Not only is the PS—12 able to

supply a continuous

10 AMPS

(15 AMPS intermittent) of low
ripple, regulated DC voltage, but
it is also variable from 3 to 30
volts! Use it as a building block

for

a fantastic bench supply.

We leave the chassis work up to

vou!

FEATURES:
Output adjustable
from 3 to 30
Volts DC
Adjust. Current
limiting to
amps,
Special Pre-requ-
lator circuit e
liminates need

15

KIT INCLUDES:
Transtormer
Heatsink (dnlled)
Semiconductors
diodes, transis-
tors, etc.)
All  Components
(resistors, caps)
Transistor mount-
ing hardware &

for massive heat insulators

sinks. Drilled & plated
Better than 1% PC Board

Load & Line Wire
Regulation from

0 to 15 amps $49 95
Lg:’ Ripple out- add $3.70 for
Heavy duty 10 Ib, postage

Transformer

DIPULE /ﬁHTENNh CDNHECTDR

mmmmmlmlm—qmm
2 measly $25! Standard easy-lo-find parts, log! Uses 7
segmen! LED readouts - no scarce tubes!
Mo tricky crystal ovens! Kit includes classy cabinet with
front panel. PC boards, hardware, instructions, and
diagrams. A proven design! An unbeatable ofter!
Write of call ioday! (please sdd §2 for posiage and handiing)

Huleo Box 357, Depl. 75, Provo UT B4601 (801)375-7566

—frans@ P. 0. BOX 120, ADDISON, IL 60101 1.

TransCom PL TONE ENCODERS

TWO MODELS @
TG-1 single frequency
TG-3 three frequency

Plug in type tone elements

Low distortion sinewave

Excel. temp. & freq. stability

Output level control

Immunity to RF

All EIA freq. avail. 67.0-203.5 Hz
9-16V, reverse polarity protection incl.

Wired & tested with frequency
TG-3 has 3 elements
with frequency selection switch.
TG-1 $24.95 TG-3 $56.95
residents add 595 sales tax.

element.

SYNTHESIZERS

We have the worlds largest selec-
tion of synthesizers for receivers,
transmitters and transceivers. For
complete details see our 1/3 page
ad in the April 1976 issue of this
magazine or call or write for addi-
tional information. Phone orders
accepted between 9 AM and 4 PM
EDT. (212) 468-2720

VANGUARD LABS

196-23 JAMAICA AVENUE
HOLLIS, N. Y. 11423

108 february 1977
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IF WE WERE YOU

MODEL 6154 TERMALINER

I'D BUY FROM US

YOUR INQUIRY OR ORDER WILL
GET OUR PROMPT ATTENTION

AUTHORIZED

AW DISTRIBUTOR

WEBSTER COMMUNICATIONS
115 BELLARMINE
ROCHESTER, MI 48063
313-375-0420

YOU'VE SEEN THE MAGAZINE ARTICLES

Here's what you can expect
from the DX ENGINEERING

RF Speech Processor

ﬁ 6 db INCREASE INAVERAGE —o
POWER oo IO

« MAINTAINS VOICE QUALITY "~

« IMPROVES INTELLIGIBILITY

« NO CABLES OR BENCH
SPACE REQUIRED

« EXCELLENT FOR
PHONE PATCH

]
« NO ADDITIONAL ADJUST- ' '

MENTS — MIKE GAIN ADJUSTS
CLIPPING LEVEL

« UNIQUE PLUG-IN UNIT—NO
MODIFICATIONS REQUIRED

)F‘l?\
L -
| This is RF Envelope Clipping—

— v »

=wm._ 'the feature being used in new
transmitter designs for amateur

... and military use.

Models Now Available
Collins 32S, KWM-2 . $ 98.50 ea.
Drake TR-3, TR-4, TR-6, TR-4C,

T-4, T-4X, T-4XB, T-4XC $128.50 ea.

Postpaid — Calif. Residents

add 6% Tax

Watch for other models later!

DX Engineering

1050 East Walnut, Pasadena, Calif. 91106

More Details? CHECK—OFF Page 118

—ECONOMY LINE—

(leq

The Greatest Dollar

Value in FM Transceivers !

10 Watts
for 220 MHz

NOW ONLY $165.00

including 223.50
crystals

CRYSTALS IN STOCK FOR ALL POPULAR CHANNELS

15 Watts
for 146 MHz

NOW ONLY $169.50
including 146.52 crystals

Both of these units provide 12 Channels with individual
trimmers for Receiver and Transmitter Channel Netting

Both have a big clear S Meter/RF Output Meter
Superb Receiver Sensitivity and Selectivity
Crisp, Clear Audio on Transmit and Receive

Sold only by (/49
Order direct toll free today .

MASTERCHARGE & BANKAMERICA CARDS WELCOME

(Please add 2% on credit card purchases,
we pay shipping on orders accompanied by check or money order.)

__ (legg_camssom o

208 Centerville Road, Lancaster, PA 17603
Toll free sales & services - Phone (B00) 233-0250

In Pa. call (717) 299-7221 (collect)
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Alabama

Colorado

LONG’S ELECTRONICS

3521 TENTH AVE. NORTH
BIRMINGHAM, AL 35234
800-633-3410

Call us Toll Free to place your order

C W ELECTRONIC SALES CO.
1401 BLAKE ST.

DENVER, CO 80202
303-573-1386

Rocky Mountain area’s complete
ham radio distributor.

California

C & A ELECTRONICS

2529 EAST CARSON ST.

P. 0. BOX 5232

CARSON, CA 90745
213-834-5868

Not the biggest, but the best —
since 1962.

CARSON ELECTRONICS

12010 EAST CARSON ST.
HAWAIIAN GARDENS, CA 90716
213-421-3786

Dealing exclusively in ICOM
communications equipment.

HAM RADIO OUTLET

999 HOWARD AVENUE
BURLINGAME, CA 94010
415-342-5757

Northern California’s largest
new and used ham inventory.

Florida

Ham Radio’s guide to help you find your local

Kansas

ASSOCIATED RADIO

8012 CONSER P.0.B. 4327
OVERLAND PARK, KS 66204
913-381-5901

Amateur Radio's Top Dealer.
Buy — Sell — Trade.

GRICE ELECTRONICS

320 EAST GREGORY

PENSACOLA, FL 32502
904-434-2481

Gulf Coast dealer for Atlas, Drake,
lcom, Kenwood.

Kentucky

lllinois

COHOON AMATEUR SUPPLY
HIGHWAY 475

TRENTON, KY 42286
502-886-4535

Ten-Tec dealer — Call 24 hours
for best deal

ERICKSON COMMUNICATIONS, INC.
5935 NORTH MILWAUKEE AVE.
CHICAGO, IL 60646

312-631-5181

Headquarters for all your Amateur
Radio needs.

KLAUS RADIO, INC.

8400 NORTH PIONEER PARKWAY
PEORIA, IL 61614

309-691-4840

Let us quote your Amateur needs.

Maryland

COMM CENTER, INC.

9624 FT. MEADE ROAD
LAUREL PLAZA RT. 198
LAUREL, MD 20810
301-792-0600

New & Used Amateur Equipment.
All Inquiries lnvited.

