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either way...
you can save from $50
to $500 with a Henry Radio
antenna package

/

Special
packages with
special savings...

Package No. 1

Swan TB-2A

Tristao MM-40 or Triex SM-40

CDR CD-44

RG-58 100’

Control Cable 100’

Retail Price: approximately $620

Package Price: $525

Package No. 2

Swan TB-3HA

Tristao MM-40 or Triex SM-40
CDR Ham-11

RG-8 100’
Control Cable 100
Retail Price: approximately $750

Package Price: $640
Package No. 3

Swan TB-3HA

Tristao CZ-454 FS or Triex W-51

5 mast

CDR Ham-I| |
RG-8 100’ J
Control Cable 100’

Retail Price: approximately $1300

Package Price: $1095

Package No. 4 ||
Swan TB-4HA or Cushcraft ATB-34
Tristao CZ-454 FS or Triex W-51

5' mast

CDR Ham-11

RG-8 100

Control Cable 100’

Retail Price: approximately $1360
$1140

Package Price:

iy
=r, Buller, Missoun 64730

or design-it-
yourself...and
you’ll still save

For many years Henry Radio has been
providing a beam-antenna package
program for amateurs who wanted an
efficient but economical package.
Thousands have benefited from this
offer in the past. In recent years we
have offered the customer the versatil-
ity of designing their own system with
the components that they want. Our
only requirement is the purchase of at

least:

1 Antenna
1 Rotator
1 Tower

100" Rotator Cable
100" Coax Cable

We sell merchandise from the following
manufacturers and our packages can include
their products.

Swan Antennas

Cushcraft Antennas

HyGain Antennas (when available)

Mosley Antennas (when available)

Wilson Antennas

KLM Antennas

Mini Products Antennas

CDR Rotators

Tristao Towers

Triex Towers

Rohn Towers

Accessories of All Kinds

Send us a note telling us what your choice is
and we'll send you our low package price.

Why buy from Henry Radio?

Over 50 years experience. No finance charges if paid within 30
days. Low interest contracts - 8%/yr add on (14% annual rate)
as long as 24 months. 10% down or trade-in down payments,
Good used equipment, Most makes and models. Used equipment
carries a 15 day trial, 90 day warranty and may be traded back
within 90 days for full credit towards the purchase of NEW

equipment. Write for literature,

11240 W Olympic Bivd., Los Angeles, Calil. 90064 213/477-6701
931 N Euchd, Apaheim, Caht 92801 7141772-9200
B16/679-2127



NOW.

Top-of-the-Line
Tri-Ex Towers
for HAM operators
at basic prices!
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More Details? CHECK — OFF Page 150

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 Serzes

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.

s} ®
ri=Ex
TOWER
CORPORATION

7182 Rasmussen Ave.
Visalia, Calif. 93277
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This NEW MFJ Versa Tuner Il . ..

has SWR and dual range wattmeter, antenna switch, efficient airwound
inductor, built in balun. Up to 300 watts RF output. Matches everything
from 160 thru 10 Meters: dipoles, inverted vees, random wires, verti-
cals, mobile whips, beams, balance lines, coax lines.

ANTENNA
3 4

Meter reads SWR
and RF watts in
2 ranges.

Efficient airwound induc-
tor gives more watts out
and less losses.

Antenna matching
capacitor. 208 pf.
1000 volt spacing.

Sets power range,
300 and 30 watts.
Pull for SWR.

Transmitter matching
capacitor. 208 pf.
1000 volt spacing.

Only MFJ gives you this MFJ-941 Versa
Tuner Il with all these leatures at this price

A SWR and dual range wattmeter (300 and
30 watts full scale) lets you measure RF
power output for simplified tuning.

An antenna switch lets you select 2 coax
fed antennas, random wire or balance line,
and tuner bypass

A new efficient airwound inductor (12 po
sitions) gives you less losses than a tapped
toroid for more watts out

A 1:4 balun for balance lines, 1000 volt
capacitor spacing. Mounting brackets lfor mo
bile installations (not shown).

With the NEW MFJ Versa Tuner Il you can
run your full transceiver power output — up o
300 watts RF power outpul — and match your

ANTENNA SWITCH lets you select 2
coax fed antennas, random wire or
balance line, and tuner bypass.

transmitter to any feedline from 160 thru 10
Meters whether you have coax cable, balance
line, or random wire
You can tune out the SWR on your dipole,
inverted vee, random wire, vertical, mobile
whip, beam, quad, or whatever you have.
You can even operate all bands with just

one existing antenna. No need 1o put up sepa
rate antennas for each band.

Increase the usable bandwidth of your mo
bile whip by tuning out the SWR from inside
your car. Works great with all solid state rigs
(like the Atlas) and with all tube type rigs

It travels well, too. Its ullra compact size
5x2x6 inches fits easily in a small corner of
your suitcase

This beautiful little tuner is housed in a
deluxe eggshell white Ten Tec enclosure with
walnul grain sides.

$0-239 coax connectors are provided for
transmitter input and coax fed antennas.
Quality five way binding posts are used for
the balance line inputs (2), random wire input
(1), and ground (1).

MFJ-901 VERSA TUNER

New efficien! air wound coil for more walls oul.

Only MFJ uses an efficient air wound inductor (12 positions)
i s class of luners 1o give you more walls oul and less
lo=ses than a fapped torowd. Matches everything from 160
thiu 10 Meters dipoles. mverted vees, random wires. verli
cals, mobile whips, beams, balance lines, coax hnes Up fo
200 watts AF outpul 1 4 balun for balance fines. Tune oul
the SWR of your mobile whip lrom inside your car. Works
with all rigs. Ulira compac! 5x2xB inches. S0 239 connec
tors. 5 way inding posts. Ten Tec enciosure

= $ 4995
ey ®

;Bnaﬁui
MFJ-900 ECOND TUNER F‘N‘“’Eﬁ

Same as MFJ-901 Versa Tuner, bul does mol have bwill-in
balun for balance lines. Tunes coax lines and random lines.

MFJ-16010 RANDOM WIRE TUNER

Operate 160 thru 10 Meters. Up to 200 watts RF oulpul.
Matches high and low impedances. 12 position Inductor.
$0-239 connectors. 2x3x4 inches. Malches 25 to 200 ohms
at 1.8 MHz

o 0ers Call tOll-free 800- 647-8660

m——y 4§ 95
36| 49
Ll N"ll\ll ERIDGE RhND

MFJ-202 RF NOISE BRIDGE
This MFJ RF Noise Bridge lets you adjus! your anleans
quickly ltor [ fre-
quency, and

der and PP

[ by

you much extended measuring range.
Tells resonant requency and whether lo shorten or lengthen
yout antenna for mummum SWH. Adjus! your single or mull
band dpole, mnverled vee, beam, vertical, mobile whip of
random system for maxmum performance. 1 to 100 MHz
50 239 conneclors 2x3x4 inches. 9 volt battery

Exclusive range
range (= 150 pf) gives

For technical information, order and repair status, and in Mississippi, please call 601-323-5869.
Order any product from MFJ and try it. If not delighted, return within 30 days for a prompt refund (less shipping).
Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shnpping!handling

Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On I | m:,f,_w

MFJ ENTERPRISES
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P. O. BOX 494
MISSISSIPPI STATE, MISSISSIPPI 39762

More Details? CHECK — OFF Page 150




MAY 1978

volume 11, number 5

T. H. Tenney, Jr., WINLB
publisher

James R. Fisk, WIHR
editor-in-chief

editorial staff

Charles J. Carroll, K1XX
Patricia A. Hawes, WATWPM
Alfred Wilson, WENIF
assistant editors

Thomas F. McMullen, Jr., W1SL
Joseph J. Schroeder, W9JUV
associate editors

Wayne T. Pierce, K3SUK
cover

publishing staff

C. Edward Buffington, WB1AMU
assistant publisher

Fred D. Moller, Jr., WATUSO
advertising manager

James H. Gray, W1XU
assistant advertising manager

Therese B. Bourgault
circulation manager

ham radio magazine

is published monthly by
Communications Technology, Inc
Greenville, New Hampshire 03048
Telephone: 603-878-1441

subscription rates

U.S. and Canada: one year, $12.00
two years, $22.00
three years, $30.00

Europe, Japan, Africa:
{via Air Farwarding Service)
one year, $25.00

North America, South America, Australia
and Asia {except Japan):

(via Surface Maill

one year, $18.00

foreign subscription agents

Foreign subscription agents are
listed on page 117

Microfilm copies

are available from

University Micrafitms, International
Ann Arbor, Michigan 48106

Order publication number 3076

Cassette tapes of selected articles
from ham radio are available to the
blind and physically handicapped
from Recorded Periodicals

918 Walnut Street, 8th Floor
Philadelphia, Pennsylvania 19107

Copyright 1978 by
Communications Technology, Inc
Title registered at U.S. Patent Office

Second-class pastage

paid at Greenville, N.H. 03048
and at additional mailing offices
Publication number 233340

am
radio

magazine

contents

10 Windom antennas

John J. Nagle, K4KJ

20 selective receiving antennas

Henry S. Keen, W5TRS

28 multiband vertical antenna system

Laidacker M. Seaberg, WONCU

34 RX noise bridge calculations with

the HP-25 programmable calculator
teonard H. Anderson

45 RX noise bridge calculations with

the Texas Instruments 58/59
Thomas J. Anderson, WDA4GRI

48 80-meter ground-plane antennas

Joseph D. Liga, K2INA

54 omega matching network design

Harold F. Tolles, W7iTB

60 improved indicator system for the

Hy-Gain 400 antenna rotator
Guy Black, W4PSJ

67 calculating antenna bearings

70

74

H. Paul Shuch, N6TX

OSCAR az-el antenna system
Alden T. Greenwood, WATNXP

1296 MHz high-gain antenna
Paul F. Magee, W3AED

78 antenna gain calculations

Francis J. Witt, W1DTV

4 asecond look 82 ham notebook

150 advertisers index 94 new products
117 flea market 6 presstop

138 ham mart

150 reader service

may 1978 IR 3



a second look
by Jim Fisk

Let’'s say you have an Extra or Advanced-class license and are bored with working DX, handling traffic,
or trying out new SSTV circuits. What next? Why not shift gears and put your station and expertise to
work helping out the Novice operators?

The other day | was tuning across the 40-meter Novice band and heard a cool, crisp, CW signal sending
CQ. The band was full of shortwave-broadcast signals, and the CQ signal wasn’t very strong. But it sound-
ed like a tape recording — slow, steady, and with good spacing between characters. | listened. Nothing
much but foreign-broadcast QRM and a few weak CW stations working each other. Then, down in the
noise, | heard a fellow calling and answering the CQ. He was a WB9, sending very slowly with many er-
rors, pauses, and lots of stops and starts. The station calling CQ answered the WB9, slowly and patiently.

What ensured was one of the more beautiful things that happen in amateur radio. The station calling
CQ was an old timer, who decided to put his rig on the Novice 40-meter band. The Novice who answered
his call, obviously brand new and unsure of himself, was glad to hear any station. | listened to the QSO.
What happened renewed my faith in ham radio. The old timer was obviously ready to use his high-speed
keyer — you could tell at the end of his transmission. But the old timer kept his cool and pounded away on
his straight key, slow and steady.

It all ended with the usual amenities. The Novice wanted another QSO, but above all, he wanted a QSL
card to confirm the QS0O. No problem. Addresses and names were exchanged. Hopefully, both exchanged
QSL cards and both followed up to build a lasting friendship.

If you're an experienced ham operator and are interested in expanding your horizons, why not consider
putting your rig on the Novice bands? The 40-meter Novice band is a good place to start. Many new hams
obtain gear that is band limited, and most Novices start out on the low-frequency ham bands — 40 and 80
meters. Equipment is easy to get working on these bands, as most old timers will realize. Whatever Novice
band you choose, bear in mind the following facts.

Most Novices have dipole antennas and rather unsophisticated transmit-receive facilities. Many use
knife switches to transfer between receive and transmit. So if you decide to put your rig on the Novice
bands, with all the new features, remember that the Novice is unaware of most modern developments.
He's interested in receiving your transmission, simply and without flair.

Patience is the watchword when working Novices. Patience requires a certain discipline that pays off in
genuine self satisfaction when you've completed a good QSO.

If you're an overseas amateur, your signal is more than welcome in the U.S. Novice bands. You'll find
Novices that can handle Morse pretty well — they’re almost ready for the next step — the exam for the
General-class license. But don't overlook the vast majority of U.S. Novices. All would like a QSO with a
DX station. Slow down from time-to-time and give the new fellows a chance.

Some additional tips if you’re an old timer and want to work Novices: If you call a Novice station and a
reply is not immediately forthcoming, listen for at least two minutes. Perhaps it’s his first QSO. The new
amateur who puts his rig on the air for the first time is usually nervous, anxious, and maybe somewhat
confused. If you can remember your first QSO, I'm sure you know the feeling (the first time | attempted to
answer another station | forgot to turn on the B + supply to the transmitter, but that’s another story). So
if the Novice you call doesn’t come back right away, tune around and wait. Chances are he’ll answer after
a few minutes. If not, call him again. He's probably overwhelmed that someone answered his call.

It's a great feeling to be able to help a newcomer. All you need is a little patience and perseverance. If
you do it right, you'll be surprised. You'll have a pile-up of Novices trying to work you — it's almost like
being a rare DX. Try it, you'll like it . . . but be patient,

Jim Fisk, W1HR
editor-in-chief
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IC'701 the HF (160-10M) Maximizer

THE ULTIMATE SYNTHESIZED HF TRANSCEIVER

ICOM’s superior LSI technology introduces the most advanced transceiver in the HF world, the
IC-701! Now ICOM’s famous One/Two Team of single knob frequency selection and dual
VFO's leaps to the forefront of HF with an exiremely compact, all solid state, fully

100 W CO UOUS OUTPUT Maximizer of all modes and all bands, from 160-10M. IC-701
is the ICOM breakthrough you’ve been waiting for: the future in HE

¢ Dual Independent VFO'’s Built-in: At
no extra cost, two digitally sgnthesized.
independently selectable VFO’s are
standard with every IC-701.

e 100 WATTS OUTPUT: The compact
IC-701 delivers an amazing 100 WATTS
OUTPUT, from a completely solid state,
no tune final, on all modes and all bands!

e All HF Bands, 160-10M: Fullband cover-

age of each of the six bands, plus some
extra coverage for MARS.

¢ Fully Synthesized Tuning: No time-lag:
no backlash: unbelievable bandspread,
with 100 Hz per division and 5 KHz per
turn.

¢ Continuously Variable Bandwidth:

The IC-701 provides all filter widths for
SSB, CW, R‘l'l ;, and even SSTV.

Double Balanced Schottky Diode 1st
Mixer is standard to provide the finest re-
ceiver IMD possible in a Hamband trans-
ceiver.

RF Speech Processor: This is an
IC-701 standard feature at no extra cost.

VOX; Fastbreak in CW; RIT; AGC;
Noise Blanker; Full Metering; and
many more ICOM quality standard fea-
tures come with your IC-701 HF
Maximizer.

The new IC-701 is simply the best HF transceiver ever made: that’s all. For more information

and
ICOM IC-701.

r own demonstrations, see your ICOM dealer. The ultimate HF Maximizer is yours in your

Spacifications: [ Frequency Coverage: L8 MHz — 2.0 MHx; 3.5 MHy —4.0 MHz: 7.0 MHz —7 5 MHz; 14.0 MHz — 15.2 MHz;
Sold :.-"I-u. with b--: mic and  21.0 MHz — 21.5 MHax: 28.0 MHaz — 30.0 MHz [ ] Frequency Control: LS based 100 Mz step Digital PLL synthesizer. Independent

ACp peaker, as sho

Transmit-Receive duples on same band, standard with every radio. [] Frequency Readout: 6 digit LED 100 Hz readout [[] Power

Supply Requirements: DT 13.6 V = 15% Negative ground current drain, 18 A max at 100 W output: AC power supply speaker console
for AC A I d 50 ohms unbal

IC-701 meets FCC Part 97.73.

d, VSWR 2.0:1 [ ] Weight: 7.3 Kg [] Size: (transceiver unit only)

111mm (h) = 241mm (w) < 1imm {d) ] RF Power Output: CW (A1), RTTY (F1), 100 W; SSB (A3J), 100 W PEP; Continuously
adjustable 0-100W [ ] Emission Modes: Al, CW; A3, SSB; F1, RTTY [[] Harmonic and Spurious Output: more than 60 dB below

peak power (meets FCC 97.73) [] Carrier Suppression: mote than 40 4B down [] Unwanted Sideband: more than 40 dB down at

All ICOM radios significantly
exceed FCC specifications
limiting spurious emissons.