Massachusetts

M-TRON

2811 TELEGRAPH AVENUE
OAKLAND, CA 94609
415-763-6262

We service what we sell.

QUEMENT ELECTRONICS

1000 SO. BASCOM AVENUE

SAN JOSE, CA 95128
408-998-5900

Serving the world’'s Radio Amateurs
since 1933.

TOWER ELECTRONICS CORP.
24001 ALICIA PARKWAY
MISSION VIEJO, CA 92675
714-768-8900

Authorized Yaesu Sales & Service,
Mail orders welcome.

SPECTRONICS, INC.

1009 GARFIELD STREET
OAK PARK, IL 60304
312-848-6777

Chicagoland’s Amateur Radio
leader.

TUFTS RADIO ELECTRONICS
386 MAIN STREET
MEDFORD, MA 02155
617-395-8280

New England's friendliest
ham store.

Indiana

Michigan

HOOSIER ELECTRONICS

P. 0. BOX 2001

TERRE HAUTE, IN 47802
812-238-1456

Ham Headquarters of the Midwest.
Store in Meadow Shopping Center.

lowa

BOB SMITH ELECTRONICS
1226 9th AVE. NORTH
FT. DODGE, 1A 50501
515-576-3886

For an EZ deal.

RADIO SUPPLY & ENGINEERING
1207 WEST 14 MILE ROAD
CLAWSON, M| 48017
313-435-5660

10001 Chalmers, Detroit, Mi
48213, 313-371-9050.

Minnesota

ELECTRONIC CENTER, INC.
127 THIRD AVENUE NORTH
MINNEAPOLIS, MN 55401
612-371-5240

ECI is still your best buy.

Dby st Molpl ke 4ano s, LontooT Hom Ry Tty for- aomphe Tty
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Amateur Radio Dealer

Missouri

MIDCOM ELECTRONICS, INC.
2506 SO. BRENTWOOD BLVD.
ST. LOUIS, MO 63144
314-961-9990

At Midcon you can try before you
buy!

GRAND CENTRAL RADIO
124 EAST 44 STREET

NEW YORK, NY 10017
212-682-3869

Drake, Atlas, Ten-Tec, Midland,
Hy-Gain, Mosley in stock

New Hampshire

EVANS RADIO, INC.

BOX 893, RT. 3A BOW JUNCTION
CONCORD, NH 03301
603-224-9961

lcom & Yaesu dealer.

We service what we sell.

New Jersey

HARRISON

““HAM HEADQUARTERS, USA"
ROUTE 110 & SMITH STREET
FARMINGDALE, L. I, N. Y. 11735
516-293-7990

Since 1925 . . . Service, Satisfaction,
Savings. Try Us!

ATKINSON & SMITH, INC.
17 LEWIS ST.
EATONTOWN, NJ 07724
201-542-2447

Ham supplies since ‘55",

RADIO WORLD

ONEIDA COUNTY AIRPORT
TERMINAL BLDG.
ORISKANY, NY 13424
315-337-2622

New & used ham equipment.
See Warren Spindler, K21XN.

Ohio

New Mexico

HAM EQUIPMENT CENTER
6344 LINN N.E,
ALBUQUERQUE, NM 87108
505-268-1744

Serving New Mexico. Ten Tec
and Tempo Equipment

UNIVERSAL SERVICE

114 N. THIRD STREET
COLUMBUS, OH 43215
614-221-2335

Give U.S. a try when ready to buy.

Pennsylvania

ELECTRONIC EXCHANGE
136 N. MAIN STREET
SOUDERTON, PA 18964
215-723-1200

New & Used Amateur Radio
sales and service.

“HAM"” BUERGER, INC.
68 N. YORK ROAD
WILLOW GROVE, PA 19090
215-659-5900
Communications specialists.
Sales and service.

Texas

HARDIN ELECTRONICS

5635 E. ROSEDALE

FT. WORTH, TX 76112
817-461-9761

You bet Ft. Worth has a ham store!

Oklahoma

TECO ELECTRONICS SUPER STORE
1717 S. JUPITER ROAD
GARLAND, TX 75040
800-527-4642

Call Toll Free for Service Today!

New York

ADIRONDACK RADIO SUPPLY, INC.
185 W. MAIN STREET
AMSTERDAM, NY 12010
518-842-8350

Yaesu dealer for the Northeast.

CFP COMMUNICATIONS

211 NORTH MAIN STREET
HORSEHEADS, NY 14845
607-739-0187

Jim Beckett, WA2KTJ, Manager
Bryant Hozempa, WB2LVW, Sales

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.

Virginia

ARCADE ELECTRONICS

7048 COLUMBIA PIKE
ANNANDALE, VA 22003
703-256-4610 :

Serving Maryland, D.C., and Virginia
area since 1962.

Oregon

OREGON HAM SALES

409 WEST FIRST AVENUE
ALBANY, OR 97321
503-926-4591

Yaesu dealer for the Northwest.

Wisconsin

AMATEUR

ELECTRONIC SUPPLY, INC.
4828 WEST FOND du LAC AVENUE
MILWAUKEE, WI 53216
414-442-4200
Open Mon & Fri 9-9, Tues, Wed,
Thurs, 9-5:30, Sat, 9-3.
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ORDER TODAY
WRITE OR CALL

I

and HF too ... |

am-ims

Mail Orders accepted. N. Y. residents add
sales tax. See us for all your Amateur Radio
needs. SASE will get our list of used Ama-
W 1.101E TRANSCEIVER teur Equipment.

Chicago
Area
Hams!

Come in or call for the

Store Hours

"Wazkts . CF P COMMUNICATIONS — tto s

211 NORTH MAIN STREET ' Fri. & Sat. subject to
IElryavr\}tB ;ifﬁmpa |a HORSEHEADS, N. Y. 14845 EJ Hamfest. weekends

PHONE: 607-739-0187 Closed Sun. & Mon.

1
1 )
ERICKSON E vt = ETCH-IT-YOURSELF E
| } . 5 x X
COMMUNICATIONS ‘ Printed Cireuit 4
« Inexpensive multi 1 . i
tone encoder_ ! Kit i
Cash or trade deal on: . %?_m?:%-bgcwllh ! : $19.95 ¥
-CG- ! ;
e Ameco ® ASP @ Atlas * Low distortion ! ; ppd.
) sinewave i |
® Belden ® Bird ® CDE « Input 8-18 VDC | NOW YOU CAN design and produce your !
. unregulated Sxbx .8 in ! own printed circuit boards. :
® CES @ Collins ® Cushcraft « Rugged, plastic , i IT'S EASY, Photo positive method. No |
: encased with Price $19.95 ! darkroom required. i
® Data Signal ® Dentron leads » i | LESS THAN 2 HOURS to produce a p.c. !
. iustable f req. se oar irect from magazine article. I
® Drake ® ETO ® HAL ?g‘;?;so Hﬁqm tactory | KIT INCLUDES materials to make 4 p.c. |
. ilable $5.00 extra | boards direct from magazine article. !
® Hy-Gain ® [com ® KLM Ea"ﬂ"" ity bl | Add $1 for COD. S.A.S.E. for details. i
L] m[t ]
@ ] ® 1 ¢ EXCEL CIRCUITS co. |
K(:!I'IWOOd Larsen ® MFJ Send for more info lﬁ:)ducts i 4412 Fernlee 313-549-0440 |
® Midland ® Mosley e NPC r 083 Sonta Clara. CA 9505! i el o._k:_lfl_f??_; _________ _:'
® Newtronics ® Nye ;
: LOGIC PROB
® Regency ® Shure ® Swan CULLINS & MURE . b, Com ﬁethesugeatures
.  input
e Standard ® TPL ® Tempo [ e " probe tip provecied against
Collins 5151 $1295.00 s\ overvoltage
vy ® Ten-Tec ® Yaesu. .. Collins 3051 $1995.00 b :éutomah:lpglﬁ melmcnr
Collins 75538, Exc. cond. round $925.00 ORDER TODAY — | SoUnts =€ 22 18 e
\ Collins 312B4, Exc. cond. round $250.00 ONLY $24.95 = Use inalmost any logic system
N Touhy Collins CP-1, crystal Pack $250.00 L.S.l., Box7197, univ. Sta., Provo, Utah 84602
Collins 51J4, with cab. $645.00
Robot Slo-Scan mdl 70 rec/xtr  $450.00
L]
1 %, & sk o, S et e Gl MORSE TIME GENERATOR
‘%@ w Hundreds of Test items also available. RR ea——
—r— < Devon Calllior specific requirements, or write for free son B - $289
catalog.
E SENDS 24 HOUR TIME IN PERFECT MORSE CODE
< - DAMES COMMUNICATION SYSTEMS VARIABLE SPEED AND MONITOR FREQUENCY
I B 201-998-4256 TTE b Chs o MOBGL, 22008, BALETTS.
= 10 SCHUYLER AVENUE EQUINOX CORPORATION
—---?94—-"" NORTH ARLINGTON, N. J. 07032 BOX 13292 ST. PETERSBURG, FLA, 11711 TEL 811/B66-6211
ERICKSON
“5935 MILWAUKEE
N -__ﬂ-
. ey wmeja =
T SOLID STATE F.._,_ A

Hours: 9:30-9 Mon. & Thurs, + BROADCAST QUALITY
9:30-5:30 Tues, Wed. & Fri. PERFORMANCE

9-3 Sat. — e
= - FOR TECHNICAL DATA . @ =L

ERICKSON AND PRICING,
COMMUNICATIONS WRITE TO: AM-1A RCVR MODEM

5935 N. Milwaukee Ave.
Chicago, IL 60646

(312) 631-5181 / APTRON LABORATORIES eox 323, sBLOOMINGTON, IN 47401

112 february 1977 More Details? CHECK—OFF Page 118
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ki Zph

Econo-line

« Quality for an Economy Price
[ * Solid State Construction

* Linear Switch (FM/SSB)
* Broad Band

[I| Model Input Qutput Typical Frequency Price
| 702 10W-20W 50W-30W 10W in/70W out 143-149MHz $139.00
702B 1W- 5W 60W-80W 1Win/70Wout 143-149MHz $169.00 |
| Now get TPL COMMUNICATIONS quality and
reliability at an economy price. The solid state construc- |
tion, featuring magnetically coupled transistors and a
floating ground, gives you an electronically protected
amphifier that should last and last i‘
The Linear Bias Switch allows you to operate on either
|| FM or SSB. The 702 and 702B are exceptionally well
Il suited for 2-meter SSB. Typical power outpul levels as
high as 100W PEP can be achieved with the proper drive.
The broad band frequency range means that your
amplifier is immediately ready to use. No tuning is
required for the entire 2-meter band and adjacent MARS
channels on TPL's new Eeono-line
| See these great new additions to the TPL COM-
MUNICATIONS product line at your favorite radio dealer.

| Call or write for prices and infor-

mation on TPL's complete line of
P amateur and commercial amplifiers
COMMUNICATIONS INC.
1324 W, 135TH ST., GARDENA, CA 90247 +(213) 538. 9814

Canodo: A.C.Simmonds & Sons Ltd., 285 Yorkland Blvd., Willowdale, Ontario M2J 158
Export - EMEC Inc., 2350 South 30th Avenue, Hallondale, Flo.

GREGORY ELECTRONICS
The FM Used

Equipment People.

Here Are Just A Few Lines

From Our ’77 Best Seller!
USED G.E. ACCESSORIES

MASTR Power Speakers #4EZ18A10 $25.
MASTR Control Cable #19C303626G1 $15.
MASTR Power Cable #19C303601G2 $10.
MASTR Transmit Encoder Boards #19C303466 (less rese.lds}

MASTR Receiver Decoder Boards #19C303550 (less Reed)
$20.

PROGRESS LINE Control Cable #748794 $10.
PROGRESS LINE Power Cable #7147299 $5.
PROGRESS LINE BASKET, front plate, and cover 14", 17",
20" $10.
PROGRESS LINE control heads (less mike, less brac::;(i}}

FOR THE WHOLE STORY SEND FOR
A FREE COPY OF OUR ’77 CATALOG.

- GREGORY ELECTRONICS CORP.

245 Rt. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000

More Details? CHECK—OFF Page 118
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CRYSTAL FILTERS and DISCRIMINATORS
9.0 MHz FILTERS

2.5 kHz  SSB TX $31.95

2.4 kHz  SSB RX/TX

3.75 kHz  AM

50 kHz  AM :

12.0 kHz ~ NBFM $48.95 Export
0.5 kHz CW (4 pole) $34.25 fr
0.5 kHz  CW (8 pole) $63.95 Inquiries

9.0 MHz CRYSTALS (Hc25/u) Invited

§;gg? ?Dgo.g kHz Casrrier

8998.5 kHz USB . ¢ i
XF902  9001.5 kHz  LSB : Shipping
XF903 8999.0 kHz  BFO : $1.25
F-05 Hec25/u Socket

9.0 MHz DISCRIMINATORS per filter
XD9-.01  + 5 kHz  RTTY $24.10
XD9.02 +10 kHz NBFM 24,10
XD9.03  +12 kHz  NBFM 24.10

146 MHz <€—>> 440 MHz FM TRANSVERTER

Use your 2 meter Transceiver on the 440
MHz “band with addition of the FMt440
TRANSVERTER. No changes needed to your
. 2 meter transceiver., Connect FMt440 in
place of regular 2 meter antenna. Switch
selected band changeover. Write for appli-
cation note.
FMt440 Specifications:
2 meter Drive Power 30 W max
440 MHz Sensitivity 0.5.Volt
Frequency Ranges 144 - 150 MHz
430-450 MHz
Price: $174.95 Repeater Groups write for terms
Shipping $3.50 Application Note available free

3ot X  ANTENNAS

144-148 MHz

Model BXY/2M $39.95
Gain 9.5dB in each plane, 5001 feed. fOl'

For OSCAR communications add

Circular polarization harness, PMH/2C  $9.70 cw AM
Also available for 2 meters: FM SSB
8 over 8 J-Slot, Model DB/2M $39.95

8 by B vertical pol. D8/2M-vert. $48.70 OSCAR
(See our ad, October 1976, for details of DB/2M)

420-450 MHz

48 element J-Beam MULTIBEAM
Gain 415.7 dBd. Feed 509 coaxial.
Model 70/MBM48 $49.95

Shipping: Antennas FOB Concord, Mass. via UPS.
Write direct for Polar plots, Gain & VSWR curves,

Send 26¢ (2 stamps) for full line catalogue of KVG crystal products and
all your VHF & UHF equipment requirements.
Pre-Selector Filters Pre-Amplifiers
Varactor Triplers Crystal Filters

Decade Pre-Scalers Frequency Meters
Antennas Oscillator Crystals
NEWS ITEM: All Microwave Modules, J-Beam prices reduced, due o the
low exchange rate of the Pound!