1000 Ha AF input ] Mi b

P , 600 ohms [ ] Hecelving System: triple con super heterdyne, with
bandwidth control (100 Hz — 2.4 KHz) [ ] Receiving Modes: Al, A3 (USB/ASB), F1 [ IF Frequencies: 1st & 3rd. 9.0115 MHz; 2nd,
10.7015 MHz: with continuous bandwidth control [ ] Sensitivity: better than 0.25 microvolis for 10 dB § « N/N [] Selectivity: S58,
RTTY, = L1 KHzat -6 dB (adjustable to = 0.5 KHz min), = 2.0 KHz at 60 dB; CW, = 250 Hzat —6 dB » 700 Ha at - 60 dB;

CN-N, = 100 Hz ai -6 dB, + 500 Hzat 60 dB (with Audio Filter) [] Spurious Response Rejection Ratlo: better than 60 dB

HF/VHF/UMF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

DISTRIBUTED BY:

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA

Suite 307 7087 Victoria Drive

Suite 3
13256 Northrup Way 3331 Towerwood Drive  Vancouver B.C. V5P 3Y9
Bellevue, Wash. 98005  Dallas, Texas 75234 Canada

(206) 747-9020

(214) 620-2780 (604) 321-1833
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OSCAR 8 IS UP AFTER A flawless launch that lifted off the launch pad right on sched-
uleT Listeners to the AMSAT 20-meter net heard the actual countdown and blastoff relay-
ed by WA3NAN. The later ejection of OSCAR 8 from the launch vehicle was so perfect that
the 435.095-MHz beacon signal showed the satellite was tumbling far less than had been
expected. This permitted extension of the 10-meter antenna on the fifth orbit, instead
of waiting several days as had originally been planned, and on the following orbit Mode A
was turned on as OSCAR 8 came over the southern horizon and its 29.402 MHz beacon laid a
strong signal across the entire U.S.

Preliminary Tests Show the new bird to be a fine performer, with good Mode J signals
and Mode A performance apparently even better than OSCAR 6 was.

OSCAR 8's Orbit came very close to predictions, with refined calculations showing it
nearly circular with a 909.583 km mean altitude, a period of 103.23162 minutes, and an
inelination of 98.99° resulting in a 25.80867° progression at the equator.

Orbit Information booklets for OSCAR 8 will be available the end of this month from
Skip Reymann, W6PAJ, Box 374, San Dimas, California 91773. Costing $5 ($3 for AMSAT mem-
bers or free for AMSAT Life members), the booklet will have orbit information through the
end of this year.

OSCAR 8 Is Available for general use, operating Mode A weekdays (Wednesday, experi-
mental only) and Mode J Saturday and Sunday (GMT). Both transponders are working so well
(20W ERP produces S9 and 1IW S6 on Mode A, and Mode J appears to be about 6 dB better!)
that linears are definitely not needed.

THE AMATEUR CALLSIGN structure has been completely overhauled, effective March 24. No
special callsigns or special events callsigns will be issued, and licenses for personal
secondary stations will no longer be renewed. Call areas will remain, and will determine
the prefix of a callsign issued to an address in that area, but an individual can retain
his callsign indefinitely if he wishes, even if his permanent station location changes
call area.

Under The New Policy, which divides callsigns into four ''groups,' 2x1 and Nx3 callsigns
will soon be heard. Group A includes 1x2, 2x1, and 2x2 (AA-AL prefixes), available to
Extras only. Group B includes 2x2s, other than AA-AL, and will be available to Advanced
Class license holders. Group C is 1x3 callsigns, available to Generals and Technicians,
while Group D is 2x3s for Novices. In Group A, 2xls will be the first calls issued, while
Nx3s will be the initial Group C issue.

The Initial Extra Class callsign (Group A), assigned in each call area will be AAxA,
but” ZxZs for Advanced Class (Group B) will begin with KAlAA in the first call area but
KBxAA in all others (since KAx2 callsigns are currently in use by U.S. personnel in
Japan). Novices are also going to start a new callsign group (Group D), with KAx3 such
as KA3AAB.

NOTE: Only Extras and other class licensees who are upgrading or applying for their
first Amateur license are currently eligible for the new calls. Requests are made by
specifying on line 13A of Form 610, '"Please assign a Group_ callsign” when filing the
application. But, for any Extra who has received a 2x2, the FCC will process a request
for change, if received before October 1, 1978, to a 2xl callsign. Applications from
others will be returned!

EFFECTIVE MAY 15, Novice licenses now have five year terms and may be renewed just like
any other Amateur license as a result of the Commission's action on Docket 20282. At the
same time they also extended Technician's privileges to all Amateur frequencies above
50 MHz, giving Techs all of 6 as well as 2 meters.

Also, Effective May 15, the new 2-meter repeater sub-band will be 144.5-145.5 MHz. In
addition to deleting WR callsigns, repeaters will not be permitted use of 220.0-220.5,
431-433, or 435-438 MHz, to permit weak signal and satellite communications.

RICHARD COOPER HAS BEEN CHARGED with misrepresentation by the California State Attor-
ney General's Office. 1In a suit filed in Los Angeles Superior Court, the state asked that
Cooper and his Communications Attorney Service be ordered to stop disseminating false in-
formation about himself and his service.

Among Cooper's Claims Challenged in the suit were his statements that he and his part-
ners were licensed to practice law, that he holds MS and PhD degrees, that Communications
Attorney Service has associate attorneys in Atlanta, New York, and Chicago, and that his
office has '"'one of the most extensive libraries of FCC reports in the country."” Also
branded as misleading or false in the suit were claims about the number of subscribers,
size of his attorney staff, and the money that CBers could save by being a subscriber.

NEW PREFIXES FOR U.S. Pacific and Caribbean Islands are: KHl, Canton; KH2, Guam; KH3,
Johnston; KH4, Midway; KHSK, Kingman; KHS5, Palmyra; KH6, Hawaii; KH7, Kure; KH8, Samoa;
and KHY9, Wake. Also KPl, Navassa; KP2, Virgin Islands; KP3, Serrana Bank, and KP4, Puerto
Rico. Other spots, such as the Marshall Islands and Guantanamo Bay, are not FCC adminis-
tered and so remain unchanged.

6 may 1978
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If they copy the quality,
they can't meet the price.

The original DenTron Super Tuner. The original Su-
per Super Tuner. The original MT-3000A. And now
DenTron brings you the original MT-2000A, an eco-
nomical, full-power tuner designed to handle virtually
any type of antenna.

The sleek styling and low profile of the MT-2000A is
beautiful, but be assured that is only a part of the ex-
citement you’ll derive from the MT-2000A. The MT-
2000A is designed and engineered using heavy-duty
all-metal cabinetry, and high quality American com-
ponents throughout.

When you consider the MT-2000A’s unique features:
5%"“H x 14”"D x 14"W, front panel coax bypass
switching, front panel lightning protectionr antenna
grounding switch, 3KW PEP, and the ability to match

coax, random wire and balanced feedline, we're sure
you'll decide to buy an American original and stay
with DenTron.

MT-2000A $19950 at your favorite dealer.

Deniron_

Radio Co., Inc.

2100 Enterprise Parkway
Twinsburg, Ohio 44087

216 425-3173



..« pacesetler in amateur radio

Kenwood's exciting 2-meter transceiver. . . still
the most powerful. 800 channels, repeater
offset over all 4 MHz (144-148 MHz), dual

frequency readout, easy to read 6 digit

display, Kenwood's unique continuous tone
coded squelch system and outstanding receiver
performance. All in a rugged, compact package.

2m FM TRANSCEIVER

The TR-7400A is shown with
its furnished hand mike and
the PS-8 DC power supply
(optional). Take your TR-
7400A out of the car and you
can use it as a powerful base
station. The PS-B is rated at

8 Amps and is among the
most rugged, well-regulated
supplies available for VHF
transceivers requiring 12V DC

The TR-7400A lets you go anyplace on the
2-meter band. . . covers the entire band with-
out compromise. It exceeds all FCC emission
requirements for amateur transceivers. Its RF
output is factory spec’d at 25 watts. . . but
is typically over 30! It offers a dual frequency
readout with large easy to read 6 digit LED
display plus a functional dial readout system,
fully synthesized 800 channel operation and
repeater offset over all 4 MHz (144-148 MHz).
The unique Continuous Tone Coded Squelch
system is a Kenwood exclusive.

Qutstanding sensitivity, large-sized helical
resonators with High Q to minimize undesir-
able out-of-band interferance, and give a
2-pole 10.7 MHz monolithic crystal filter
combine to give your TR-7400A outstanding
receiver performance. Intermodulation char-
acteristics (Better than 66dB), spurious
(Better than —60dB), image rejection (Better
than —70dB), and a versatile squelch system
make the TR-7400A tops in its class.

(Active filters and Tone Burst Modules optional)

R-7400A

Al i
- | T — |

sQu OFF

— LT
MHz @ ON AR ! =Thes;

iE

AH = LOW

TR-7400A

TR- 74004
-1 s ai o Selectivity; 12 KHz a1t =6 RF Output Powar; 25
Jpecmcations. " 48 down Wans (High) 5-15 Wans
A0 KHr at =70 dB down (Low-adjustabla)

Imags Rejection: Better Antenna Impedance: 50

Range: 144 00 MHz to than —70dB ohms
147 985 MMz Spu Intetierance: Froguency Deviption: +5
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Some facts and fiction
about the Windom antenna,
and how it measures up

in terms of bandwidth

and input impedance

One of the simplest and most economical antennas
suitable for multiband amateur use is the single-wire,
off-center-fed antenna, often called the Windom
antenna.

Although this antenna in its present form was first
described in the professional literature in 1929 by
Everitt and Byrne,! and in the amateur literature by
Loren Windom, W8GZ/W8ZG,2 very little new or
original theoretical or design data has been published
since that time. To the best of my knowledge, no in-
formation on impedance or bandwidth measure-
ments on the antenna has ever been published.

In this article | will begin by giving the history of
the antenna, then a theoretical discussion of the an-
tenna and single-wire transmission line, followed by
a method of adjusting the antenna, and finally, the
results of measurements | have made on an actual
antenna.

history
The single-wire feedline has been credited to Frank

Windom antennas

grounded (Marconi) antenna. The next step was
taken by V. D. and E. B. Landon, 8VN, who connect-
ed the single feedwire to the junction of the antenna
and counterpoise.3 In a later article by Howard M.
Williams, 9BXQ, the counterpoise was stretched out
and made a part of the antenna with the feedpoint
still off-center.4 Fig. 1 shows a summary of these
early developments.

In the middle 1920s Loren Windom operated
8GZ/8ZG in the Columbus, Ohio, area. Windom ran
high power for that time (250 watts) and was consid-
ered the technical bellwether of Columbus hams, as
he was an active experimenter, working with anten-
nas among other things.

In July, 1926, the technical editor of QS7, Robert
S. Kruse, published an article which gave a roundup
of various methods of feeding an antenna as they
were understood at that time.5 A discussion by Win-
dom on how to adjust the off-center-fed antenna
was a part of that article; the procedure consisted of
placing a light bulb in the center of the antenna (fig.
2) and adjusting the feedpoint for maximum lamp
brilliance (maximum current). This procedure was al-
so published in the first three editions of the ARRL
Radio Amateur’s Handbook.

John Byrne, then 8DKZ, became associated with
Windom; 8GZ/8ZG QSL cards, circa 1925, carried
the names of both Windom and Byrne. Both were
students at Ohio State University — Byrne in electri-
cal engineering and Windom in law.

It was customary in those days for senior engineer-
ing students to do a thesis for graduation; Byrne and
his thesis partner, E. F. Brooke, 8DEM, chose the
single-wire transmission line as their topic. They car-
ried out a considerable amount of research on the

Conrad, 8XK, of Westinghouse who used it in the By John J. Nagle, K4KJ, 12330 Lawyers Road,
broadcast band to feed a quarter-wavelength  Herndon, Virginia 22070
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subject under the guidance of their faculty advisor,
W. L. Everitt, who was then Associate Professor of
Electrical Engineering. Everitt will be remembered for
his book, Communication Engineering, which was
the standard college textbook on the subject in the
1930s and early 1940s.

Windom, although not formally associated with
the project, assisted from time to time in rigging or
making measurements on his lunch hour or after
classes, so he was up-to-date on the progress of the
work. In fact, he incorporated many of the more
promising facets at his own station,

Byrne’s investigation was incomplete when he
graduated in June, 1927; however, he returned as a
graduate student for the 1927-28 academic year and
continued work on the single-wire feeder as his Mas-
ter's thesis with A. B. Crawford as his partner. The
work thus accomplished was published in the Pro-
ceedings of the [RE in October, 1929, with Everitt
and Byrne listed as authors.? It was standard practice
then, as now, that when a student’s research work is
formally published, the faculty advisor is listed as
senior author.

The work of Everitt, Byrne and Brooke showed
that the Windom procedure of 1926 was incorrect.
Windom agreed in his 1929 article, and stated that
his earlier method should not be used: he went on to
describe the Everitt-Byrne method that | will explain
later. Beginning with the seventh edition of the
ARRL Handbook, the old, Windom graphs for the
single-wire feeder were presented which give the
length of the antenna as a solid line and the location
of the tap as a dashed line for each amateur band.
The Everitt-Byrne procedure has not been published
in any of the ARRL handbooks or antenna manuals
and is not widely known.

ANTENNA ANTENNA
EY
rl
4% l
COUNTER POISE

CONRAD 8XK LANDON 8VN WILLIAMS 98XQ

fig. 1. Early development of the off-center fed antenna
beginning with the single-wire feedline used on the broad-
cast band by Frank Conrad, 8XK, to feed a quarter-wave-
length vertical (left). Later the Landon brothers, 8VN, con-
nected a single feedline to the junction of the antenna and
counterpoise {center). Howard Williams, 9BXQ, stretched
out the counterpoise and made it part of the antenna with
the feedpoint still off-center (right).

Windom recognized the utility of the method to
the amateur community and encouraged Byrne to
write it up for QST. Byrne declined, suggesting that
Windom write it up himself as Windom was familiar
with the work. Windom's article was published in the
September, 1929, issue of QST,2 a month before the
Everitt-Byrne article. The delay in the Everitt-Byrne

SMALL INCANDESCENT
LIGHT BuUL8

]

STRING STRING

FEEOLINE TO
TRANSMITTER

fig. 2. Windom's 1926 procedure for adjusting the feedpoint
of an antenna as described in QST. The feedline was moved
along the antenna until the bulb glowed the brightest. Later
experiments at Ohio State University showed this method
to bein error.

paper is ascribed to the more extensive editorial re-
view required by the Proceedings of the IRE; Win-
dom, to his credit, stated in an early paragraph that
he had not done any of the work himself — that he
was only reporting the work of others. The fact that
Windom'’s article was published a month before the
Everitt-Byrne paper did cause considerable conster-
nation, however.

Byrne, having completed his studies, turned the
project over to John Ryder, W8DQZ. Ryder was later
to become Professor of Electrical Engineering at
Michigan State University and the author of numer-
ous electronics textbooks (he is not the Rider of
Rider’s Manuals fame). When Byrne left Ohio State
University, he went to work at Bell Telephone Labor-
atories and gave up amateur radio. | cannot help but
feel that amateur radio lost a valuable member by this
decision.

The first use of the name “Windom'’ appears to be
by the Wireless Institute of Australia which in 1930
published an article which was substantially a reprint
of Windom'’s QST article. Shortly after World War i,
the Radio Society of Great Britain ran an article,
“Why Not a Windom?’’ It thus appears that the
name Windom was imported into the United States
from overseas. Rightly or wrongly, the name has
stuck because it is much simpler than the more tech-
nical term, “‘off-center-fed Hertz antenna.”’
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antenna theory

One of the most important characteristics of an an-
tenna, when trying to couple energy into it, is its in-
put impedance which, of course, is composed of
both resistance and reactance. The resistance and
reactance both depend on a large number of factors

2 .80 — ]
5 =180
|
le—— o 180*~ @ **{

X -j2,COT® X, = ~12,COT{180°~ 8] = jZ,COT

X, = —=Xc SINCE COT(i80°—-8) = —-COT 8

fig. 3. The reactance at any point

along a half-wavelength antenna is

zero. The situation is analogous to the
FEEDLINE parallel-tuned circuit of fig. 4.

/

such as height above ground, diameter of the anten-
na, nearby obstructions, and length of the antenna
compared to a half-wavelength. While the input im-
pedance can be calculated in the ideal case, the feed-
point impedance of an actual antenna must usually
be measured, especially under amateur conditions.

Let’'s first talk about the antenna’s reactance; to
simplify things, we'll assume the antenna is exactly
one-half-wavelength long or, as the old timers would
say, ‘‘operating on its fundamental wave."”’

As is well known, the reactance looking into the
center of a half-wavelength antenna is zero. Not as
well known is the fact that the reactance at any other
point on a half-wave antenna is also zero. Consider
fig. 3 where the antenna feedpoint is off-center.
Looking into the short end, we have a transmission
line with the far end open-circuited; the reactance
looking into an open-circuited transmission line is
given by

Xc=—j2,cot b (1)
Whtere

f#= the electrical length of the transmission
line in degrees
Z,= the characteristic impedance of the
line.

If the antenna is exactly one-half-wavelength long,
the length of the long end will be 7180°— 6 and its re-
actance will be

Xy =~jZ,cot(180°—6) (2)
From trigonometry it can be shown that

cot (180°—0)= — cot 6 (3)

regardless of the value of §. Combining eqgs. 1, 2,
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and 3 gives

XL = - XC (4)
As the reactances are equal in magnitude but oppo-
site in sign, the input reactance is zero. Since this is
true regardless of the length of the line {value of §),
the reactance will be zero regardless of where the tap
is located, provided only that the antenna is exactly a
half-wavelength long. This situation is analogous to
the parallel-tuned circuit shown in fig. 4. At frequen-
cies below resonance, the inductive reactance will be
less than the capacitive reactance so the current in
the inductive branch will be greater than the current
in the capacitive branch. Similarly, at frequencies
above resonance, the current in the capacitive
branch will be greater. At resonance the two currents
will be equal. This fact provides an excellent means
of determining the resonant frequency of any anten-
na that is an integral number of half-waves long, as
discussed later.