SSB Transverters
FM Transverters
VHF Converters

Spectrum
International, Inc.
Post Office Box 1084
, Mass. 01742, USA
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NORTH SHORE

RF | TECHNoLOGY

DUPLEXER &
CAVITY
KITS.

Now

available
for you
fully assembled
and tuned!

® UPGRADE YOUR REPEATER WITH
A RF TECHNOLOGY DUPLEXER.

®ALL DUPLEXERS AND CAVITIES
ARE TEMPERATURE COMPEN-
SATED WITH INVAR® AND MEET
ALL COMMERCIAL STANDARDS

e ONLY TOP QUALITY MATERIALS
GO INTO OUR PRODUCTS.

e BOTH KITS & ASSEMBLED DU-
PLEXERS AND CAVITIES ARE
AVAILABLE TO YOU AT A SAVINGS
TO YOU.

Mod. 62-3...6 cav., 2 mtr., insertion
loss 0.6 db with isolation 100 db
typical; pwr. 350 w. Kit $349
ea.-Assembled $439.

Mod. 4220-3...4 cav. 220 MHz
insertion loss 0.6 db with 80 db
isolation typical; pwr. 350 w. Kit
$249 ea. - Assembled $329.

Mod. 4440-3...4 cav. 440 MHz,
insertion loss 0.6 db with 80 db
isolation typical; pwr. 350 w. Kits
$249 ea. - Assembled $329.

Mod. 30 Cavity Kits: 2 mtr. $65 ea.,
220 MHz $65 ea., 440 MHz $65 ea.,;
6 mtr. $115 ea. Add $15 for
Assembled Kit.

Also available: 6 mtr., 4 cav. Kit
$399-Assembled $499, 2 mtr. 4 cav.
Kit $249-Assembled $329, 440 MHz
TV Repeater Duplexer

Only hand tools are necessary to
assemble Kits!

Send your order to: Distributor:
TUFTS RADIO, 386 Main St.,
Medford, Mass. 02155. Phone (617)
395-8280.

(Prices F.O.B. Medford, Mass. All units can be
shipped UP.5.-C.O.D. orders require $50
deposit. —Mass. residents add 5% sales lax.)

114 february 1977
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The
DRAKE

TV-3300-LP

Low Pass

HITER

For use from
160 meters
through

10 meters.

Be=|1erA MouseTrap’

in’rheTVI fight!

Rating — 1 kW DC.

The new Low Pass Filter is more than 80 dB down at 41 MHz
and above! This is the third harmonic of 20 meters and the
second harmonic of 15 meters—it's also the |.F. frequency for
TV! e The popular TV-5200-LP provides for low power oper-
ation on 6 meters and thus cannot roll-off below 52 MHz.

Now in stock at your dealer.

To receive a FREE Drake Full Line Catalog,
send name and date of this publication to

r.L.oRAKE company (< [IITH,

540 Richard St., Miamisburg, Ohio 45342 e Phone: (513) 866-2421 » Telex: 288-017
e Western Sales and Service Center, 2020 Western Street, Las Vegas, Nevada 89102 = 702/382-9470

RSGB RADIO
announces the COMMUNICATIONS

NEW Fifth Edition of the. HANDBOOK

First published in 1938, the Radio Communication Handbook is the world's
largest and most comprehensive textbook on the theory and practice of
amateur radio. The test has been completely revised and reset for this fifth
edition, and chapters on image and satellite communication have been
added which reflect the current interest in these fields. Although written
primarily for the amateur radio operator, the authoritative treatment of the
subject matter will also ensure that the book finds a place on the shelf of the
professional radio engineer.

Volume Il Available around April 1, 1977
Volume 2 completes the Handbook

Volume 1 Chapter titles are as follows

Chapter titles in Volume 1 are as follows 11. PROPAGATION

12 HF AERIALS

1= PRINGIFLES 13 VHF AND UHF AERIALS
2 ELECTRONIC TUBES AND VALVES 14 MOBILE AND PORTABLE EQUIPMENT
3 SEMICONDUGTORS 15 NOISE
16. POWER SUPPLIES
1..HF FIECEIVERS 17. INTERFERENCE
5 VHF AND UHF RECEIVERS 18. MEASUREMENTS
6 HF TRANSMITTERS 19 OPERATING TECHNIQUE AND STATION
2 LAYOUT
rEFARERHE TSR RS 20 AMATEUR SATELLITE COMMUNICATION
8. KEYING AND BREAK-IN 21 IMAGE COMMUNICATION
9. MODULATION SYSTEMS 22 THE RSGB AND THE RADIO AMATEUR
10 RTTY 23 GENERAL DATA

Order AS-RCHI §18.95

Order RS-RCH?2 $16.50

M Order Volumes | and |l now and save a whopping 10%, both for only $31.90. We'll
~__~7 ship volume | right now and when Volume |l is available it will be rushed to you!
Order today' Available only from HAM RADIO

ham radio communications bookstore
GREENVILLE, NH 03048 Call Toll Free 800-258-5353

More Details? CHECK—OFF Page 118



LgbsGer save:

radio, inc.

You can really “ham” it up with
our great line of transceivers!

The T5-520 PKENWOOD $629.

Transceiver. Solid state B0 thru 10 meters.

The FT-620B YAESU Transceiver
Solid state 6 meters SSB $449.
CTC UMF/VHF
POWER TRANSISTORS FOR AMATEUR USE

1101 UNDERWOOD CAPACITORS
I Check or M O weth order
ord 7 W 2 Bank Americard or Mastercharge
E 3 C.O.D. (20% deposit. please)

Write far FAEE brochures and particulars on all models

760? E. Ashlan
E s Er , CA 93726

radio, inc Phone (209)224-5111

er Durf‘ t

NEW ELECTRONIC PARTS

Resistors Maeters LED Displays Fuses
Capacitors Switches  Proto Boards  IC sockers
Diodes Doty Boxes Mod U Line  Test Clips
Trimpots Transstors Hardware And much morne

SASE brings our new parts catalog

NuData Electronics

104 N [MERSON 41 MOUNT PROSPECT. ILLINOIS &0O%&

A SUPER BOOK ABOUT SUPER-DX

LN
— “A GREAT book *
]luu Middelton WTZC

“So d' elightful 1 couldn’t put it down!"
Richard Peterson RADIO OBSERVER

“Charming, lively, entertaining.”
Hon Bracewell SPECTRUM magazine

5
i
H
H
H
:
i
3
s
o
3
s
]
3

“Spellbinding! I couldn’t put it down until I finished!”
Keith Carver WSRYY

Searching around the clock for intelligent signals from
space at one of the world’s largest cosmic listening
posts. Science fact which reads like science fiction.

J°|I1(l:aus W8BUK EAR
228 poges 50 illustrotions

Cygnus Quasar Books, Box 85, Powell, Ohio 43065
$3.25 paper, $6.25 hard, postpaid

More Details? CHECK—OFF Page 118

. - Arnzona Reudents
, 2 1 W, 2
ALL PRODUCTS FULLY ASSEMELED, TESTED AND WARRANTED § 5% S Tax

COMPETITIVELY PRICED! pucesmcume aut rostace rerswims o awoune

|-p|:\\:m Output Walls
; ﬁ z Min,__Typical

$49.95 §32.95 539.95
EPC-300 EPC-144-B LA-144
300 MHZ Prescaler 2 Meter FM Transmitter 30 Watt 2 Meter Power Amplifier
Built-In 117 vac 60 HZ power supply o 2 Channels, 144-148 MHZ o Frequency range |44-148 MHZ

min @ 12,5V o Maximum RF input power 5 watts
50 ohm output impedance Supply voltage 13.6 VDC
Narrow band FM + § KHZ Small size | 7/8" wx 5/8" hx 34" L

o

© Size 3W"wx 24" hxd4"L o Power Output 2 watts typical, | watt o Maximum RF output power 30 watts
DC

o

BNC input, output connectors
o Input impedance = 50 ochms
o Output TTL, Fan out of |
o Sensitivity 14 mv @ 150 MHZ, Rugged balanced cmitier oulpul Virtually burn-out proof balanced
150 mv @ 300 MHZ R emitter outpul transistor
Small size 1 7/8" wx 1" h x 34" L Fully compatable with the EPC-144-B
50 ohm input & output impedance

Elprocon Sold as a fully tested & assembled
Send Self-Addressed Stamped ELECTRONIC PROTOTYPE CONSULTANTS circuit board less case, connectors
Envelope For More Information 1907 W. Campbell / Phoenix, Arizona 85015 and heat sink

} Without our software,
l we’re just another flasher.|

worth a dime if you can't make only $423 in kit form, including all
it work. Even E&L's Mini-Micro- software and teaching material.
designer would be just a "light And now it's available locally from
flasher" if it weren't for our soft- your nearest computer store. Stop
ware system. in today and get the whole picture.
But the fact is that our tutorial soft- MMD-1. The finest microcomputer
ware is the best in the business. system on the market.

Not just a pathetic rehash of chip m]
manufacturers’ specifications. But .

a clearly written, step-by-step in- |
struction that teaches you all about

the microcomputer. How to pro- E&L INSTRUMENTS, INC.
gram it, how to interface it, how to 61 First Street, Derby, Conn. 06418

expand it. (203) 735-8774 Telex No. 96 3536
The teaching material 1s written by s - T
-\

Rony/Larsen/Titus (authors of the Dealer inquiries invited.
famous Bugbooks). It's called Bug-

book V. And it teaches through ex- >
periments designed specifically to

get you up to speed on our Mini-

Microcomputer (MMD-1). And you

don't need any prior knowledge of S
digital electronics! (

I Let's face it. No microcomputer is The best news? E&L's MMD-1 costs

D Gr
february 1977 [& 115



ADVA

ADD $1.25 FOR

TMAIL WOW! FREE DATA SHEETS wopled wih mamy ey from thic sd FHEL ON

Sert 1 st

o 2 3% e 18 i oo 1 pentogs GO0 rier- s Mo mvinhew | Tel. (415) 851-0455

POSTAGE/HANDLING  |[1mmn e

1N W | T2 VI | Iealme LR LAl LR T n
1N600 A | TN o | I L0 (MPSESIE LB | LMTORCN n
TABR1Y 11 | T |Tmam 81 sE1001 A | LTS m
L 12781 | s e el Ll wm | (Ll w

TEAME Sersl chus oo money i (U5 ol with ordes e jury 1ot Clans postage o U 5 Box 4181 0, WOODSIDE, CA 94062 RCAYBMTE Dual Tracking Regulator *0.2 to 30V @ 200mA TO 66

[ IC or FET's WITH

| $5 & $10 ORDERS.1

[ DATA SHEETS
WITH MANY ITEMS

DIODES | TRANSISTORS | TRANSISTORS | TRAMSISTORS | LINEAR ICs
ZENERS & rwree  sod [ neeem MBI [IwsEd UT) LMDAORS  310s

KIT $11%°

ASSEMBLED $17.95

RECTIFIERS | rwria B0TH | TSRS IO LmeET S LT
I N R [CAA B LMODMETE 1T
T e L (CPOSEt SR LMMMOT 1T LTS
e ECL w11 | orest B LMOMT IR LTS
TN i an AT LT M 108

1 nn 81| LM 5
NS nm o151 (K2 T
INYIA e | NI W (1T im0
e AT L] e R T T L)
I INIIIIA® W1 | TNOR) 0 e i WESSEA 080