We will now discuss the resistive component of
impedance. For a half-wavelength dipole, the resis-
tive component at the center is usually considered to
be 72 ohms. This is true when the antenna is in free
space or at certain heights above ground. The input
resistance of the antenna at any location along its
length can be easily determined in terms of its input
resistance at the center. When the antenna is very
thin and not terminated (as in a rhombic antenna),
the current distribution along the antenna is essen-

,[ ~iX, +iX,

fig. 4. The parallel-tuned cir-
cuit analog of the off-center
fed antenna.

tially cosinusoidal, as shown in fig. 5. The power ap-
plied to the center of the antenna is

P,=ER, (5)

P, = power applied to center of antenna
rms current at center
radiation resistance at center

0y~
HMe
[T

The power given by eq. 5 must be equal to the power
at any other point x along the antenna; therefore

IZR,=IZR, (6)

Since the current distribution is assumed to be cosin-
usoidal, 1, = I, cos § where § is the distance along the



antenna in electrical degrees from the center. Substi-
tuting eq. 6

BR,=(I,cos0)? R,

so that R,

R,.=
(cos 8)2 7)

From eq. 7 we see that theoretically the input resis-
tance of a half-wavelength antenna goes from a
nominal 72 ohms at the center to infinite ohms at the
ends. In practice, the antenna current does not drop
to zero at the ends, so the resistance does not be-
come infinite; the resistance can become very high,
however. If the characteristic impedance of the sin-
gle-wire feeder is between 72 ohms and ""very high,"’
we should be able to find a point on the antenna that
will match the feedline characteristic impedance.

transmission line theory

When discussing a transmission line of any type,
probably the first question to be asked is what its
characteristic impedance is (and how it is measured
or calculated). With conventional two-conductor
transmission lines, such as coaxial cable, one meth-
od to determine the characteristic impedance is to
measure the impedance seen looking into a length of
the line with the far terminals both open- and short-
circuited; the square root of the product of these two
measurements is the characteristic impedance of the

-
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fig. 5. The current distribution along a half-wavelength an-
tenna is essentially cosinusoidal as shown here.

line. However, in the case of the single-wire line,
what do you short-circuit it to?

All right, you say, if you can’t measure it, can you
calculate it? The usual way to calculate the charac-
teristic impedance of a transmission line is to calcu-
late its inductance per unit length and the capaci-
tance between the conductors per unit length; then
divide the inductance by the capacitance and take
the square root:

7 = /L per unit length (8)

™ [ C per unit length

It is not difficult to calculate the inductance per
unit length of a single-wire line, but the capacitance
per unit length is another matter. The capacitance to

what? There is no other conductor, so this leaves
ground. However, the capacitance of the single-feed
wire to ground can be expected to vary over a fairly
wide range as the feedline leaves the station — rela-
tively close to ground — and winds its way up to the
antenna high in the air. And as the capacitance

table 1. Characteristic impedance of long wires.

conductor characteristic impedance, Z, {ohms)

diameter 35 7.0 140 28.0 56
mm inches AWG MHz MHz MHz MHz MHz
12.5 0.500 - 560 518 475 435 393
6.5 0.250 — 600 560 518 475 435

33 0128 no. 8 641 600 559 516 474
26 0.102 no.10 654 613 572 530 490
2.1 0.080 no.12 669 628 586 545 503
1.6 0.064 no.14 684 643 600 560 517

varies, so does the characteristic impedance of the
line. Hence, the calculation approach is not practical.

This can be seen more graphically by taking a
slightly different approach. Consider fig. 6 which
shows the single-wire feeder and its ground image;
this converts the single-wire transmission line into a
balanced line. This might be used to calculate the
characteristic impedance of the line, but half the dis-
tance between the actual fine and its image is in the
ground whose dielectric constant and other electrical
parameters are not accurately known. This makes it
difficult, if not impossible, to accurately calculate the
characteristic impedance.

Using the representation of fig. 6 does point up
the fact that the single-wire feedline can be explained
as one-half of a variable spaced balanced line, with
two wires of the balanced line being closer together
at the bottom and gradually increasing in spacing as
they approach the antenna. Tranmission lines of this
types are known as ‘‘tapered lines.” Since the wire
diameter is the same all along its length, the charac-
teristic impedance will gradually increase as the line
approaches the antenna. This also means that, as-
suming the feedline is matched to the antenna, the
current measured along the line will not be constarit,
but will slowly decrease as one moves toward the an-
tenna. Therefore, the current measured at the input
end of the feedline should be greater than the current
measured at the antenna, even when the system is
matched.

After explaining so carefully why it is so difficult to
calculate the characteristic impedance of a single-
wire feedline, | was rather nonplussed to find the fol-
lowing equation in an old publication:7

0.56\

Z,=138 [log “omr (9)
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Z,= characteristic impedance of single-wire
line
r= radius of conductor
A= operating wavelength

Table 1 gives several values of characteristic imped-
ance, taken from reference 8. As no sources or refer-
ences are given, | do not know what approximations
or assumptions were made in this formula’s deriva-
tion and can not attest to its accuracy. Since wave-
length is included in the calculation, note that char-
acteristic impedance varies with frequency!

The fact that it is not practical either to measure or
calculate the characteristic impedance of the single-
wire feedline does not mean that the line does not
have a characteristic impedance. It does — we just
don’t know what it is. While this will certainly affect
the procedure used to match the feedline to the an-
tenna, it should not stap us from obtaining a match.

bandwidth considerations

Although the bandwidth of the Windom antenna
has always been assumed to be large, | have never
seen it discussed in the literature. My own experi-
ence indicates that while an off-center-fed antenna
can be used over a relatively wide range of frequen-
cies, it operates as a true Windom only over a very
narrow bandwidth.

As shown in fig. 4, the Windom antenna is analo-
gous to a parallel-tuned circuit. The Q of a parallel-
tuned circuit can be defined as the ratio of either the
inductive or capacitive branch current (at resonance,
the two are equal) to the line current. Therefore, the
Q of a Windom can be easily measured by using the
circuit of fig. 7.

If the antenna operates as a true Windom over a
relatively narrow bandwidth, why does the antenna
work so well as a wide band antenna? Let’s look at
fig. 8A. As the frequency is increased above the

ACTUAL ANTENNA
AND FEEDLINE

GROUND

TIT T T I T T AT T T T T 7 T T 77777, TIT T77TYY

/) IMAGE ANTENNA
’ AND FEEOLINE

fig. 6. A single-wire feedline and its ground image.
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Windom frequency, the current in the fong end de-
creases while the short-end current increases. The
long end loses its effectiveness as a radiator and the
Windom antenna degenerates to a random-length,
single-wire antenna with the single-wire feedline
operating as part of the radiating system. Below the

Lawrenna

——

IL/NE
_ Janr
lune

FEEDLINE

fig. 7. Test circuit for measuring the Q of an off-center-fed
Windom antenna.

Windom frequency the current in the long end pre-
dominates and the antenna appears as in fig. 8B.
Again the feedline will radiate.

harmonic operation

The Windom antenna has a theoretical advantage
over the balanced, center-fed dipole because the
Windom will resonate on even-order harmonics or,
more accurately, on approximate harmonics.
Because of the end effect, harmonic resonant fre-
quencies are not integral muitiples of the half-wave
resonant frequency. An antenna that is half-wave
resonant at 3.525 MHz, for exampie, will have har-
monic resonant frequencies at 7.235, 14.656, 22.077,
and 29.498 MHz. Note that some of these frequen-
cies are not in an amateur band. Thus, if multiband
operation is desired, the antenna must be operated
off-resonance on some bands and might not load
up well.

As mentioned in the bandwidth discussion, the an-
tenna may operate satisfactorily at other than its
Windom frequency, but as a random-length anten-
na. It is also doubtful whether the feedline tie point
will be sufficiently accurate on the harmonic bands to
provide a good match. My own measurements indi-
cate that it will not.

Those amateurs who are contemplating harmonic
operation of the Windom antenna should read Wrig-
ley’s excellent article on harmonic operation of
dipoles.8 My own experience with the Windom,
though limited, bears out Wrigley’s comments. The
antenna will operate on harmonics, probably not as a
Windom, but rather as a random-length antenna.

efficiency and radiation
The final factors | will discuss are the efficiency



and radiation of the single-wire feedline. | have not
attempted measurements of this type myself, but will
mention the results from reference 1 which describes
the work done by J. D. Ryder and E. D. Shipley.
Ryder and Shipley report that for a 365-meter (1200-
foot) teedline driving a 15-meter (50-foot} antenna,
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© Bsecow resonance

fig. 8. Operation of the Windom antenna above resonance,
A, and below resonance, B. Above resonance the current in
the longer leg loses its effectiveness as a radiator because rf
current decreases and the antenna degenerates to an end-
fed single-wire antenna with the feedline as part of the radi-
ator. Below resonance the rf current in the short end de-
creases and the antenna again operates as a random-length
end-fed antenna.

all the measured losses in the system could be ac-
counted for by the I2R loss of the feedline. Radiation
losses were too small to measure. The accuracy of
the power measurements was estimated to be within
4 per cent. Therefore, it appears that the radiation
from a single-wire feedline operating at its matched
(Windom) frequency is negligible, while at other fre-
quencies feedline radiation may be appreciable.

adjusting the antenna

The biggest problem | found with Windom’s QST
article was his failure to recognize the very complex
variation of antenna impedance with height and local
ground conditions; he assumed that the feedline tap
could be placed on the basis of distance measure-
ments alone. This myth has been perpetuated by the
ARRL Handbooks and Antenna Manuals, and by the
Radio Handbook as well,

With this in mind, the most important question
facing the amateur who installs a Windom is ““How
do | adjust the antenna?’’ Basically, there are two ad-
justments to make: 1) the antenna must be cut to the

desired frequency, and 2) the single-wire feedline
must be connected to the proper place on the anten-
na to provide a good match for the transmission line.

The first problem must be solved first — the anten-
na must be cut to the desired frequency (or the actual
resonant frequency of the antenna must be accurate-
ly known). This is necessary to insure that the anten-
na will present a pure resistive load.

The method for finding resonance recommended
by Everitt-Byrne proves to be very simple, yet very
exact. As discussed earlier for the analog with a par-
allel-tuned circuit, when the tuned circuit is at reso-
nance, the currents in the inductive and capacitive
branches are equal. In the Windom the rf currents
can be measured by placing rf ammeters in the short
and the long sides of the antenna as shown in fig. 9.
The antenna is resonant at the frequency where the
rf currents in the two ends are equal.

If resonance at a specific frequency is desired,
begin by cutting the antenna about 1 meter (3-1/2
feet) too long {on 80 meters). Set the transmitter to
the desired frequency and prune the ends of the
antenna until the current in the two sides is equal. |
found | had a strong psychological urge to cut the
antenna length from the end with the larger current;
actually, the antenna may be cut from whichever end
is more convenient.

if a knowledge of the actual resonant frequency of
the antenna is all that you want, connect the am-
meters as shown in fig. 9 and vary the transmitter
frequency until the two currents are equal.

From a practical point of view, the situation is not
as simple as depicted in fig. 9. The stresses in a wire
antenna are considerable and would probably pull
most meter cases apart. Therefore, a means must be
devised to take the mechanical stresses off the
meters. | mounted the two meters in a piece of plexi-
glass and suspended the plexiglass from the antenna
with spring clips of the type used at the end of dog
leashes. The antenna is broken with an insulator and
the single-wire feedline is supported by a second in-
sulator, The photographs show the plexiglass meter
bracket and how it is suspended from the antenna. |

(s

FEEDLINE

fig. 9. Test circuit for determining resonance of an off-cen-
ter-fed antenna. When the rf current in the two ends is
equal, the antenna is resonant. If the current in the long end
is higher than in the short side, the antenna is too long; if
the short side current is greater, the antenna is too short.
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The test meters installed in the antenna as seen from the
ground. The antenna is not quite at resonance since the cur-
rents are not equal. This was taken with a 200mm lens.

used 1-ampere meters with an output power of about
90 watts. The resonant currents were 0.76 ampere on
80 meters. This value will depend on how far off-cen-
ter the feedline is initially attached.

When measuring the rf current, if the current in
the short side of the new antenna is lower than in the
long side, the antenna is too short; if the long side
currentisgreater, theantenna is too long. See fig. 10.

| highly recommend that the transmitter power be
brought up slowly and that you have a friend watch
the meters to make sure they don’t go off scale; ther-
moammeters are not noted for their tolerance to
overloads. The meters, of course, must be read from
a distance. | used a 25-power spotting telescope.
Higher magnification might be better, depending on
how high your antenna is — try to pick a windless
day so the meters don’t bounce around while you try
to focus on them!

Another possibility is a telephoto lens on a 36 mm

| was able to notice a change of as little as 5 to 7 cm
(2 to 3 inches) near the resonant point or a frequency
change of less than 10 kHz (on 80 meters). The pri-
mary factor in limiting the accuracy of this method is
the problem of reading the meters at great distances.
Much greater accuracy could be obtained by using
remote thermocouples — mount the thermocouples
on the antenna and run leads to the meters on the
ground — or better yet, at your operating position.
Unfortunately, remote-reading rf ammeters are very
expensive and hard to find!

It is interesting to note that the two-meter method
of determining antenna resonance is not limited to
the Windom antenna; it can be applied to other
dipoles as well. Simply short-circuit the center insula-
tor, insert a second insulator at some convenient
place, install an off-center feedline and the meters,
and check. The method can also be used to deter-
mine harmonic resonant frequencies.,

| am surprised that the antenna manual publishers
have not presented this procedure before; it is rela-
tively simple and straightforward and has been avail-
able since 1929. To the best of my knowledge, the
only discussion of this technique to appear in the
amateur literature, since Windom’s 1929 article, was
written by Paul Rockwell, W3AFM, in 1963.9

adjusting the feedline

After the antenna has been cut to the proper
length, the correct feedpoint can be determined. At
first glance this appears to be a formidable problem
since we only approximately know the characteristic
impedance of the feedline and only approximately
know how the radiation resistance varies along the
antenna. However, we do know certain characteris-
tics of transmission lines which are helpful; namely,
that when a transmission line is terminated in its
characteristic impedance, 1) the input impedance of
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fig. 10. Determining resonance of the off-center-fed antenna with ammeters in each leg. Current distribution is shown by

dashed lines.

single-lens reflex camera. However, | found my 135
mm lens was much too short to do any good; | esti-
mate a lens 300 mm or longer would be needed if
your antenna is exceptionally high.

Using this method of adjusting the antenna length,
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the line is a pure resistance, and 2) the current or
voltage is constant along the line (neglecting the im-
pedance taper effect along the line). Either of these
facts may be used to find the proper feedpoint.

It is absolutely necessary ta make all feedline tests
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fig. 11. Dimensions of the experimental Windom antenna
built by K4KJ. Resonant plots of this antenna for 80, 40, and

20 meters are shown in figs. 12, 13, and 14, respectively.

at the resonant frequency of the antenna. Only at
this frequency will the input resistance of the anten-
na be purely resistive.

" For my own tests | used a General Radio 916A rf
impedance bridge to measure the input impedance of
the line.10 This measurement could also be made
with an RX noise bridge such as the one described in
reference 11. Simply measure the input impedance
of the line at the antenna resonant frequency, and
adjust the feedline tap along the antenna until the re-
actance component of the input impedance is zero.

If an rf impedance bridge is not available, try the
method recommended by the old timers: if the feed-
line is on the order of a half-wavelength long, insert
four rf ammeters in the lower half of the line and ad-
just the tap for identical current on all four meters. In
this case, it will be assumed that the impedance taper
along the lower half of the line is negligible so that
line current will be constant,

If rff ammeters are not readily available, try solder-
ing neon bulbs along the feeder and adjust the tap
point for a constant brightness. This is best done at
night, but be prepared for startled neighbors!

results

My Windom antenna was configured as shown in
fig. 11. With this arrangement the results of my 80-
meter measurements are plotted in fig. 12 which
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fig. 12. Resonance of the 80-meter Windom antenna of fig.
11, as determined by the method described by Everitt and
Byrne (see text).

shows the difference between the antenna current in
the two legs. To remove any variations due to
changes in rf power input, | referenced everything to
the sum of the two currents. Taking the absolute
magnitude of the differences eliminates the problem
of algebraic sign.

pfﬂf ._l ‘f(_uug — Liport (10)

i-"mlg + Lshort

The resonant frequency is where the plot equals
zero. Figs. 13 and 14 show the same factor for the
same antenna on the 40- and 20-meter bands, re-

K4KJ's wife holding the plexiglass meter panel as installed
in the antenna. The feed-line runs out the bottom.

spectively. Notice that the resonant 20-meter fre-
quency is above the amateur band.

The input impedance to the feedline is shown in
fig. 15 for 80 meters; the input impedance is any-
thing but constant. The reactance is zero a little
below 3.525 MHz at which point the input resistance
is 590 ohms. Fig. 16 shows the same factor over the
40-meter band. Note that the zero reactance point
falls above the band limits at which frequency the
input resistance is more than 1000 ohms. This indi-
cates to me that the feedline is not matched at any
frequency. The input impedance on 20 meters is
graphed in fig. 17 and the same general comments

apply.

conclusions
As a result of my experiments, | have reached the
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following conclusions concerning the off-center-fed
antenna:

1. The Windom antenna is very simple and eco-
nomical to build and, if the proper procedures are
used, relatively simple to adjust.

2. The bandwidth as a true Windom antenna is rel-
atively narrow. The antenna will operate relatively
well, over a much wider frequency range as a ran-
dom-length antenna, however.

3. Based on the above data, it is my opinion the
Windom antenna can be properly matched for on-
ly one amateur band. On other bands, the com-
ments of item 2, above, apply. After reviewing the
comments of Windom and Ryder to an early draft
of this article, however, | am not convinced that
the tap is at the optimum point. It may be possible
to improve the match on 40 meters.
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fig. 13. Resonant curve of the Windom antenna of fig.
11 on 40 meters.

4. Those amateurs whose antenna requirements
are modest and whose circumstances dictate a
simple and inexpensive antenna will continue to
find that the off-center-fed antenna will serve their
needs.
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postscript

The Windom antenna, one of the oldest antennas
developed for amateur use, has had a complicated
history, one as interesting as the theory of the anten-
na itself. And the people who have contributed to its
development are equally intriguing:
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fig. 14. Resonant curve of the Windom antenna of fig. 11 on
20 meters. Note that the antenna is resonant above the
amateur band.

Frank Conrad, 8XK, who started it, is called the
father of broadcasting. His amateur station became
KDKA in Pittsburgh, the first broadcasting station in
the country.

Vernon D. Landon, one-half of 8VN, went on to
become an eminent scientist with RCA. He has con-
tributed widely to the advancment of electronics with
his many very readable papers published in the Pro-
ceedings of the /RE and in the RCA Review.

Loren ““Windy'' Windom, 8ZG, for whom the an-
tenna was named, did not, oddly enough, pursue
electronics professionally, but became a lawyer in
Ohio. He is still an active amateur.

John Byrne, who with his thesis partners, E. F.
Brooke and A. B. Crawford, did much of the actual
work on developing the antenna, became an out-
standing research engineer and educator.

John Ryder, now K4iHX, who also worked on the
antenna as a thesis project, was to become a well-
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fig. 15. Input impedance of the single-wire feedline to the
Windom of fig. 11 on 80 meters, as measured with a General
Radio 916A rf impedance bridge. The reactance is zero at
3.520 MHz.
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fig. 16. Feedline input impedance on 40 meters as measured
with an tf impedance bridge. The reactance is zero at about
7.338 MHz; the resistance at this frequency is more than
1000 ohms.

known educator, an author of several electronics
textbooks, and a president of the IRE. He is an active
amateur in Florida.

William L. Everitt, as faculty advisor to the
students who worked on the antenna, contributed
much to its development. Everitt began his amateur
career in 1914 as 2ABI; in 1921 he became 8CRI.
When he decided to go into communications profes-
sionally, he dropped amateur radio because he did
not want to have the same vocation and avocation.
Everitt was later to become a prominent author and
educator. He retired as Dean of Engineering at the
University of lllinois and is now Dean Emeritus at that
university.

Unfortunately, Dr. Everitt has been ill-treated by
the amateur community. His work on the off-center-

100

L
S

Q00

U
3
(SWHO) 30NYL2VFY

w
Q
<

-30

N
S
[}

100 -40

140 4.1 142 4.3 144 4.5 146 14.7 48 4.9 15.0
FREQUENCY (MHz)

fig. 17. Feedline input impedance on 20 meters as measured
with rf impedance bridge. The reactance never falls to zero
over the frequency range from 14 to 15 MHz.

fed antenna is largely unknown and certainly unrec-
ognized. Unhappily, the same thing happened to him
a second time. Everitt was the first to describe the
use of a pi network as a coupling device. He pub-
lished this work in the Proceedings of the /RE in
193112 and in Communications;13 the pi network is
also described in his book, Communication Engineer-
ing.'4 Arthur Collins, W9CXX, of Cedar Rapids,
lowa, recognized the advantages of the pi network to
couple the output stage of a transmitter to a trans-
mission line, and used it in his transmitters. This ap-
plication played an important part in establishing the
reputation that Collins equipment will load up to
“anything.”” Collins described the pi network to the
amateur cammunity in a QST article and in a similar
article Radio, 1% and the network became known by
old-timers as the ‘‘Collins Coupler’’ instead of, per-
haps, the “‘Everitt Easy Loader."”

[ believe these are excellent examples of how peo-
ple who have made notable contributions to the ad-
vancement of electronics developed their interest in
electronics through amateur radio. It would be inter-
esting to be able to look into a crystal ball to see how
the many young people who are today joining the
ranks of amateur radio through high school science
classes, or as CBers, will go on to make significant
contributions to future electronics.
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a progress report

An active receiving
antenna system

useful from

75 through 10 meters
capable of directing

a null toward

the interference source

The concept that man-made interference is a
receiving probiem that can best be handled by im-
proved receiving techniques rather than increased
power, voice processing, and similar transmitting
enhancements, can hardly be disputed. While the
high-power advocate may seem to be solving his
own difficulties, he can become a major part of the
problem to the rest of us.

What to do? One can’t always outshout the oppo-
sition. No amount of racket on the frequency can
prevent signals from point A reaching point B. Only
conditions of propagation can do that. What such
racket does do, however, is drown out and prevent
copy of the signals from A, unless means can be de-
vised at B to make the interference self-destruct. The
signal strength produced by a given receiving anten-
na is of little importance compared to the signai-to-
noise ratio it delivers. And you'd better believe that

selective receiving antennas:

Therefore, under interference conditions, it be-
hooves us to consider the use of a separate special-
ized receiving antenna system. If its signal level pro-
duction should be less than that of the transmitting
antenna, the difference can usually be made up by
suitable amplification, without loss of signal quality.

This article describes an active receiving antenna
system, useful from 75 through 10 meters, with the
ability to direct a null toward the source of the inter-
ference. The rejection of unwanted signals that can
be obtained can often make the difference between
solid copy and losing the battle with the interference.

design consideration

What sort of antenna is indicated for this applica-
tion? Obviously the major requirement is not forward
gain but the exact opposite: a broad coverage with a
deep null in the response pattern, which can be
directed toward the source of interference. Further-
more, you can get many more dB difference in a null
than in forward gain. Thus, our problem is to devise a
simple inexpensive system having just those charac-
teristics.

The familiar phased array with quarter-wavelength
spacing, although capable of an excellent null, is far
too cumbersome as a specialized receiving antenna
for the lower frequency bands. |f its elements should
be brought close together for compactness, mutual
coupling between the elements increases to a point
where phasing and power distribution go haywire
and complicate the problem beyond reason.

What to do? In the first place, coupling between
the antenna pickup elements should be minimized by
making the elements nonresonant. Secondly, an iso-
lating preamplifier following the antenna probe will
ensure independence of each unit. Thus, each pick-
up element acts as a probe in the electrostatic field of
the passing wave front.1

In an earlier antenna study, a wide range phase
control {phasor) was developed for pattern control of

all forms of man-made interference must realistically By Henry S. Keen, W5TRS, Fox, Arkansas,
be classified as noise! 72051
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a pair of vertical antennas.2 This phasor, which pro-
vided 180° of continuous phase control, was later in-
corporated in a feasibility study directed originally at
the 40-meter foreign broadcast probiem.3 The resuit-
ing conclusion was that a useful degree of rejection
was possible and that further study would be jus-
tified.

All-band system. In this effort, signals from two
small, fixed, active antennas with close spacing had
been combined in a quadrature hybrid, with control
of phase and amplitude. It soon became apparent
that, because of the close spacing, 180° phase con-
trof was overkill, and the single-band frequency limi-
tations imposed by the phasor and hybrid were unde-
sirable. Therefore, attention was directed toward the
development of an all-band receiving antenna system
without these restrictions.

Preamplifiers. The first requirement was the de-
velopment of improved preamplifiers to be used with
the antenna probes. They must be wide band, have
low noise response, and be stable. In addition to hav-
ing high gain, they must also have very high input
impedance, compatible with the tiny antenna probes
with which they would be used (2 foot or 0.6m
whips).

To obtain this high impedance, an MPF102 fet is
employed as a source follower, with feedback to the
bias network. Although this type of input stage may
seem to lose signal, the actual power gain is consid-
erable as the impedance level is reduced to several
hundred ohms. This stage in turn drives a bipolar
transistor stage, which is coupled to the coaxial out-
put line through a 3:1 stepdown transformer trifilar
wound on a T60-6 toroid core.
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fig. 2. Antenna Figure-8 pattern, calculated for 0.05-wave-
fength spacing between antennas.

Various means were tried to balance the signal am-
plitude of one preamplifier against the other, but the
method finally chosen was that which had been used
in reference 3; that is, by controlling the dc voltages
applied to each one (fig. 1). In this method the two
preamplifiers are in series, one being fed a positive
voltage to its npn output stage while the other gets a
negative voltage to its pnp output stage.

Identical lengths of coaxial cable were used be-
tween the antenna modules and the signal balancing
device, so that phasing was obtained mechanically
by rotating the boom upon which the modules were
mounted. This eliminated the phasor and resulted in
a Figure-8 pattern, (fig. 2).

Antenna pattern. The very sharpness of the null of-
fers both advantages and disadvantages. The rejec-
tion of a local amateur signal, for example, was a
walloping 60 dB, assuming 6 dB per S-unit. In a
crowded area where one has problems from “‘the
ham down the street” this arrangement may offer
much-needed relief. Rejection of skip signals was
less effective, as the multipath propagation effects
accompanying such signals introduced variations in
both phase and amplitude relationships of the sig-
nals. This had the effect, particularly on distant
signals, of making the direction of arrival appear
to vary.

It would seem that a reduction in the sharpness of
the null would improve this situation. Analysis of the
Figure-8 pattern indicates that signals that deviate
from the direction of the nuil will vary as the sine of
the angle of deviation. A cardioid pattern, on the
other hand, (fig. 3) should give a response based

may 1978 21



upon the delay between the time when a signal
strikes the first antenna and when it reaches the
second. This parameter should vary as the cosine of
the angle of deviation, and is therefore less critical.

Signal combiner. Many different methods of com-
bining signals from the two preamplifiers were also
tried and compared. For example, a CA3028 dif-
ferential amplifier was built with a balanced output
transformer, but was found to be unsatisfactory.
Spurious signals caused by IMD made it clear that
signals from the antenna modules would have to be
balanced out before further amplification could be
used. Too much continuous amplification, particu-
larly in a very broad spectrum system such as this,
pushes the final stage beyond linearity. Signal reduc-
tion inherent in the phasing-out process keeps the
amplitudes within limits.

fig. 3. Cardioid pattern, calculated for 0.05-wavelength an-
tenna spacing.

The most effective combiner, other than the fre-
quency-limited quadrature hybrid previously used,
was a toroid input transformer with separated pri-
mary and secondary windings. A bifilar primary was
used for improved balance. The five-turn secondary
was close wound and separated as far as possible
from the primary (fig. 4).

Each coaxial line from the antenna modules is ter-
minated by a 51-ohm resistor to reduce mismatch
reflections that might affect the phase of signals pre-
sented to the differential transformer.

Common amplifier. The amplifier that follows the
differential transformer was originally a broadband
unit similar to the preamplifiers. It was found that
spurious IMD signals were present, particularly on 20
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fig. 4. Method of constructing transformer T2 (A), and sche-
matic of output transformer T3 (B).

meters, caused by out-of-band commercial stations
causing overloading. At the same time, the overall
gain left something to be desired. The cure to both
problems was to place a tuned circuit ahead of the
common amplifier. The Q of the tuned circuit raised
the gain to an acceptable level, while at the same
time rejected signals responsible for the IMD.

For operation on different bands some means
must be provided for bandswitching this tuned cir-
cuit. This is what you must do with your transceiver,
so it doesn’t represent any additional operating
hardships.

Phasing method. The boom upon which the an-
tenna modules were mounted was approximately
two meters in length — an arbitrary choice. To ob-
tain a cardioid pattern, the coaxial line from one
module to the common amplifier should be longer
than the other by approximately 2/3 of the spacing
between the antenna probes (allowing for the velo-
city of propagation in the coaxial lines). Once ad-
justed, phasing should be independent of frequency,
right? Well, not exactly, for allowance is made for
the fact that signals arrive at different angles from
the ionosphere, and a minor compensation should be
provided. Either the phasing extension of the coaxial
line can be shortened, or the boom can be tilted to
correspond to the angle of arrival of the signal. A
compromise angle of 25 degrees was chosen.

B[
B[ain

GROUND GROUND
FOR PNP UNIT GROUND 6, CONNECT 588
FOR NPN UNIT GROUND 5, CONNECT 6868

fig. 6. PC-board layout for the preamplifiers (A), and com-
mon amplifier (B).



Strictly speaking, signals will arrive at different
angles on different frequency bands, with different
heights and with different conditions of propagation.
However, the exact angle does not seem to be too
critical. Phase differences in the two preamplifiers
will likely have a greater effect. With the Figure-8
pattern, there should be two nulls 180° apart. If not,
the change to the cardioid pattern will not be very
effective.

To be able to use either pattern, the extension

fig. 5. Amplifier schematics with PC-board mounting keys.
The npn preamp and pnp preamp are shown in (A} and (B);
the common amplifier is shown in (C).

should be an extra piece, which can be added to
either of the feed lines. The angle of signal arrival
does not affect the Figure-8 pattern.

As with all antennas, the higher and more in the
clear you can get it, the better. Other antennas or
structures in the vicinity can distort the pattern ob-
tained.

construction

The amplifier modules were built on PC boards as
shown in figs. 6 and 6. Transistor sockets were used
to mount the fets, which were inserted after all con-
nections were completed. Aithough sockets may be
dispensed with, if care is used in the assembly pro-
cess, the ability to quickly select and substitute in-
dividual fets to help balance the gain of each module
is worth the extra trouble. Where balance is as im-
portant as it is in this application, bargain-basement
transistors are not recommended. Procedures in
making PC boards have been well covered in the lit-
erature and are not repeated here. Perf board may
make an equally effective substitute if you're not
too fussy.

The preamplifier transformers use 22 turns, trifilar
wound, of no. 30 (0.26mm) enameled wire on a T50-
6 core; the windings are connected in series. Toroids
are conveniently mounted by inserting a small rolled
cylinder of paper through the center and applying a

drop or two of cement in the right places. The pre-
amplifiers are mounted in Miniboxes with a porcelain
feedthrough antenna terminal on one end and a
UG-625/U BNC connector at the other. Because of
their light weight they can be supported by the an-
tenna and output leads.

The common amplifier floats across the power
supply, operating from the full 12 volts, neither ter-
minal of which is grounded. Note that the output
transformer of this amplifier has an isolated second-

820

ary winding, rather than being an autotransformer,
as used in the preamplifiers.

The differential input transformer and the tuned
circuit combination is placed in a shield box, made by
soldering together bits of scrap PC board. At pres-
ent, operation on 20 and 40 meters is covered by
the tuning range of the trimmer capacitor, although a
complete bandswitching arrangement is scheduled
for the near future. The coil could be tapped, or
shunt capacitors or inductors switched in for opera-
tion on the other bands. The overall schematic of the
entire system is given in fig. 7.

preliminary tests

The common amplifier is first checked out by con-
necting a receiver to its output terminal and a signal
generator to first one input terminal and then the
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fig. 7. Overall schematic of the selective receiving system.

other. Use a series capacitor to avoid shorting the dc
on the input connectors. The tuned circuits should
be checked to ensure peaking on each band.

Dc voltages on the input connectors should be
checked as the balance potentiometer is rotated.
And don’t forget to mark the polarity at each con-
nector so that the right preamplifier will be connec-
ted to each.

An antenna preamplifier is now connected to the
proper input terminal with a random length of coaxial
cable. A short piece of wire clipped to the antenna
connector should pick up strong signals. Repeat the
test with the other preamplifier.

When both antenna modules have passed this
preliminary test, you are ready for the final checkout.
Both antenna modules are connected to the com-
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mon amplifier with equal lengths of coaxial cable.
Their Miniboxes should be clipped together and the
antenna terminals fed through a capacitive tee junc-
tion, as in fig. 8. The two antenna terminals should
not be directly connected together because of the dc
potential difference between the npn and pnp pre-
amplifiers.

The signal thus injected into each preamplifier is
identical in both phase and amplitude, and the bal-
ance potentiometer is adjusted for minimum signal.
To get a comparison first adjust for minimum signal
then disconnect one of the preamplifiers. A signal
increase of from 40 to 50 dB should be obtained. If
not, you will have to do some troubleshooting.
Ideally the dc voltages at balance should be equal on
each preamplifier, but 2:1 may be par for the course,

This null depth test should be made on all bands
where the antenna system will be used. If you can't
get a deep null at this stage, you are not likely to get
it later.

Having passed the null depth test, the system is
ready to be installed. Mark the coaxial lines and am-
plifier terminals, if it hasnt already been done, so
that there will be no polarity mixup. | found during
the null depth tests that rejection was better if the
outer conductors of the coaxial lines were tied to-
gether at intervals of several feet (about 1 meter). All
these things are better done on the ground before
the assembly is raised.

operation

Tuning up and adjusting a system of this kind can
be a frustrating experience if you don’t go about it
the right way. For example, you tune in a gooad
strong signal and start making adjustments only to
find that it's in an ssb net, operating VOX, and the
signals bounce back and forth so fast that you don't
know which one you are hearing. Or else rapid fade
makes you think you have a null when you haven't.
The foreign broadcasters are particularly trouble-
some in this respect. |f you try watching the S-meter
while tuning the antenna, that’s no answer either.
The trick is to reduce the receiver rf gain enough to
disable the agc, and then you can do it by ear. A CW
or SSTV station may be a better choice. You may
also find that a test signal fed into a separate antenna
is a useful aid in adjustment. A TV birdie sometimes
provides a good test signal.