14001 11731 | INIRORA M| 2nane 0 | L0 AT e
TR0 V2S1 (NPT W) [IWAAIEA  SRBO(SENND AT LMMICH LS

[ ] i i 1 44 .
Continuously Variable from 2V to over 15V tatim 1o [ | e w3
. s LT 1 10081 | INISE4 0 LeMrcs 2]
® ShOI’t-CIrCUIt PrOOf - wu!;wm:u U L
AL LML 1IN | rencs mir 1
® T 'ca' R I t' f 0 1% roke i i SRR el n forer i S
ypl eguiation o . et PV hoea s weses  am :m’:‘:‘l‘ AT T
- - . - Lesi] 19731 | IN0841 T wsee wm LNt 1m
® Electronic Current Limiting at 300mA o L B
- LR ot L)
Nm 1IN b |
e Very Low Output Ripple W i e
-4 JEL RN s L% 1)
m ENTATIN
® Fiberglass PC Board Mounts All Components oW s SN
IVIRIUIIRS (s L meier 00
- INSIM e TN L] 180 "
@ Assemble in about One Hour i Dlammn sae | 2es2i0 :q-f:::':: i 150
e 58 | 2M0A27 8 [ 2M300 m| 1 RCAIMTE® 250
| 7 a3, | o o | IWsN) 5158 L | . m
® Makes a Great Bench or Lab Power Supply |Game Wlweh mih ONlmee <3l is
L UL H] INI9O] 1" Pt 1731 [ LMasie 7 Lmazsace 100
® Includes All Components except Case and Meters i (V9 o o35
: MV 1. - e 500 | rNbass PG AR ] B0 | WhERAY bl
| vieer | Ar0 INss4)  EIBR LMODOKS ) mesut V1%
MORE SPECIALS: - | mvazen |aawse  r0n NSSAE 240 [LMIZOKIT 136 (MNPt 378
! 3 | ‘
OTHER ADVA KITS: RCA1950N 15V @ 50mA VOLTAGE REGULATOR IC. Very sasy to [ Wlawwrs  voolwsser s loms s lownsar m
” 1T~ Use. with CMOS, TTL. ‘DT : g wse Makes 3 nest Mighly Regulsted 15V Supply for OF AMP'Y, stc _ —
il ki i . Requires ooy, wieagulsied OC. (18-30V]. nd 2 typass capeeitors. -~ P
i tww wal LED e i Cormpilete bt mciud cam aved g ety . ki TTRSLCS. PN e
T POt TG POEn At T e pondl, s o iy LM7A1 FREQ COMPENSATED OP AMP. LA741, MC1741,sic mDIF 5/81 SUPER SPECIALS:
- Cowngact wie sty " o 0f 0 5% maks e ddesl bor ol Bectsane - MP mDIP /
o, A e Bt  S00mA ¥ B S00mA, W B SOIA, 17V & 400mA, 15V & RCA4558 DUAL 741 OF AMP mDIP 351 | INDY4 100V/10mA Diode  20/S1 | MPF102 200MMe HF Amp 381
WA Ty Py v age wen e e g LR T 2NI904 NPN TRANSISTOR AMPLIFIER/SWITCH 1o 50 mA 100  6/81 | IN4DOY 100V/1A Rect 1581 40673 MOSFET RF Amp 175
ZENERS-Specily Voltage 33,39 43, 51 68 82 400mW 45100 1N4154 30V 1N914 25/81  LMI24 Quad 741 Op Amgp 94
Thow o 1o an e bty e 1 oo e o ot ruct s avel platel W "
e B e N vy UK 91,10, 12, 15, 16, 18, 20, 22, 24,27, o 33V (1 10%) 1 Wamt 35100 | BR1 50V %A Bricge Finc /51 LM376 Pos Volt Reg mDIP 55
ot age sred harutieny . | 2N2Z22A NPN Tranustor 651 NESSS Timer miDIP 281
W ® MONEY-BACK GUARANTEE | 282007 PNP Teansistor 6/51 LM723 237V Heg DIF s
® ALL TESTED AND GUARANTEED | 23055 Puwer Xistor 10A 69 | LM741 Comp Up Amp mDIF  4/81

T M1 Op ol odior ot o 5 it 2ZNIS04 NPN Amp/Sw 1100 6/51 | LM1A5E Dual 741 mDIP s
FET sl et ot HAT0 s e o it 177, G e o e e, | 213906 PNP Amp/Sw (100 6/S1 | CAJOB65 Tram Airay DIP 55
ORDER TODAY Al ey mileet 1o proor aale sl pracey mibier? 10 chasms wilthamt et s CPES0 Power FET “WAmp $5  ACA195DN - 15V /S0mA mDIPF 126
Al e gre rem merphat gt 100N functonatly tevied
WRITE FOR FREE CATALOG #78 offering owr J50 wmaneducon mmed o oo E LECTHONICS RF391 AF Power Amp Transistor 10 25W @ 3.30MH: TO.3 55.00

556X Tomer 1uas-The Difterent pinout from 555 (w/datal s

5250
RCA195TK Dual Tracking Asgulator * 15V & 100mA (TO 66) $2.25
BO38 Wirvetorm Generator Wirve With Cireunts & Data 5178

Binaural Synthesizer-Filter
With TONE-TAG  woor

AND WE STILL OFFER THE BI-5YN
400 - WHICH CAN BE EXPANDED
TO THE 1100 FUNCTIONS -

ALSO - BASIC PC BOARDS OR
ASSEMBLED AND TESTED UNITS

OR, IF YOU PREFER TO DEVELOP

YOUR OWN CIRCUITS, YOU'LL

ENJOY USING QUICK-OP®
OMLY $14.95 eo.

See hom rodio mogazine articles on Nov. 75 and Nov, 76

Model 1100, self-contoined - $86.00 , less botterien
{uses economical "D cells, B ea.)
Model 1100 with economy AC supply - $96.00 ppd

(wall transformer and regulater)

HILDRETH ENGINEERING, P.O.BOX 60003
SUNNYVALE, CALIFORNIA 94088

TONE ENCODER PAD  wooei rreas
® A Better Keyboard $54-95

@ Output Level Set Pot
@ Crystal Controlled-Digitally POSTPAID
Synthesized Tones IN U.S.A.
® Strapping for Hi-Low Z Output
® [nternal 5 V. Regulator
Supply Voltage Range 7 to 24 V.
® RFI Suppression
@ Velcro and Case Included
@ Size 2.80 - 2.00 - 0.60 Inches

CLEMNG ELECTRONICS CO.

BOX 12171 — DALLAS, TEXAS 75225

TEXAS RESIDENTS
ADD 5% SALES TAX

CHECK OR M.O.
WRITE FOR BROCHURE ON
AUTOMATIC UNIT ATD-30

SST T-1 RANDOM WIRE ANTENNA TUNER

All band opetation (160 10 meters) with
most any random length wire 200 watt
outpnal povwer capabilay Idesl for pos bl
o home operation Tomsd inductos Tor
wmall e 3w 4974 & 230 Buittan neon
wneup indicator S0-239 coan connector
Guarsnieed tor 1 yr., 10 day 1l Compact

ooy 10 use  only 52995 posipaid. | Add
Sales Tan in Calif ) 1213 1765887

SST ELECTRONICS, P.O. BOX 1, LAWNDALE, CA. 90260

MIL&TARY

SURPLUS WANTED
Space buys more and pays more. High-
esl 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

FREE CATALOG

Send for our free catalog listing hundreds
of bargains on nicads, IC's, transistors,
digital thermometers, clocks, ultrasonics,
strobe lights, kits, crystals, resistors,
capacitors, etc.

SPECIAL . . . Intrusion Detector . . .
Sounds alarm, turns light on. Wired. You
supply it with 12v AC/DC and connect
your lights or alarm to relay contacts

(rated 115v, 5A) . ............ ONly $15.95

Please add $1.00 shipping/handling. Colorado res.

add 39 tax.

|m

) b

P. 0. Box 27038 = Denver, Colorado 80227
303-973-1052
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MICROPROCESSORS ANYONE ?

Microcomputer Primer

by Michael Pardee and Mitchell Waite
For the beginner in the field of small computers, this book lays the foundation for further study
of microcomputers. It explores all the basic concepts and characteristics of microcomputers:
central processing units, memories, input/output devices and interfaces, software, hardware,
programming techniques, and number systems. Attractively illustrated with cartoons, line
drawings, and photographs.