The CW man can buy a great deal of interference
relief with appropriate “filter systems, but the ssb
operator, with his wider bandwidth requirement
must resort to other means. Some little operating
tricks are helpful. For example many 40-meter hams,
operating lower sideband among the broadcasters,
will operate several hundred to a thousand Hz
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below beat, letting the steep skirt of the crystal
filter take out the heterodyne and much of the mon-
key chatter. If the broadcaster is not too strong,
zero-beat works fairly well, particularly with the re-
ceiver’s rf gain turned down so that the agc doesn’t
fight you. Often overlooked in interference situations
is the simple expedient of switching sidebands. After
all, what is so sacred about lower sideband on 75
and 40 or upper sideband on the higher frequency
bands? Frequently it's not only easier to switch side-
bands than to hunt for a clear frequency but there's
a lot less chance of losing your contact in the
process.

closing remarks

In our battle for better radio contacts much de-
velopment work remains to be done. The directional
receiving antenna, of which this system is only one
possible variation, appears to be a promising area for
study. It is still in the experimental stage and there
are probably better ways of doing it. Perhaps we owe
it to ourselves to investigate some of them.

The major problem in this approach is the method
by which we balance out one signal against the
other. Alternative methods, such as the phasor-
hybrid combination of reference 3, worked very weli
on a single band. Another method that worked
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fig. 9. Alternative balancing method, which has been
tested. The balancing potentiometer is replaced by a ditier-
ential capacitor.

quite well was to obtain a phase reversal in one of the
preamplifiers by means of a reversed winding on one
of the output transformers, coupled with a differen-
tial capacitor ahead of the common amplifier (fig. 9).
This circuit acted as an amplitude control and elimi-
nated the need for the npn-pnp combination of pre-
amplifiers with the balancing potentiometer. It is
probably of equal merit with the system described in
this article, but most of us don’t have differential
capacitors in our junk boxes.

Yet another possibility, which has not been tested,
is shown in fig. 10. In-phase components would be
out of phase when arriving at resistor R, while out-of-
phase components would add, as in a lattice filter. it
would seem that the value of R would have to be
quite low for good rejection, but the tuning network
should retrieve a useful part of the loss.

No single piece of equipment can solve all of our
problems, and this is no exception. There are times
when it is very impressive, as well as times when
conditions of propagation make it less effective. Ad-

SIGNALS FROM YWV +

NONINVERTING
PREAMPLIFIER

st
L > W COMMON

ZAl AMPLIFIER
4

fig. 10. Another aiternative balancing system, which has not
been tested. In-phase signals would be out of phase at resis-
tor R, while out-of-phase signals would add. The tuning net-
work should compensate for signal loss because of the low
value of R.

vantages of as much as 30 dB have been obtained
when conditions were favorable. This has the effect
of reducing kilowatts to watts, a worthwhile gain.
During a contact, when someone opens up too close
to your frequency, it's most gratifying to turn the re-
ceiving antenna and hear the interfering signal fade
into the background. It doesn’t always happen that
way as the interference may be in line with your
contact; however, it's a satisfying feeling when
it does.

The forthcoming WARC confab is no guarantee
that we'll be any better off when it's over. Can we
afford to just sit around and wait?
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4 ELEMENT-3 BAND
10-15-20 METER BEAM

Cushcraft engineers have incorporated more than 30 years of design
experience into the best 3 band HF beam available today. ATB-34
has superb performance with three active elements on each band,
the convenience of easy assembly and modest dimensions. Value
through heavy duty all aluminum construction and a price complete
with 1-1 balun.

Enjoy a new world of DX communications with ATB-34!

SPECIFICATIONS
FORWARD GAIN - 7.5dBd WIND SFC - 5.4 Sq.Ft
F/B RATIO - 30 dB  WEIGHT - 42 Lbs.
VSWR - 1.5-1  WIND SURVIVAL - 90 MPH.
POWER HANDLING - 2000 WATTS PEP
BOOM LENGTH/DIA. - 18" x 2 1/8"
LONGEST ELEMENT - 328"
TURNING RADIUS - 18'9"
COMPLETE

UPS SHIPPABLE NO EXTRAS TO BUY
IN STOCK WITH DISTRIBUTORS WORLDWIDE

@ cushcraft

CORPORATION
BOX 4680, MANCHESTER, N.H. 03108



2 WETER S,

Ew.ms- = & ... Alive it activity at born

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

— FM and SSB/CW.

80) DSBAR ey o

A147-20T $54.95
. Extend your horizon — Explore the excit- 3

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

A144-10T $34.95 A432-20T $49.95
A144-20T $54.95 A14T-MB $15.95

PERFORMANCE ARRAYS

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

Dependable communications — Now Yours!

: IN STOCK WITH
SPECIFICATIONS
Model A147-20T A144-10T A144-20T A432-20T 1 DISTRIBUTORS WORLDWIDE
Center Freq. (MH:) 144.5/146.5 145.9 145.9 432
No. Elements 10/10 10 20 20
Weight (Ibs.} 6 35 6 35
Wind Surf. Area (ft.?) 1.42 74 1.42 37
Mounting Center Rear Center Rear
Dimensions (Inches) 40x40x140 40x40x70  40x40x140  14x14x57 THE ANTENNA COMPANY

P.0. BOX 4680, MANCHESTER, N.H. 03108
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multiband

vertical antenna system

A good ground system
and parasitic elements
enhance the performance
of a commercial

trapped multiband vertical

28 may 1976

This project started out as a simple installation of a
Hy-Gain 18AVT/WB vertical antenna. The
1BAVT/WB is a trapped vertical for 80-10 meters that
uses top-loading to achieve 80-meter operation. The
ground system began as a single 2-1/2 meter (8 foot)
ground rod driven in at the base of the antenna with
the base of the antenna mounted 30 cm (12 inches)
above the ground. The performance was good
enough to arouse my curiosity to see what improve-
ments | could experiment with to make the system
work even better.

Since avertical antenna is no better thanits ground-
ing system, that was a good starting point. | began
by researching the ARRL Handbook! and QST for
grounding information. K4ERQ's article on ground-

By Ladd Seaberg, WONCU, Route 1, Atchison,
Kansas 66002



ing systems for vertical antennas? provided the infor-
mation | was looking for.

The ground system grew slowly, from four radials,
each 10.7 meters (35 feet) long, to the final system of
72 radials shown in fig. 1. Theoretically this configur-
ation has a 2 dB power loss on 80 meters at 0.125
wavelength for 24 radials; a 1 dB loss on 40 meters at
0.2 wavelength for 60 radials, and slightly less than 1
dB loss on 20, 15, and 10 meters. As explained by
K4ERO in his article, it does little good to increase the
radial length unless you also increase the number of
radials.

The radial system was surveyed using a 1910 vin-
tage transit with a large magnetic compass. In my lo-
cation, magnetic north is 8 degrees east of true

fig. 1. Layout of the radial system used with WANCU's verti-
cal antenna system for the five high-frequency amateur
bands. The system uses a total of 72 radials: 24 are 11 meters
(35 feet) long; the other 48 are 8.5 meters (28 feet) long.

north. Eight degrees was subtracted from magnetic
headings so the cardinal radials are on true compass
headings, 45 degrees apart.

Long before | finished the ground system, the idea
of making the antenna system directional kept pop-
ping into my mind. | looked into both phasing3.4 and
parasitic arrays.5 | wanted to keep the system simple
but | didn't want to lose its multiband capabilities. |
finally settled on a three-element parasitic array; it
would be directional on 20, 15, and 10 meters and
built in such a way that | could remove the director
and reflector for omnidirectional use on 80 and 40
meters.

construction
The ground system was built from scrap no. 14

/’af4n‘

X N
I\
"\ 260

=\ iDO*

200
30"

fig. 2. Relative field strength of the three-element vertical
beam on 20 meters. The dotted line shows the radiation of
the center vertical by itself. Front-to-back ratio is 20 dB;
gainis4.1dB.

(1.6mm) and no. 16 (1.3mm) copper wire. An edging
spade was used to cut a small slit in the grass; then
the wire was pushed down into the slit. Using this
method, | didn‘t have to dig up the whole yard. All
the wires were terminated on a copper pipe, 30 cm (1
foot) in diameter and 30 cm (1 foot) tall which was lo-

Base of the driven element showing the length of large di-
ameter copper pipe used for terminating the radials. Narrow
slits were cut in the lawn to place 72 radials around the base
of the antenna,
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After the antenna was installed and tuned, the base was
covered with plastic sheeting and crushed stone to give it a
nice appearance.

cated at the base of the antenna. (The copper pipe
was a scrap piece from an old vodka still at the distil-
lery where | work as a chemical engineer; perhaps
this antenna should be called the “moonshine ver-
tical!”’)

The reflectors and directors are built of 26 mm (1
inch) aluminum conduit with 19 mm (3/4 inch) alumi-
num conduit slipped inside to make a nice fit. The
eight ground array supports are made of 3.2 cm
(1-1/4 inch) galvanized conduit. They are 1.2 meter
(4 feet) long with 75 cm (30 inches) driven below
ground. A 6.5 mm (1/4 inch) hole is drilled in the sup-
ports at ground level to drain out water. The array
elements slip easily into the ground supports; good
electrical connection is made with a 6.5 mm (1/4
inch) bolt in the elements which slips into a spade lug
on the ground support (see photograph). A wing nut
is used to quickly tighten the connection. The spade
lug on the ground support is in turn wired to the
radial running immediately below it and to the two
adjacent radials. The connections below ground are
wrapped and soldered.

The RG-8/U coaxial feedline is in a conduit which
runs underground approximately 11 meters (35 feet)
from the shack and comes up through the copper
ground-wire termination pipe.

tuning and measurements

The central driven element was tuned for minimum
swr on all bands starting with 28 MHz and work-
ing down to the lower frequencies, one band at a
time. The antenna dimensions are quite different
than those recommended by Hy-Gain because the
grounding system changes the resonant characteris-
tics of the antenna.

After this radiator was tuned up, the 20-meter ele-
ments were installed on the ground supports. The
director was raised and lowered for maximum gain as

fig. 3. Radiation pattern of the three-element vertical beam
on 15 meters, as determined by field strength measure-
ments, The dotted line shows the radiation pattern of the
driven element by itself. Front-to-back ratio is 11 dB: gain is
approximately 5 dB.

indicated by a field-strength meter; the reflector was
raised and lowered for maximum null. The front-to-
back ratio was 20 dB as indicated by the field-
strength measurements, with 4 dB gain over the ver-
tical without the parasitic elements. This was later
confirmed by WI9HF when | repeatedly turned the

table 1. Dimensions of the multiband vertical beam and its performance characteristics with the radial ground system shown
in fig. 1. The base of the driven element is 30 cm (12 inches) above ground. The height of the antenna on 40 meters is 5.11
meters or 16 feet, 9 inches (from antenna base to bottom of the top hat); the height of the antenna on B0 meters is 6.41 meters

or 21 feet, 1/2 inch (from base of antenna to antenna tip),

director driven reflector element front-to-
band length element length spacing back ratio gain
20 meters 4,67 m 377m 559 m 0.18M 20dB 4.1dB
15°4") (12°2-1/47) (18°4")
15 meters 290m 268m 381m 0.27x 11dB 5.0dB
9°6") 18'5-3/4") (12°6")
10 meters 2.13m 2.10m 2.74m 0.36M 6.4dB 5.7dB
7™ (6°10-5/8") 19°)
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beam to and from him as he gave me reports.

The distance from the driven element to the para-
sitic elements is 3.8 meters (12-1/2 feet) as recom-
mended by W2FMI for his 20-meter vertical beam.4
With this element spacing fixed, the front-to-back
ratio falls off as the frequency is increased, but the
gain over the single vertical increases.

Thus, the front-to-back ratiois 11 dB on 15 meters
with 4.95 dB gain over the vertical. The front-to-back
ratio on 10 meters is 6.35 dB with 5.68 dB gain over
the center vertical by itself (see table 1). Even
though this performance is a compromise between

7
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I

I
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i

N

fig. 4. Relative field strength of the three-element vertical
beam on 10 meters. Front-to-back ratio is 6.4 dB; gain is
about5.7 dB.

bands, it works out nicely since selectivity is more
important for a crowded 20-meter band, and gain is
more important for 10-meter DX work. (Comparative
field-strength measurements for 10, 15, and 20
meters are shown in figs. 2, 3, and 4.) The 10- and
15-meter elements were tuned in the same manner as
the 20-meter elements using trial and error while tak-
ing field-strength measurements.

WBOSOT helped man the station while | took the
field measurements and made adjustments to the
elements. When Joe went back to college in the fall,
| ran 75 meters (250 feet) of extension cord from my
operating position out to the measurement site so |
could key the transmitter and take field-strength
readings. The readings were taken with a Heath
HD-1426 relative field strength meter located about
50 meters (175 feet) from the antenna.

It is possible to build a combination antenna which
works well as an 80- and 40-meter vertical and as a

30
20\/

n§: 80 METERS
o0
10 1 —
3900 3950 4000
3o
@
’ 20\_/ 0 meTeRs
%]
L0 — . ]
7100 7200 7300
30,
*4
z 20 20 METERS
»
1.0 —_— 1 5
14000 14100 14200 14300
;
z 15 METERS

SWR

n [
< (=Y

Lo
21000

L I
21200 21400

FREQUENCY

(KHz)

30

[

20 10 METERS

—
28700

FREQUENCY (KHz)

1
28900

fig. 5. SWR curves for the multiband vertical antenna for
each of the five high-frequency amateur bands. The anten-
na system could also be resonated for use on the CW ends
of the bands if desired.

20-, 15-, and 10-meter rotatable vertical beam. It
competes with the towers even though it is very
close to the ground. In my opinion, the low-loss
radial ground system is responsible for its good per-
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formance. Since there are no conspicuous towers,
esthetically the antenna rates very high.

Many times | use the antenna as a single vertical,
even on 20, 15, and 10 meters. If | hear weak DX sta-
tions, | install the director and reflector in the appro-
priate direction. It only takes three minutes to go
from the shack to the garage, where | have a rack for
the elements, out to the antenna, and back to the
shack. The beam can be moved only in multiples of
45 degrees. However, this works nicely because the
direction beamwidth is approximately 80 to 90
degrees.

In the near future | plan to remove the top hat sec-
tion and install a 40-meter trap. | will then add
another section (approximately 6 meters or 20 feet)
for 80 meters. The completed antenna would be
guyed at the 40-meter trap level with nylon ropes.
This modification would provide greater bandwidth
on 80 meters. | would also like to try traps in the
director and reflector.

One of the ground mounts for the parasitic elements. The
wire wound around the mount is soldered to three radials
under the ground; it is attached to the base of the parasitic
element with a wing nut.

32 may 1978

Set up for making field-strength measurements using a
Heath HO-1426 field-strength meter. The field-strength an-
tenna was located 53 meters (175 feet) from the antenna
site,

| was recently talking to a New Zealander on 10
meters who said, "It sounds like a tidy little system.
You can take down the director and reflector and
play crogquet or soccer right there on the lawn." |
assured him that my antenna was very versatile,

If you talk to someone who says, ““Standby while |
run outside to move my director and reflector,”
maybe you've found someone else crazy enough to
try a multiband beam only 30 cm off the ground! The
antenna has been fun to work with and | welcome
any suggestions for improvement,
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The HEATHKIT SB-220

When the going gets tough — turn to the rugged depend-
ability of Heath’s SB-220.

Modestly priced at just $5639.95," this superb amplifier,
with its pair of air-cooled 3-500z’s, is capable of delivering
2000 watts PEP in on SSB and 1000 watts in on CW and
RTTY.

It's ready with a solid punch when traftic’s got to get
through, to squeeze out new DX, or to finish an important
QSO! But then, that's exactly the kind of performance
you'd expect from a piece of Heath-engineered Amateur
gear.

That same dedication to performance is evident in our
entire line of kit amplifiers. Look them over. SB-200,
SB-220, and the SB-230. Ask the guy who's built one.
Then join the thousands of Radio Amateurs who've
taken the sensible alternative and turned to Heath

for quality, value, and performance!

Heath Amateur Radio Gear...
...the quality that measures up!

More Details? CHECK — OFF Page 150

Lk

...rugged dependability!

Send for your FREE Heathkit Catalog today!
Or you rna; obtain a t.'til!aiug by lzxngmg this coupon lo

one of the 50 Heathkit Electronic Cenlers coast-to-coast = %
{units ol Schlumberge: Products Corp.). Where Heathkit He(“llk“
products are displayed, sold, and serviced. Retail prices 1 =S
on some producls may be slightly higher. See the white

pages of your telephone directory.

Heath Company, Dept. 122-410, Benton Harbor, MI 49022
B ) = s, ) (S ) (e 1 Pt T S =

Dept. 122-410, [
Schlumberger Benton Harbor, MI 49022 | g

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

Name

Address

City State

*Price is mail order, F.O.B. Benmon Harbor, Ml Zip
Prices and specifications subject 1o change without notice AM-369
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Using a hand-held
programmable
calculator

to increase

the utility of the
RX noise bridge

A true picture of antenna impedance is important
for maximum radio communications capability. The
RX Noise Bridge is the most effective and simple
measurement tool for the task.! Whether you use
this or any other instrument, the final key to success-
ful measurement is understanding and applying the
complex impedance data.