Order 21404 Just §7.95

BUGBOOKS | and Il

by Peter R. Rony, David 6. Larsen. WB 4HYJ
Sold as a set these two books outline over 90 experiments designed to teach the reader all he will need to know
about TTL logic chips to use them in conjunction with microprocessor systems. You'll learn about the basic
concepts of digital electronics including gates, flip-flops, latches, buses, decoders, multiplexers, demultiplex-
ers, LED displays, RAM's, ROM's, and much, much more

Order BB-12 Only $17.00 per set

BUGBOOK lla

by Peter R. Rony. David 6. Larsen, WB4HYJ
This volume will introduce you to the fabulous UART chip — that all important interface between dala terminals,
elc., and your microcomputer. It also covers current loops, and the RS 232C interface standard Particularly
recommended for any RTTY enthusiast

Order BB-2A Only $5.00
[ e e e i e ) |
BUGBOOK IlI

by Peter R. Rony. David 6. Larsen, WB4HYJ, Jonathan A. Titus
Here is the book that puts it all together. Besides having much valuable tex! there are a series of experiments in
which the reader completely explores the 8080 chip pin by pin and introduces you to the Mark BO
microcomputer, a unique easily interfaced system. It is recommended that you have the background of the
BUGBOOKS | & Il betore proceeding with BUGBOOK 111

Order BB-3 Only $15.00

THE 555 TIMER APPLICATIONS SOURCEBOOK WITH EXPERIMENTS

by Howard M. Berlin. KINEZ
The first book 1n a new series of texts and experimental manuals to be issued by E & L Instruments, Inc. in cooperation with
Larsen & Rony, authors of the famous Bugbooks.
This book is the first of its kind and shows you what the 555 timer is and how to use it. Included are over 100 various design
techniques, equalions and graphs to create "ready-lto-go” limers, generalors, power supplies, measurement and control
circuits, party games, circuits for the home and automobile, photography, music and Amateur Radio. In addition,
experiments are included to gain experience with the timer, demonstrating many features and applications. most of which
can be constructed in a few minutes on one of the recommended breadboarding devices

Order BB-555 - $6.95

HOW TO BUY AND USE MINI-COMPUTERS AND MICROCOMPUTERS

by William Barden, Jr.

“l This book explains the basics of mini-computers and microcomputers, their hardware and
software, the peripheral devices available, and the various programming languages and
techniques. The last two chapters (RLC) provide detailed descriptions of currently available
mini-computers and microcomputers so that you can decide which system best suits your

needs .
,{P’ Order 21351 Only $9.95

ORDER FROM

ham radio’s communications bookstore

GREENVILLE, NH 03048 ———
Call Toll Free 800-258-5353 please

More Details? CHECK—OFF Page 118 february 1977 [§ 117
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Respected worldwide as
the only complete authority
for radio amateur

QSL and QTH information.

The U. S. Callbook has nearly
300,000 W & K listings. It lists
calls, license classes, names
and addresses plus the many
valuable back-up charts and
references you come to expect
from the Callbook.

Specialize in DX? Then you're
looking for the Foreign Callbook
with almost 235,000 calls,
names and addresses of ama-
teurs outside of the USA.

U.S. Callbook $14.95
Foreign Callbook $13.95

Order from your favorite elec-

tronics dealer or direct from the
publisher. All direct orders add

(YF1 Y | S—— $1.25 for shipping. lllinois residents
add 59, Sales Tax.
(o R,
RADIO nMMEUH
STREET .
i "bﬂﬂl( INC
(515 o 2 hnept. £ 925 Sherwood Drive
Lake Bluff, I1l. 60044
STATE ... ZIP....
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Call toll-free 800'647'8660

for products by MFJ ENTERPRISES

400% MORE RF POWER
PLUGS BETWEEN YOUR MICROPHONE AND TRANSMITTER

LSP-520BX. 30 db dynamic range IC log amp and 3
active filters give clean audio. RF protected. 9 V
battery. 3 conductor, %" phone jacks for input
and output, 2-3/16 x 3-1/4 x 4 inches.

$5995

Same as LSP-520BX but in a

LSP-520BX 1.
beautiful 2-1/8 x 3-5/8 x 5-9/16 inch Ten-Tec
enclosure with uncommitted 4 pin Mic jack,
output cable, rotary function switch

SUPER LOGARITHMIC
SPEECH PROCESSOR
Up To 400% More RF Power is
yours with this plug-in unit. Simply
plug the MFJ Super Logarithmic
Speech Processor between your
microphone and transmitter and
your voice is suddenly transformed
from a whisper to a Dynamic
Output.
Your signal is full of punch with
power to slice through QRM and
you go from barely readable to

i) I’ $2795

CWF-2BX Super CW Filter

By far the leader. Over 5000 in use. Razor sharp
selectivity. 80 Hz bandwidth, extremely steep
akirls No rlnging Plugs between receiver and
audio stage for

spaalm ouornilon

« Selectable BW: 80, 110, 180 Hz « 60 dB down
one octave from center freq. of 750 Hz for 80 Hz
BW e Reduces noise 15 dB e 9 V battery
e 2-3/16 x 3-1/4 x 4 in. e CWF-2PC, wired PC
board, $18.95 « CWF-2PCK, kit PC board $15.95

_L 54995

CMOS-8043 Electronic Keyer

State of the art design uses CURTIS-8043
Keyer-on-a-chip.

e Built-in Key e Dot memory e lambic opera-
tion with external squeeze key « B to 50
WPM » Sidetone and speaker e Speed, vol-
ume, tone, weight controls e Ultra reliable solid
state keying +300 volts max. e 4 position
switch for TUNE, OFF, ON, SIDETONE OFF
s Uses 4 penlight cells e 2-3/16 x 3-1/4 x 4
inches

‘39"

NEW

MFJ-16010 Antenna Tuner

Now you can operate all band — 160 thru 10
Meters — with a single random wire and run your
full transceiver power output — up to 200 watts
RF power OUTPUT.

« Small enough to carry in your hip pocket,
2-3/16 x 3-1/4 x 4 inches e Matches low and
high impedances by interchanging input and
output e S0-239 coaxial connectors e Unigque
wide range, high performance, 12 position tapped
inductor. Uses two stacked toroid cores

| 29%

Dramatically improves readability.

« Optimizes your audio to reduce sideband
splatter, remove low and high pitched QRM, hiss,
static crashes, background noise, 60 and 120 Hz
hum e Reduces fatique during contest, DX, and
ragchewing e Plugs between phones and re-
ceiver or connect between audio stage for speaker
» Selectable bandwidth IC active

MFJ-200BX Frequency Standard

rkers every 100, 50, or
25 KHz well Inlo VHF region.

e Exclusive circuitry suppresses all unwanted
markers e Markers are gated for positive identi-
fication. CMOS IC's with transistor output. e No
direct connection necessary e Uses 9 volt
o Adjustable trimmer for zero beating to

MFJ-1030BX Receiver Preselector

ble signals (i

Clearly copy weak

signal 3 to 5 “S" units).
e More than 20 dB low noise gain e Separate
input and output tuning controls give maximum
gain and RF selectivity to significantly reject
out-of-band signals and reduce image responses
» Dual gate MOS FET for low noise, strong signal
handling abilities « Completely stable » Op-

operation battery
audio filter e Uses 9 volt battery e 2-3/16 x [ WWV e Switch selects 100, 50, 25 KHz or OFF | timized for 10 thru 30 MHz e 9 V battery
3-1/4 x 4 inches e 2-3/16 x 3-1/4 x 4 inches e 2-1/8 x 3-5/B x 5-9/16 inches

OUR OFFER TO YOU

27"

MFJ-40T QRP Transmitter

Work the world with 5 watts on 40 Meter CW.
e No tuning e Matches 50 ohm load e Clean
output with low harmonic content e Power
amplifier transistor protected against burnout
» Switch selects 3 crystals or VFO input e 12
VDC e 2-3/16 x 3-1/4 x 4 inches

MFJ-40V, Companion VFO ............. $27.95
MFJ-12DC, IC Regulated Power Supply,
1amp, 12VDE ..vevmemrssmmey raes 7.95

$‘|595

NEW

CPO-555 Code Oscillator

For the Newcomer to leam the Morse code.
For the Old Timer to polish his fist.
For the Code Instructor to teach his classes.