The Smith chart is the traditional graphic tool for
data reduction. It provides easy visualization of im-
pedance and vswr as well as telling you what hap-
pens at the other end of the transmission line.2 The
modern programmable pocket calculator and basic
transmission line formulas, however, will yield the
same information with ease and better accuracy.

antenna bridge calculations

Using all of these tools results in a better understand-
ing of your antenna and transmission line.

Hewlett-Packard HP-25 calculator programs are
provided for all formulas. Other types may be pro-
grammed by following the equations. A program-
mable calculator is recommended as a basic station
tool: the HP-25 was considered the most cost effec-
tive and easiest to use.

RX noise bridge review

The basic circuit of the RX noise bridge is shown in
fig. 1. A noise source serves as a wideband, untuned
generator, and the null detector is a frequency-accu-
rate receiver. Balance occurs when parallel resist-
ance and reactance of both arms are equal. Signal
output is then at a minimum. A fixed capacitor at the
unknown connection allows the variable capacitor to
balance with both inductive or capacitive reactances.

The RX noise bridge actually measures admittance
but is calibrated in terms of resistance and reactance.
This is possible from duality in expressing series and
parallel forms of impedance. Admittance is a parallel
of conductance G and susceptance B while imped-
ance is a series of resistance R and reactance X. Ad-
mittance is the complex inverse of impedance and
vice-versa. In addition, the reciprocals of G and B
can be used to express admittance as parallel resist-
ance and reactance. The fundamental relations are

Z=R+jX Y=G+jB Z=+%

By Leonard H. Anderson, 10048 Lanark
Street, Sun Valley, California 91352

* Nationwide discount house price for the HP-25 was $100 in early 1978.
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Remember that the ;" signifies the imaginary part of
the complex quantity pair. Impedance can be ex-
pressed in terms of conductance and susceptance by

Z=1G/(G?2 + B2)] — jIlB/(G? + B?)] (n

These are awkward to handle in actuat values so we
can use fundamental identities of R,=1/G and
Xp=1/B. The “p" subscript signifies paralle/ resist-
ance and reactance. The equation can now be ex-
pressed as

z=[-————R”X”2 ] -j [—»—R”ZX” ] (2)
Rp2 + X2 Rp2+ X2

Note the sign of the imaginary terms. At first glance,
this might appear that a capacitive susceptance has
an inductive reactance dual and vice-versa. Notso. A
capacitive susceptance and inductive reactance are
bositive quantities, inductive susceptance and ca-
pacitive reactance are negative.

It does not matter which way the parallel suscep-
tance/reactance sign is used: as long as a parallel ca-
pacitor has a series capacitor dual and a parallel in-
ductor has a series inductor dual, the noise bridge
can be calibrated to your choice. The RX noise
bridge by W6BXI and WENKU uses a negative induc-
tive susceptance calibration and this is carried
through in the calculator programs which follow.

simplifying complex
number operations

Here is where the scientific calcultor shines; the
ability to convert from rectangular form to polar form
and back again makes things easy. Equations 1 and
2 are unwieldy in that the same values must be re-
entered more than once for conversion of parallei to
series. A better way is to use polar form in division
and multiplication. If:

Z,=Mag, L Pha, andZy=Magy, /[ Phay

SIGNAL GENERATOR

o L, N .
UNKNOWN /J7
l NUL

L
DETECTOR

f

AT NULL: R, = R AND X, 3 —mmM——— . —
P ° [2mF (c,—cs1]

fig. 1. Basic diagram of the RX noise bridge. A complete de-
scription of this simple but useful instrument is given in
reference 2.

where Mag is the magnitude and Pha is the phase
angle, then

Z,+Zy = (Mag,*Magy) [ (Phag+ Phay)  (3)

Z, M
7= mﬁé‘; L(Pha, — Phay) )

Another useful property to be used later is

VZo=/Mag, (P

If your familiarity with rectangular and polar forms of
complex numbers is a bit rusty, the rules are:

Z=R+jX or Mag [ Pha
where
Mag=+/R2+ X2 {magnitude)
Pha = Arctangent (X/R) (phase angle)
R =Mag-Cosine(Pha) (real part)
X = Mag+Sine(Pha) {imaginary part)

A real and imaginary part is the rectangular form
while a magnitude and phase angle is the polar form.
They are just different ways to express the same
thing. A calculator can convert forms in a single
keystroke.

It may not be clear how all this will help you, so
let's examine the problem of finding the parallel
resistance and reactance after you have read the
bridge dials. The steps are:

1. Calculate conductance and susceptance.

2. Enter G and B into the calculator in proper
order.

3. Convert to polar form using the built-in
function.

4. Invert the magnitude and change the angle
sign.

§. Convert to rectangular form using the built-in
function.

6. Read outreatandimaginary part values R and X.

Measured values are entered just once. The calcula-
tor does the rest.

Still unconvinced? Suppose you get a bridge read-
ing of 20 chms Rpand — 10 ohms for Xpata particu-
lar frequency. Since these are parallel values, invert
20 ohms for 0.05 mho conductance and — 10 chms
for —0.10 mho susceptance. Go through the calcula-
tor steps and you will get an R, (series resistance) of
4 ohms and an X, (series reactance) of 8 ohms at
step 6. The s subscript is used for series values of im-
pedance so you can keep them separated from paral-
lel duals.

Eq. 2 will give equal results. R, would come out as
2000/500= 4 and X, would be 4000/500= 8. The dif-
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TRANSMISSION
LINE

(V)
LENGTH

(WITH ATTENUATION )

fig. 2. Basic transmission line configuration. Z is the im-
pedance of the generator {transmitter); Z, is the impedance
of the load (antenna).

ference is that you have to enter RP and Xp several
times during the calculation. Try it both ways with a
set of readings. Although polar/rectangular conver-
sion is easier, you can make the programmable cal-
culator do most of the work.

the first program

Program 1 is used to convert parallel bridge read-
ings into series values of impedance. Steps 01
through 16 take care of this task. Steps 17 through
43 are optional and yield vswr at the point of meas-
urement (more on vswr later).

Parallel-to-series value conversion uses the
polar/rectangular conversion functions of the calcu-
lator as described before. Susceptance is calculated
as 2xfC. Since MHz and picofarads are assumed, the
constant 27«10~ 6 is stored in Register 6. Data entry
steps are:

1. Press GTO, O, R/S (only for first set)
2. Key in frequency, press ENTER
3. Keyin Ry, press ENTER

4. Key in Cp, pressR/S

The first step is used only to tell the calculator where
to start in the program. in this and subsequent pro-
grams, steps are arranged so that the last value will
be displayed after a loop back to program start; you
just enter the data for the next set and start again.

Frequency, resistance, and capacitance use the
stack entry procedure at a single stop. Each time the
ENTER key is pressed, the stack moves up once. The
last item of a data set requires only the R/S key to
begin the program; the last item is already in position
after key-in.

The first stop (step 14) will display R;. If you used
an extender resistor, subtract its value at this stop.
You would do this anyway and subtraction here will
make the vswr values correct. Pressing R/S will dis-
play X, at step 16. Pressing R/S once more will tell
the program to proceed with vswr calculations which
are displayed after looping back to the stop at step
01. The calculator is ready to take another stack en-
try for the next data set.
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vswr equations

Voltage standing wave ratio or vswr is defined as3

yswr= 1*Lad (6)
1- |Pt|
where 77
— t Lo
Pe 2,+Z, )

p,= complex reflection coefficient at an ar-
bitrary point ¢ on the line

Z,= transmission line characteristic im-
pedance

Z, = impedance of line at point ¢

The difference between Z, and Z, is that Z, has some
sort of load on each end. If the load exactly equalled
Z,, then Z, would equal Z, and the vswr would be
1:1. Note that eq. 6 requires the magnitude of p,.

Transmission lines can usually be considered to be
resistive-only at vhf and below. This makes Z,=R,
+ 70 so, with a bit of algebraic manipulation

VSWR = %_Q (8)
when p
o =|pd
with (Ri- R 2+ X 9)

P7 ) RARP+X2
Where R, and X, are the real and imaginary parts of
Z, in the usual series form.
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pedance and vswr.



Program 1 uses eqs. 8 and 9 in steps 17 through 42
and requires the value of R, {characteristic im-
pedance) stored in Register 5 as a constant. The pro-
gram also uses R, in place of R,, X; in place of X,
since the vswr point is no longer arbitrary.

Some of the program steps may appear confusing
due to use of register arithmetic functions. This is
used to accumulate X,? in Register 1 and the value
R, + R, in Register 0. If needed, consult the HP-25
User’s Manual for these functions,

A separate program for vswr could be made by us-
ing only steps 16 through 43. Step 16 would
become step 01, step 43 would become 28, and no
step commands would be changed. Stack entry
would require only R, and X;.

rotation equations

These equations are used to calculate an unknown
impedance at the opposite end of a transmission line.
The word “‘rotation’” comes from Smith chart usage
where the measurement point is rotated around the
chart by a specified wavelength fraction. The
wavelength is dependent on frequency, physical
length, and velocity of propagation of the line.

The basic equations depend on which way you are
looking along the line. Fig. 2 shows the general case
where Z; is the load, Z,, is the line’'s characteristic im-
pedance, and Z. is the impedance seen at the
generator end due to mismatch between Z; and Z,,.
Best power transfer occurs when the transmitter or
generator has a source impedance equal to Zg. From
reference 3 the equations are

(10)

fig. 3. impedance plots on a 50-ohm Smith chart. Each of the
curves is discussed in the text.

z,~|Zc7 2024 2, (11
N KA

Eq. 10 is the same as clockwise Smith chart rotation
and marked there as ‘‘wavelengths toward genera-
tor.” Eq. 11 is counter-clockwise rotation and
marked ‘‘wavelengths towards load” on the Smith
chart. Notice that a new complex value of Z, has
been added. It has the value of tanh(a +jb) where
a = attenuation in nepers or decibels/8.686, and b is
line wavelength expressed as an angle.

If you have followed this far, you are probably a bit
confused. Either equation is enough to make a pro-
fessional engineer seek computer help. Now you can
understand why Phillip H. Smith invented his famous
chart in the 1930s when computers were non-exis-
tent. Don’t be afraid of the math because you now
have calculator heip.

The complex hyperbolic tangent of Z,; can be bro-
ken down to manageable terms by using some iden-
tities:

tanh(a + jb) = sinh(2a) + jsin(2b)

cosh(2a) + cos(2b)
Since
sinh(20) =7 7! and cosh(2a) = cutl
Then
Zy= [eﬁ’D— 1] +j [ZeﬁsgL(Zl))] (12)
where

D=e%a+ ]+ 2e2acos(2b)
e=2.718282 . .. (base of natural logarithms)

7.4 has now become manageable and has a real part
R4 and an imaginary part X 4. Each part can be
worked on separately and can use built-in calculator
functions.

Many calculations can use rotations with lossless
lines so let's find out what happens when attenua-
tion, a, becomes zero. Recall that anything raised to
a zero power becomes one. Under that condition,
the R, value becomes zero via its numerator and
X, =tangent(b).

Before going further, eqs. 10 and 11 have to be in
a more manageable form. We can use the fact that
Z, is purely resistive at lower frequencies so

(Rp+R4R,)+ (Xt R, X4)
Zg |- L TARRE TR R, (13)
(Ro+RIRy ~ X1 X4)+j(R4X  + R X4)
(Re— R4R,) +j(X;; — Ry X 4)
i o A R, (14)
(R,— RGR4+ XX 4)— j(R4Xc+RcX4)
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Program 2. Lossless line impedance point rotation
due to line length.

These may look worse, but they can now be mecha-
nized on the calculator. The numerators and denomi-
nators are complex numbers but a program can use
the simpler polar division operation for the answer.
Term grouping and the signs suggest that a calcula-
tor program can be used for both expressions with
only minor changes.

lossless line rotations

This should be limited to low frequencies or short
line lengths since attenuation is considered zero. It
has been established that only X4 is finite at zero
joss and is simply the tangent of line wavelength ex-
pressed as an angle. Using degrees and one wave-
length equai to 360 degrees, we can set up a
constant

K=0.366013 14t = 1.20083 tM. (15)
14 14
b4 ?
where
Ly, =linelengthin feet
Ly =line length in meters
Vp =velocity of propagation of the line

Velocity of propagation is usually the reciprocal of
the square-root of the dielectric constant in coax. Itis
different for twin-lead or open-wire line. These can
be found in handbooks or transmission line tables.4
Wavelength is frequency sensitive. Angular wave-
jength uses eq. 15 multiplied by the frequency in
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MHz. A lossless line situation is a special case so we
can use X4 = Xg = tangent(Kf) with f as the fre-
guency. The lossless line rotation equations are
simplified
ZoL= [ Ry +j(R,Xg+ Xp) ] (16)
(R,— X Xg)+jR1 Xk ?

7 - | RctjXg=R,Xg) R, (17)
LL (Ro+ XcXi)—JRcXk

the second program

This was written for eq. 17. Program start and
stack entry procedures are the same as Program 1.
Data set entry is frequency in MHz, R, and Xg, in
that order. The ENTER key is not pressed after keying
in X since it is the last item; simply press R/S to
start.

Constant K from eq. 15 must be preloaded into
Register 4. R, must also be preloaded into Register 5.
The first stop at step 38 will display R;; X, is dis-
played after loop-back to the stop at the first step.
Another stack entry may be done after reading X; .

Programming is straightforward but step 31 might
seem to violate polar division rules in that the angles
are added instead of subtracted. Step 12 accumu-
lates the denominator imaginary part (RgXg) as a
positive quantity in Register 3. After recall at step 18
and conversion to polar form at step 22, the denomi-
nator phase angle sign is changed. Rather than using
an extra CHS command, step 31 is an ADD (subtrac-
tion of a negative number is the same as addition of a
positive number).

Steps 33 and 34 mulitiply the numerator magni-
tude by R, to achieve the same purpose as the right
bracket multiply in eq. 17. Deleting these two steps
would yield normalized impedance values for the
result although the data input must be in convention-
al un-normalized form. Program 2 can be written to
accept a normalized impedance input if the equation
is re-arranged.

Program 2 can be easily modified to solve eq. 16;
just change step 17 to ADD, steps 21 and 31 to SUB-

table 1. Calculated values obtained from original bridge readings.

f.MHz R, C, Z; vswr zZ,
3.50 149* —163 15.93 +j 61.92 8.15 30.57-j 95.96
3.55 164* —163 20,99+ 72.14 7.63 26.95—j 86.04
3.60 202*% - 141 42.75+j 91.97 5.81 24.29-j 64.62
3.65 240 -98 85.91 +{100.28 4.4 24.11-j 50.14
3.70 129 -66 124.14 +j 24.57 2.60 28.59-j 30.76
3.7% 78 152 72.35-j 20.21 1.64 32.49-j 10.05
3.80 144* 20 43.32—-j 9.86 1.29 41.17+j) 7.54
3.85 121 -9 20.92+j 3.19 2.40 48.68 +j 44.61
3.90 118 -39 16.52+j 13.14 3.26 64.52+j 69.58
3.95 116* -65 12.08+j 20.97 4.91 78.74 +j106.83
4.00 17 -84 10.27 +j 27.24 6.36 98.80+j141.22

*indicates extender-resistor of 100 ohms used



TRACT, and use load impedance at stack entry. This
can be seen by inspecting the signs of each equation.

practical example

The noise bridge dial readings of the W6BXI/
W6ENKU article are used to ilustrate operations with
Programs 1 and 2; the results are shown in table 1.
R,, X,, and vswr at the generator are from Program 1

impedances are found by simply dividing real and im-
aginary parts by R,,.

Impedance will change rapidly around resonance.
For best accuracy, several more readings could be
taken and calculated where the vswr appears low.
Two to five times as many readings are possible with
an accurate receiver frequency calibration. The cal-
culator programs make short work of data reduction.

table 2. Calculated values from the first example with 0.8 dB line foss and the same impe-
dance readings at the generator end of the line.

generator
f. MHz Zg vsSwr
3.50 156.93+j 61.92 8.15
3.55 20.99+j 72.14 7.63
3.60 42.75+j 91.97 5.81
3.65 85.91 +{100.28 4.41
3.70 124.14+j 24.57 2.60
3.75 72.35-j 20.21 1.64
3.80 43.32-j 9.86 1.29
3.85 20.92+j 3.19 2.40
3.90 16.52+j 13.14 3.26
3.95 12.08 +j 20.97 4.91
4.00 10.27+j 27.24 6.36

while antenna impedance R; and X, were derived
via Program 2. The original 60-foot {18-meter) loss-
line line of 50 ochms characteristic impedance and vp
of 0.66 were used for rotation. Program 2 data entry
used two-decimal values, quite adequate for nor-
mal use.