¢ Send crisp clear code with plenty of volume for
classroom use e Self contained speaker, vol-
ume, tone controls, aluminum cabinet e 9 V
battery e Top quality U.S. construction e Uses
555 IC timer e 2-3/16 x 3-1/4 x 4 inches

TK-555, Optional Telegraph Key $1.95

Dear Fellow Ham,

Try any MFJ products and if you are not
completely satisfied, return it within 30 days for a
full prompt refund (less shipping). Call us today
toll free BOO-B47-8660 and charge your Bank-
Americard or Master Charge, or mail your order
in today with your check or money order (or use
your BAC or MC). Please add $2.00 for shipping
and handling.

73, Martin F. Jue, K5FLU

ORDER TODAY. MONEY BACK IF NOT DELIGHTED. ONE YEAR UNCONDITIONAL GUARANTEE.
Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On e &S

MFJ ENTERPRISES

P. 0. BOX 494
MISSISSIPPI STATE, MISSISSIPPI 39762




Call

1-800-633-3410
for Kenwood"

*and CDE, Chushcraft, Dentron, Drake, HyGain, ICOM, New-

tronics, NPC, Regency, Rohn, Spec Comm, TPL, and Tristao.

2w FM TRANSCEIVER MHE o oo

Lot O uon

100 kM 0w
y WM L ]
L]

.‘e

KENWOOD TR-7400A 2m FM transceiver

Has provisions for CTCS, encode and decode ¢ Can achieve
tone burst operation with added TBM's ® Front switch selects
squelch system you desire ® High power 25 watts RF output ®
Solid-state final stage ® LED digital frequency indicator display
PLL provides 800 discrete channels at 10 kHz intervals ® Final
protection circuit ® Excellent output signal, 2nd & 3rd harmonics
better than - 60 dB ® PLL unlock protection circuit ® Repeater
offset circuit ® Low power position, 5 watts e 2-pole, 10.7 MHz
monolithic crystal filter ¢ MOSFET

LIST PRICE ettt 399.95

KENWOOD TS-700A transceiver

* Frequency range: 144 to 148 MHz  Built-in SSB, FM, AM and
CW # High stability FET VFO e 44 channels, w/11 crystals
(optional) » Heterodyne switching circuitry ® Noise blanker e
Amplified-type AGC circuit ® S-meter, RIT ® Squelch circuit ® RF
circuitry, w/dual gate type 3SK35 MOSFET

LISTPRICE focnsrrs e i s st 700.00

KENWOOD TS-820 transceiver

The TS-820 covers 10 thru 160 meters e Has 200 watts P.E.P. ®
Integral IF shift ® RF speech processor ® Completely solid-state,
except for driver and final stages ® Heater switch ® Vox circuit ®
Noise blanker ® PLL circuitry ® Full metering ® DRS dial ® Built-in
25 kHz calibrator ® CW sidetone and semi-breakin ® Rear panel
terminals for linear amplifier ® IF OUT, RTTY, and XVTR ® Phone
patch IN and OUT terminals ® Digital readout unit (DG-1, list,
170.00) is optional ® Other options: VFO-820, DS-1A, DC-DC
converter, TV-502, 2 meter transverter.

UISTRRIBE ... e vise i vy 830.00

KENWOOD TS-7200A
2m FM transceiver

* 10W output ® 6 channels supplied:
94/94, 34/94, 52/52, 16/76, 22/82,
28/88 » Complete w/hand mike ®
Slide-out bracket ® PS-5 power
supply available for fixed base
operation.

LISTPRICE scussvmms 249.00

Remember, you can call TOLL-FREE:

1-800-633-3410 ..

Long’s Electronics price on any ham item.

BANKAMERICARD

webcome e

120 february 1977

Longs Electronics

3521 10TH AVENUE NORTH, BIRMINGHAM, ALABAMA 35234

master charge

THE NTERAANE CARD

More Details? CHECK—OFF Page 118



YEARS AHEAD; @; WITH YAESU

YAESU

YAESU’S NEW FT221 — ENTIRE 2 MTR BAND!
FM-AM-USB-LSB-CW PHASE LOCK LOOP!

Price and Specifications subject to change without notice.

No crystals needed! Broadbanded—no transmitter tuning! 20 watts input — FM and CW!

Phase lock loop circuit! Full band coverage — Pulse noise blanker!
144-140 MHz!

3-way metering, discriminator AC-DC power supplies

zero center! 1kHz dial accuracy! built-in!

Repeater offset — up, down,

(standard or special)!

Crystal calibrator!

FM-AM-USB-LSB-CW!

Clarifier offset tuning!

No-mar feet!

Auto-patch input!

0.5 microvolt receiver
sensitivity!

24 watts SSB PEP input! PTT or YOX operation! Mike, plugs, connectors  Plug-in computer quality
See your Yaesu Dealer or write: supplied! circuit boards!

YAESU ELECTRONICS CORPORATION
15954 Downey Ave., P.O. Box 498
Paramount, CA 90723 » (213) 633-4007

YAESU ELECTRONICS CORPORATION

Eastern Service Center, 613 Redna Terrace YAESU The rad'OI

Cincinnati, Ohio 45215 e (513) 772-1500



Put EIMAC's 3CX400U7 ceramic-metal high-mu
triode in EIMAC's CV-850 cavity and get over 13 dB
gain in the 850-870 MHz land mobile band.

Simple? Yes.
Reliable? You bet.

EIMAC has the answers today for tomorrow’s
communication requirements. For details contact
Varian, EIMAC Division, 301 Industrial Way, San
Carlos 94070. (415) 592-1221. Or any of the more
than 30 Varian Electron Device Group Sales
Offices throughout the world.



The world’s largest catalog of
superb electronic products in
easy-to-build kit form.

~= FILLIN
wue=Z2 COUPON AND
MAIL TODAY

f7Yes!Please rushmemy )

I HEATHKIT

personal copy of the NEW
Heathkit Catalog
| am not on your malling list. Dept. 122-26
) Name.
: = Address.
) City
send for yours now : T Sic
YOU CAN BUILD anyofourmany P'efsie s:nd a catalog to
quality electronic products that my irien Dept. 122:263
are both practical and fun. ; Name
See what a wide selection you Address
have to choose from. ; City
State. 2ip.
[ " P
FREE.' mail coupon now. Q' = Pc”m)
1
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HEATHKIT

Catalog of nearly 400 electronic kits

FREE!

Complete
descriptions
of our exten-
sive line of
electronic
kits. Every-
thing from a
touch-control
lamp switch
to a "compu-
terized" color
TV system.
Kits for your
home and auto
— all easy to
build with our
famous step-
by-step
assembly
manuals.

= |

for it NOW!

On
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