Curves A and D of the Smith chart in fig. 3 are

load

Ra Xa Z vswr
0.4474 - 1.9267 8.25-j103.21 32.02
0.4015 - 1.8021 8.69 - 90.87 25.18
0.3628 - 1.6889 12.03-j 69.13 12.26
0.3298 - 1.5855 15.23-j 53.94 7.27
0.3018  -1.4907 23.30—-) 33.86 3.29
0.2774 -1.4033 29.45-j 11.27 1.83
0.2563 - 1.3225 39.44+) 874 1.36
0.2378 -1.2473 43.65+j 52.91 2.96
02217 -1 55.37 + 86.95 452
0.2075 -1.1114 55.13+j137.54 8.76
0.1949 - 1.0497 54.91+j189.95 15.08

operations with lossy lines
Fig. 4 shows the attenuation in dB per 100 feet (dB

per 30.48 meters) of common coaxial lines. These are
nominal since there is slight variation from one pro-
duction run to another, and between manufacturers.
You can see that attenuation becomes more pro-
nounced at higher frequencies.

table 3. Calculation of changes due to introducing attenuation pads between the noise

bridge and the line in the first example.

no pad 3dB pad 6 dB pad
f. MHz Z; vswr Z, vswr Z; vswr
3.50 156.93+j 61.92 8.15 44.15 +j39.56 2.29 51.09 +20.20 1.49
3.55 20.99+) 72.14 7.63 50.67 +j41.99 2.25 54.72 +j20.03 1.48
3.60 42.75+j 91.97 5.81 65.48 + j40.45 2.10 60.37 +j16.88 1.43
3.65 85.91 +j100.28 4.4 78.26+)30.64 1.92 63.97 +j11.59 1.38
3.70 124.14+j 24.57 2.60 77.71+j 6.51 1.57 62.27 +j 2.52 1.36
3.75 72.35-j 20.21 1.64 60.82—j 8.13 1.28 55.28—j 3.66 1.13
3.80 43.32—) 9.86 1.29 46.81—j 5.27 1.14 48.45-j 2.73 1.07
3.85 2092+ 3.19 2.40 32.99+j 2.19 1.62 40.70+j 1.31 1.23
3.90 16.52+j 13.14 3.26 30.60+j 9.43 1.72 39.54+j 5.78 1.31
3.95 12.08 +j 20.97 4.9 28.59+)15.72 1.99 38.85+j 9.80 1.40
4.00 10.27 +j 27.24 6.36 28.66 +20.64 2.15 39.51+j12.79 1.49

plotted from table 1. Curve A is the measurement
(or generator) end, and curve D is the antenna end.
There is a slight difference which is due mainly to the
resolution of the chart when rotating manually.
Resolution and manual errors are minimized with the
calculator programs; wavelength is automatically cal-
culated instead of being a separate operation.

Note that fig. 3 is a 50-ohm Smith chart and not
the usual normalized version. This is slightly better if
you are using a 50-ohm transmission line. Normalized

Complex attenuation/phase factor Z 4 must be pre-
calculated to use eqs. 13 and 14 on the HP-25. This
is a simple task when Program 3 is used and the out-
put data can be tabulated with four-decimal accu-
racy. This data will be used with Program 4 following.

Program 3 takes advantage of the fact that attenu-
ation variations are small over a narrow frequency
band. Attenuation is treated as a constant and ex-
pressed as nepers (dB/8.686) stored in Register 7 at
twice its value. Wavelength constant X is preloaded
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into Register 6 as twice its value also. Doubling of the
constants saves program steps.

The only stack entry is frequency in MHz at step
01. Real part R, is displayed at step 23 and imagi-
nary part X, displayed after loop-back to the first
step. Just key in the next frequency and press R/S
for the next Z 4 set.

Program 3 follows eq. 12 but may be confusing

constant was 2(0.366013 x 60/0.66)=66.5478 in
Register 6. Six-place constants were used for accu-
racy. Output data for Z 4 can be to four places.

impedance masking
by attenuation

This has already been stated but another example
is in order. Let’s take the first example again and use

table 4. Solution of attenuation and test angle or unknown transmission line by open- and short-

circuiting the load end of the line.

shorted load end

f.MHz R, C, zZ; R
21.0 190 125  17.56+j 56.03 310
21.1 220 110  19.48+j 62.50 280
21.2 250 100 20.68+j 68.86 250
213 280 85 25.12+j 80.02 220
21.4 310 75 28.78+) 89.96 190
21.5 340 65  34.30+j102.40 160

due to extensive use of register arithmetic functions.
It is a fairly good example of program optimization
and is worth study just for that reason.

Change the attenuation constant if tabulating Z 4
for more than one band. Attenuation is proportional
to physical length and can be found easily from
fig. 4.

rotations with lossy lines

Program 4 is written to mechanize eq. 14. There
are four items in stack entry: R, Xg, R4, and X4, in
that order. Remember that only the R/S key is
pressed after keying in X 4. The first display is R and
another stack entry can be done after display of X;.
Constant R, must be preloaded in Register 5.

We can use the previous example to show attenu-
ation effects. Assume the same bridge readings with
the same line length and Up- Now add a total attenua-
tion of 0.8 dB to the line, calculate Z4 with Program
3, and calculate the new antenna impedance with
Program 4. The data is given in table 2 and the new
impedance is curve E of fig. 2. Note that E is more
reactive than curve D.

If the antenna impedance was actually curve D,
then the measurements would show another curve at
the generator end that is closer to the center of the
Smith chart. This would be a ""masking’’ effect on
impedance due to attenuation.

Program 4 can be altered to find the generator im-
pedance from eq. 13 by simply changing steps 25,
32, and 35 to ADD, step 41 to SUBTRACT. Stack en-
try would use R; in place of Rg, and X in place of
Xt R4 and X 4 would remain the same.

The Z 4 tabulation used a constant of (0.8/4.343)
= (.184204 for a in Register 7 of Program 3; the 2K
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open end load Z, solution
C, Zs dB ¢, degrees
-75 29.78-j91.34 1.3315 37.4396
-85  26.56--)80.64 1.3319  41.1636
-100  20.68-)68.86 1.2854 45.0000
-110  19.15-62.02 1.3197 48.8323
-120 18.27-(56.02 1.3396 52.0243
-~ 140  15.75-47.67 1.3150 56.2338

only the measurement end data. Now assume that
short pads of 3 dB and 6 dB were inserted between
the noise bridge and line. To calculate this condition,
Program 3 used a zero line length. X 4 became zero
and R4 was frequency-insensitive with a value of
0.332275 for 3dB, and 0.598474 for 6 dB. Program 4
was modified to fit eg. 13 and results are shown in
table 3 and fig. 2 as curve B (3 dB) and curve
C (6 dB).

The original 8.15:1 vswr at 3.5 MHz dropped to
2.29:1 at 3 dB and only 1.49:1 at 6 dB. This not only
soaks up power but could fool a swr meter installed
at the transmitter. Suppose you had a 10-meter rig
with a total of 60 meters {200 feet) of RG-58/U coax
feeding the antenna. Total line attenuation from fig.
4 indicates a line loss of 4.5 dB. An antenna-end mis-
match giving an 8:1 vswr would show up as less than
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fig. 4. Attenuation versus frequency for common coaxial
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2:1 at the transmitter end. Only a calibrated noise
bridge and careful calculations tell the truth.

Larger coax for less loss is best at higher frequen-
cies. It also improves antenna measurements since
there is less “‘masking’” of impedance; the imped-
ance points move closer to the center of the Smith
chart with increased line attenuation,

Impedance masking by attenuator pads is an old
technique used in microwave bench measurements
to improve the “flatness’’ of the source impedance;
it's also a good idea at lower frequencies. Less ex-
pensive generators vary widely so a pad would make
the device under test “see’’ a better impedance.

Comparison of the plot points of curves A, B, and
C in fig. 3 will show no change in rotation position.
The same is true when comparing curves D and E.
Attenuation changes only the chart position away
from center even though the tabulated impedance
seems to change rotation. Rotation is strictly a wave-
length function and is due to frequency, line length,
and velocity of propagation.

transmission line quality

[t is common to run across some really juicy bar-
gains in coaxial cable at surplus houses; it is just as
common to find out there is no known identification
and the cable probably has different characteristics
than advertised. Is it good or bad? What is the char-
acteristic impedance? Velocity of propagation? All
are unknown. On the other hand, perhaps your four-
year-old feedline is going bad due to weather.

Fortunately there is a way to find out, and fairly
simply with an accurate RX noise bridge and another
program. Just check out the line itself with a short
and an open at the other end. This sounds too simple
so let’s investigate the theory.

Call the measured impedance with an open circuit
Z,. and the measured impedance with a short circuit
Z,.. From reference 3 we know that

Zy=N2Zoe Zsc (18)

This calculation is easily done manually in polar form
using eq. 5. Do this over several frequencies and
average the results. Averaging will dilute errors in
calibration and dial readings.

The next problem is to find attenuation and the ve-
locity of propagation. You can take a guess at v,,just
from examining the dielectric. The most common
type is polyethylene (v, = 0.6594); other solid dielec-
trics are close to this value. Foamed dielectrics will
vary a great deal. The vp guess is best since the line
wavelength should be an odd multiple of 1/8th wave-
length.

Choice of length is better explained by calling at-
tention to the bridge measurement limit contour. The

shorted-end measurements will be directly opposite
the chart from the open-end measurements. The RX
noise bridge cannot measure impedances falling at
the high-resistance end. The first step is to calculate

1+Z /2, (19)

Zu(polarform)z‘-7==1_ >
SC oc

From this we can find

dRB attenuation = 4.343 Log, (Z, magnitude) (20)

0, the test angle = (Zy phase angle) {21)
’ 2

Eq. 20 uses natural logs, not the base 10 or comman
logarithm. We are stuck with a “‘test angle’’ since
wavelength is not precisely known. Velocity of prop-
agation is found from:

_0.366013 f Ly _ 1.20083f Ly (22)

?+ 360n #+ 360n
where
f = measurement frequency in MHz
Ly = physical line length in feet

Ly = physical line length in meters
n = any integer number including zero

We can pin down the value of v, by using eq. 22 with
several values of n at each frequency. Egs. 21 and 22
assume the test angle to be in degrees and only one n
value will be correct; this can be found by inspection.

Program 5 was written to mechanize eq. 19. Stack
entry requires four values; these are obtained from
Program 1 — ignore the vswr data in this case. The
first display stop of Program 5 is the attenuation in
dB. The next display is test angle # after looping back
to the first program step.

example

You have a 20 meter (65 foot) length of coaxial
cable that appears to be RG-58/U but the markings
are unknown. The dielectric appears to polyethylene
so you can estimate wavelength using eq. 15. K will
be 36.0759 so it seems that multiplying this by 15-
meter frequencies will be correct. At 21.0 MHz you
get 757.670° {2.104 wavelengths) and 21.5 MHz
gives 775.710° {2.155 wavelengths). Measurements
are taken every 100 kHz.

table 5. Velocity of propagation test at different values of n.

v at different n values
f,MHz n=0 n=1 n=2 n=3 n=4
21.0 13.3439 1.2571 0.6596 0.4471 0.3382
21.1 12,1943 1.2513 0.6595 0.4477 0.3389
21.2  11.20817 1.2453 0.6593 0.4483 0.3396
21.3 102081 1.2395 0.6591 0.4489 0.3404
21.4 9.7863 1.2357 0.6595 0.4497 0.3412
21.5 9.0960 1.2283 0.6590 0.4502 0.3419
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The results of bridge measurements and data from
Programs 1 and 5 are given in table 4. Note: This
particular noise bridge had a 500-ohm potentiometer
instead of the original 260-ohm pot.

Characteristic impedance is found by manual cal-
culation with eq. 18 and is

74.49 £ 0.1800° at21.0 MHz
74.42 £0.1378° at21.1 MHz
71.90 £0.0000° at21.2 MHz
73.78 £ —0.1345° at21.3 MHz
74.60 £0.1612° at21.4 MHz
73.63 L—0.1177° at21.5 MHz

The average Z, is 73.80 ohms over six frequencies.
The small angle residue comes from minor calibration
and measurement errors can be ignored. If it is over
5° you have done something wrong or the bridge
limits have been exceeded.

Average attenuation is found to be 1.3205 dB.
Trials of n values for v, are given in table 5. This
table shows that low n values have a steadily de-
creasing v, with increasing frequency while high n
values have steadily increasing vp. The correct n
value has Up bouncing around some average value.
Data at n =2 is steadiest and the average is 0.6593.
The guess at polyethylene dielectric was correct.

This cable example was actually RG-59/U and a
manufacturer’s reject sold as surplus. A check using
an HP 8507A Automatic Network Analyzer over
many more frequencies showed that the cable Z,
was actually 73.0 ohms and attenuation measured
1.30 dB. At only six frequencies the noise bridge was
1.1 per cent high for zZ, and 1.6 per cent high for at-
tenuation, a very good score for equipment costing
one-thousandth of laborataory instruments!

jumping over the
measurement contour

The noise bridge is limited at high R, or large X
values. A novel suggestion by Dean Straw, N6BYV, is
to use a fixed resistor in shunt with the potentiom-
eter.5 This could be plugged into the TUNING arm of
the bridge and still have the option of using the ex-
tender resistor on the UNKNOWN arm. A problem is
that calibration must be done very carefully.

N6BYV cites the case of a marine whip antenna hav-
ing an impedance of 10-j400 ohms at 2 MHz. Even
with the extender resistor, a null is not possible. The
Ry, value would have to be 1565 ohms. Placing a 220-
ohm fixed resistor across the potentiometer allows a
null at an R, of 193 ohms. C, would be — 185 pF and
at the capacitor limit.

The need for accurate calibration can be seen by
comparing the impedance derived from measure-
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ments versus required values. A dial reading of 193
ohms R, and —-185 pF C, will calculate as
21.24-j392.72 ohms. Correct dial readings should
have been 192.88 ohms for Ry and — 184.96 pF for
Cp. A very small change in R, gives a very large
changein R;.

Another method, more accurate with calculator
help, is to use an extender line. This is used between
the noise bridge and the unknown. Length should be
between 1/8th and 3/8th wavelength to bring you
back inside the limit contour. The extender line can
be measured using the short/open method described
before, then tagged for reference.

A small pad can also be used but should not ex-
ceed about 3 dB to retain accuracy. Program 4 is
then used with the pad added to line attenuation.
Eighth-watt carbon composition resistors are suitable
for the pad and the finished unit must be checked
carefully.

using an extender line

The procedure for using an extender line is simple.
Take bridge readings with the extra line between
bridge and unknown. Check for good nulls; a poor
null will tell you that the extra line is either too short
or too long. Try an extra extender if necessary. Find
the total line length.

The first step is to use Program 1 to obtain
“extended”” Rg and X values. The second step is to
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SWITCH TO PRGM MODE, PRESS [f]} [PRGM], THEN KEY IN THE PROGRAM.

SPLAT KEY Y z T REMARKS MEMORY.
LINE CODE ENTRY REGISTERS
i | RC _ ed

o0
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oo} 74 L RS | F b2 —
0z 24706 | RCL 6 | THAG] STN 2KF
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ZeaC0S

23 71 00 [-STO :0 |DENOM, BEGISTER
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SEE TEXT
| 15T0°1} ] . A7 a=dB/%.343
22 2% RCL 1 RA ] 1 CONSTANT,
2y R/S RA [DISPLAY REAL PART

1% 24 03 JRCL 3 | 2KF
[ 14 f SIN |SIN 2KF

I
| DISPLAY IMAG.

20 ] N PART AT STOP
L OF STEP 01

Program 3. Complex attenuation-wavelength factor.



“look backward’’ on the total line to find impedance
at the desired point. This can be done with either
Program 2 or 4, each modified to solve for Z;.
Length for the second step is that of the extender
alone, not the total line length. The data output is the
impedance at the desired point.

Puzzled? The first step brought you within the
measurement limit contour but the length was longer
than actual; the impedance was rotated too far in a
counter-clockwise direction. The second step found
the correct impedance by clockwise rotation of a
wavelength determined by the extender line.

Characteristic impedance of the extender line must
be equal to the measured line for the two-step proce-
dure. A solution with different impedances is possi-
ble but the math is lengthy. A direct measurement
without transmission line would use the Z, of the ex-
tender line.

An extender line can be of different dimensions as

long as the equal Z, rule is met. A word of caution .

with RG-68/U: Common RG-58/U and RG-58B/U
have a Z, of 53.56 ohms, while RG-58A/U is 52.0
ohms; RG-58C/U is 50.0 ohms. RG-58C/U is recom-
mended as a general-purpose 50-ohm line since it is
extra flexible and more durable for test work.
keeping tabs on

that new antenna

Weather takes its toll on all antenna installations.

HP-25 Program

SWITCH TO PRGM MODE, PRESS [f] [PAGM], THEN KEY IN THE PROGRAM
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Program 4. Impedance point rotation on lossy lines
due to line length.

A good way to locate potential problems is to period-
ically measure the line and antenna. Take readings in
both good and bad weather; snow, ice, or rain can
cause impedance changes on good antennas.

You might be able to catch a line break before it
happens. A poorly sealed coax can cause erosion of
the center conductor, changing both the impedance
and attenuation at one end. Direct cable feeds to ro-
tating antennas can bend and stretch the coax out of
shape.

The near-field or Fresnel Zone (about five wave-
lengths from center) can include trees and poles.
This may cause impedance changes with rotary an-
tennas. Try measurements at different azimuths. Im-
pedance changes will warn you to expect different
transmitter loading at certain antenna directions.

Fixed antennas are not immune to change. Trees
grow sfowly and old ones may be cut down. House
remodelling can cause changes, t0o. Replacement of
rain gutters can change the local ground of a rooftop
mount. In one observed change, a 40-meter vertical
mounted on a back wall was changed by adding an
aluminum patio roof. The pattern was also changed,
but the noise bridge can’t measure that.

the forgotten receiver

Receiver agc can fool the best of us even if the in-
put impedance is grossly mismatched (many receiv-
ers are faulty in this respect). A good communica-
tions link needs best performance in both directions
so it's a good idea to check your receiver, 100.

If you have one accurate-frequency receiver and it
was used as the bridge detector, you have to substi-
tute. A general-purpose communications receiver is
good enough and you can calibrate it using received
signals from local stations.

Most receiver designs use preselector tuning of the
front end. Don’t forget to peak the preselector; noise
from the noise bridge generator is good for this. An
off-peak preselector will reflect a different imped-
ance. A known input impedance and thorough sche-
matic study will be enough to tell you what to do for
a best match.

cautions with high vswr

High vswr may be unavoidable, but peak volitages
and currents must be considered in relation to the
line and matching network. The following rela-
tions help

Epear = Enominat V2 VSWR {23)

I[)eak = Lominai N2 VSWR (24)

Nominal values are rms at a perfect match.
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HP-25 Program

SWITCH TO PRGM MODE. PRESS {f] [PRGN]. THEN KEY IN THE PROGRAM
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Program 5. Calculating properties of unknown transmission
line from open- and short-circuited measurements.

Assume perfect conditions with a 400-watt trans-
mitter. Line voltage with a 50-ohm load is 141.42 rms
or 200 volts peak. Line current is 2.8284 amps rms or
4 amps peak. Now change the load so that the vswr
is4:1.

At a certain line wavelength, the transmitter may
see an impedance of 200 + j0 ohms. At maximum real
part and minimum imaginary part of impedance, eq.
23 will apply. Peak voltage is 400 or twice the perfect
condition. Changing the line length by exactly a
quarter wavelength will change the load to 12.5+j0
ohms. Eq. 24 indicates a peak current of 8 amperes.
Peak values increase by the square-root of vswr at
both lengths. Both the transmission line and match-
ing network must handle these peaks or breakdown
oceurs.

Other line wavelengths will present different loads
to the transmitter. This can be seen by following the
vswr circle on a Smith chart. A long transmission line
can have both peaks; voltage breakdown rating is the
prime consideration. Power handling capability is
next. It is a good idea to check both from cable
tables.4.6

If at all possible, try to match at the antenna. The
reason is peak line current, Center conductor heating
in coax will increase attenuation in peak current
regions; heating increases conductor resistance for

*Tape the transmit switch to receive-only or you can damage the bridge
and don't forget you need a commercial ticket to adjust the CB transmitter.
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more loss. It is worst in warm weather. Balanced
lines have a similar condition but it's less pronounced
— impedance is generally higher and the current is
divided equally in each wire.

High power impedance may be different at high
vswr than that measured with low power bridge
readings.

baluns and balanced lines

A balun transformer allows you to check twinlead
and open-wire lead with the RX noise bridge. How-
ever, the balun itself must be carefully checked since
it becomes part of the bridge. Checks and calibration
are done in the same manner as original bridge cali-
bration.

Impedance-change baluns will affect bridge read-
ings. Both real and imaginary series values must be
multiplied by the impedance-change value. All other
programs use the balanced line characteristic im-
pedance.

Remember to keep away from the field around bal-
anced lines. Measurement errors can be made if you
are too close to the balun attachment point. You can
also use Program 5 with balanced lines. A suggestion
is to suspend the line to be measured by string from a
rope. A 1-meter (three foot) distance above ground
should be sufficient.

other uses

The RX noise bridge lends itself to any frequency
in the high-frequency band. It is well within the FCC
rules for incidental radiation. N6BV cited its use with
a marine whip; it can also be used to check an SWL's
long-wire.

Your CB neighbor might even be won aver to ama-
teur radio. Offer to check out the CB antenna and
give suggestions if the readings aren’t good.* The
double handful of bridge and calculator, plus scratch-
pad and this issue of ham radfo {for the programs, of
course) can be impressive. Just be prepared for a lot
of questions if friendly neighbor starts reading the
magazine!
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noise bridge calculations

with Texas Instruments

Programmable 58/59 calculators

The description of the RX noise bridge which
recently appeared in ham radio! came at a propitious
time — | wanted to build a three-element vertical
phased array for 20 meters and faced the prospect of
tuning the system with a dip meter! A capable noise
bridge seemed an ideal answer and the version de-
scribed by W6E6BX! and W6NKU was successfully
built and tested.

Only one problem remained: | had no Smith charts
to convert the series impedance values at the end of
the feedline to series impedance values at the anten-
na feedpoint. A little study also revealed that it would
be difficult to read or enter values with any precision
in certain regions of the Smith chart. Finally, since |
normally have five or six frequency-impedance com-
binations to process for each trial antenna length
(times three for my phased array), the graphical con-
struction technigues using a Smith chart would take
a very long time.

the solution — a calculator program

My solution to this dilemma appeared in the form
of a newly-purchased Texas Instruments Program-
mable 58 calculator. This remarkable calculator
packs up to 480 program steps or up to 60 memories
in a small hand-held unit. (The user may partition the
available memory between program and data storage
to suit his needs.) More importantly, the 25-program
“Master Library Module,”” a small plug-in element
containing the equivalent of 5000 program steps,
provides extensive vector algebra capability; — this
is precisely what | needed to perform Smith chart cal-
culations. (If you can afford it, the Programmable 59
possesses even more memory and provides the capa-
bility for storing and entering programs using small
magnetic cards; this is especially useful for long pro-
grams.)

A little digging in a local library provided the neces-
sary formulas;2 some rearrangement to suit the prob-
lem led to eq. 1, below. This calculates the equiva-
lent series impedance Z, of the termination of a trans-
mission line (characteristic impedance, Z,) of a given
electrical length N\, when the equivalent series input
impedance Z; is known.

g LollicosN ~jZ,sinN)
" (Z,cos N —jZ;sin \)

Note that all impedances must be treated as vector

quantities. Once the impedance at the termination
(the antenna) is known, an additional calculation
quickly provides the vswr at the antenna

a

I+[p (2)
vSWwr = e
1=|p’]
42,
P =741z,

Again, the impedances must be treated as vector
quantities.

The program presented in fig. 1 handles all these
complex calculations in a matter of seconds, includ-
ing the series-parallel impedance conversions and the
range extender correction described in the original
noise bridge article. This makes it easy to perform
many trials on an antenna system in a very short
time. While the program is long {184 steps), the time
spent entering it pays large dividends in time saved
during antenna adjustments. (For the Programmable
59 owners, magnetic card storage makes this a one-
time concern.)

program details

The flow chart (fig. 2) depicts the various modules
of the program. You should consult the noise bridge
article for the equations for calculation of X,,, con-
version of parallel to series impedance, and the range
extender correction.

The correction factor for the range extender can
vary with frequency, so register 19 is set aside to
contain that value. When you have determined the
exact value, simply store it in register 19 when you in-
itialize the calculator.

Since you will normally be working with many
bridge readings taken with the same piece of trans-
mission line, each case after the first does not require
the input of the line length or its characteristic
impedance.

You will notice that the electrical length of the line
is expressed in radians instead of degrees. When the
calculator enters the ‘‘Master Library Module” pro-
grams 04 and 05 for the vector calculations, itis setin
the radian mode and remains there upon its return. If
the equation for the electrical iength was expressed
in degrees, each case after the first would be in error.

By T. J. Anderson, WD4GRI, 1907 Lodgepole
Avenue, North Augusta, South Carolina 29841
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fig. 1. TI-568/59 program for calculating antenna impedance and vswr from RX noise bridge measurements.

Eq. 3 gives the electrical length, \”, in radians. 4. Press CLR and RST.

5. In order: enter characteristic line impedance in

ohms, line length in meters (feet), frequency in

MHz, bridge resistance, bridge capacitance, and

Where N . range extender status, pressing R/S after each
l physical line length in meters or feet .

entry. {(Range extender status =1 if the extender

f = frequency in MHz .
v = line velocity factor was used, 0if not).

\ = (LQSiilf(meters) = Qioé——zM(feet) 3)

i

I

6. After a few seconds the calculator will display
the series resistance at the antenna; record the.
value and press R/S.

The factor (0.02095/v or 0.006386/v) is entered in

register 16. For RG-58/U (v=10.66), this factor is

0.03174 for metric lengths (0.009675 for feet). A sub-

routine (steps 200-212) is used in the parallel-series 7. Next the calculator will display the series reac-

conversions to reduce the length of the program. tance at the antenna; record the value and press
R/S.

using the program
8. Finally, the calculator will display the vswr.

Y ou should become fairly familiar with your calcu-

lator's programming manual before you attempt to 9. If you are using the same transmission line at a
enter this program. The 7/-58 is a very complex logic new frequency, enter the new frequency in MHz,
system. When you are ready, do the following: the bridge resistance, the bridge capacitance, and

the range extender status pressing R/S after each
entry. The results are displayed as before. If you
are using a different transmission line go to step
4. (Remember to change register 16 if the velocity
factor of the line is different.)

1. Turn the calculator on and enter the program.
The machine’s extensive editing capabilities and
the program key codes will assist you if difficulties
arise.

2. Convert the calculator to the radian mode (2nd . . .
It is very important to verify correct entry of the

Rad). program before use. You can do this by runnning a

3. Enter the appropriate constants (see program) couple of cases from table 4 of the noise bridge arti-
in registers 15, 16, and 19. cle.’ Choose one case using the adaptor and one

46 may 1978



a ——— ENTER 2, AND
o=4
L — - LINE LENGTH
fo' = = ENTER FREQUENCTY AND
p’ - ':,p — - BRIDGE READNNGS 573
i
YES il
-2t
wo rol STORE CORRECTION

IN REGISTER IT

]

CALCN ATE ELECTRICAL

22-32
LENGTH OF LINE

CALCULATE Xy
35—-43
AT FREQUENCY

CONVERT PARALLEL TO dd4-58

SERIES IMPEDANTE 200-212

I
|
|
)
1
I
I
|
I
I
I
|
|
|
|
|
|
|
|
|
|
|
|
)
)
]
|
)
|

CORRECT FOR RANGE A

EXTENDER IF USED s0-6/

l

Ry (ANTENNA) =———) SMITH CHART SUBSTITUTE
CALCULATE SERIES 62-i25
Xy (ANTENNA) =———1 |MPEDANCE AT ANTENNA

NEW FREQUENCY AND
BRIDGE READINGS
126166 167170

CALCIN ATE VSWR —
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fig. 2. Flow chart for the T1-58/59 program for calculating an-
tenna impedance and vswr.

without. If you run into trouble, check the key codes
versus those appearing in the program.

summary

I have used this program with great success to
tune my 20-meter array. What would have taken
weeks to accomplish with Smith charts required only
a couple of evenings with the Programmable 7/-58
calculator. As you become familiar with the calcula-
tor and the program, you can adapt them to your
own special needs. I'm sure you'll be very impressed
with the calculating power this system provides.
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Larsen...

the coolest antenna
in town

gives you the
hottest performance!

Since the first Larsen Antenna was introduced some
15 years ago, this basic fact has not changed:
Larsen Mobile Antennas are designed and built

to outperform.

With the introduction of the Larsen exclusive Kulrod
whip, this superior performance is a fact more
than ever.

We're not going to confuse you with details on
metallurgy, radiation resistance, plating systems and
all that. Instead we suggest that you make this
simple test:

Take any antenna other than a Larsen ., .. one with a
regular unplated 17-7 PH stainless steel (.100/.050)
tapered whip. Apply a good husky signal toit. .. 100
waltts, for, say, a full minute. Then, power off, feel
the antenna. Careful! Burn blisters aren’t pleasant.

Next . .. try a Larsen Kiilrod Antenna. Put it to the
same test.

Amazing isn't it!

That's our story. Heat means power . .. power that isn't
radiated . . . power you shouldn't throw away. With the
Larsen Kulrod, power goes into communicating
instead of heating the antenna. That's why you can
HEAR the difference.

Larsen Antennas are available to fit all styles of
mounts and to cover Amateur frequencies from 6
meters through 450 MHz. Write for complete catalog
and list of dealers nearest you.

rsen Antennas

11611 N.E. 50th Ave.
P.O. Box 1686
Vancouver, WA 98663
Phone: 206/573-2722

In Canada write to:
Canadian Larsen
Electronics, Lid.

1340 Clark Drive
Vancouver, B.C. V5L 3K9
Phone: 604/254-4936

* Kulrod is a Registered
Trademark of Larsen
Electronics, Inc,
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tree-mounted

for 80 meters

Using elevated
ground-plane antennas
you eliminate the need

for an extensive
ground radial system

Even though winter has passed, and solar activity
is on the rise, 80 meters always provides excitement
for the nocturnal amateur who craves DX. Many
amateurs have a desire to erect an antenna that will
punch through the pile-ups better than the standard
dipole or inverted V. And, people's thoughts ulti-
mately turn to the vertical antenna with its inherent
low angle of radiation. However, most amateurs
discard this idea because of the necessity for an ex-
tensive ground radial system. Having faced the same
perplexing problem, a viable solution was found in
Orr’'s Radio Handbook! — his description of a low-
band ground-plane antenna. Its simplicity and four
elevated ground radials readily pointed to tree
mounting the antenna, and with several tall trees on
the property, my solution was near at hand.

My initial fear of rf absorption by the foliage and
oblique branches was dispelled by the realization
that at the 80-meter frequencies the wavelength is
much too long. There would be some inductive
coupling to the tree trunk, which is conductive to a
degree, especially when the sap is flowing, but the
effect is negligible.

The first hurdle was mounting the 18.9 meter {62
foot) vertical section 4.6 meters (15 feet) above the
ground in a maple tree only 18.3 meters (60 feet)

ground-plane antenna

verted L, my tree-mounted version could have a bent
top section as well. An added benefit of the bent top
is the additional capacitance which makes the anten-
na appear electrically longer.

construction

The first ground plane was constructed in my
basement using no. 12 AWG (2.1 mm] insulated wire
for the vertical section and ground-plane radials (fig.
1). From past experiences, |I'd learned that insulated
wire considerably reduces precipitation static and
has no noticeable effect on the radiation or reception
of signals.

| designed the antenna for 3.8 MHz by using the
standard quarter-wavelength vertical formula of:

vertical element length =

L3 eters o ﬂ-ff ¢
f(MHz) " 0T fiMHz) T

Since the horizontal portion tended to top load the
antenna, the antenna resonated at 3785 kHz, slightly
lower than the design frequency. This was of little
consequence because of the broadband character-
istics of the antenna.

The four radials were cut 2-1/2 per cent longer
than the vertical radiator. Each was soldered to a
mounting hole of an $S0-239, with the quarter-wave
vertical section soldered to the center pin of the con-
nector. For mounting and tying down, small ceramic
insulators were attached to the ends of the ground
radials and quarter-wavelength vertical section.

mounting and installation

Mounting the antenna in the maple tree was much
easier than | had anticipated. After deciding where
the antenna would fit with no obstructions to the
spreading ground radials, | used the bow and arrow
technique to thread a small fishing line over the ap-
propriate branch. Adding weight to the tip of the

tall. | came to the conclusion that since Marconi's By Joseph D. Liga, K2INA, 1 Stirrup Lane,
original grounded antenna was in the shape of anin-  Eatontown, New Jersey 07724
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arrow will ensure a vertical descent and prevent
hang-up in the branches.

With 36.5 meters (120 feet) of plastic clothes line
attached to the monofilament line and also the radia-
tor of the antenna, it was then easy to pull the rope
through and subsequently raise the antenna base 4.6
meters (15 feet) above the ground. As a result, the
top portion of the quarter-wave section extends
about 4.6 meters (15 feet) from the top branches,
slanted towards the point of tie down. | attached the
clothes line as high as possible in a nearby tree to
minimize the slant of the bent top.

Since most of the antenna current flows in the
lower half of the vertical quarter-wavelength section,
the entire upper half can be bent over without serious
degradation. It should be noted that the longer the
flat top or bent portion, the greater will be the top
loading, and consequently, the lower the resonant
frequency.

The radials were slanted to tie points about 1.5
meters (5 feet) above the ground, and spaced ap-
proximately 90 degrees apart. They also serve as
guys to stabilize the base of the antenna, but should
not be brought too close to the ground because the
electric field must be confined between the vertical
radiator and the groundplane, rather than the lossy
ground. The return current will then flow in the high-
ly conductive groundplane radials with little power

The first ground plane antenna, but with six radials instead
of the original four. The spiral at the base of the antenna is
plastic line taped to the base portion for reinforcement.

™ % U ‘l“iw 9.
ay = Tl

INVERTED L

*10 TIE DOWN

INSULATOR

PLASTIC
P CLOTHES <,
» LINE ——="g

fig. 1. Diagram of one of the tree-mounted ground-plane an-
tennas. The radials are spaced approximately 90 degrees
apart and slope at an angle of about 20 degrees from the
harizontal.

loss. This is an important consideration close to the
base of the antenna, since the current is at a maxi-
mum. If the base of the groundplane must, from
necessity, be located a short distance above the
ground, additional radials (at least four more) must
be installed for efficient operation of the antenna.
Even spacing of the radials provides a more effective
groundplane.

A few words of caution are in order here. The end
of each radial is at a high rf voltage point. The posi-
tion where a radial is tied down should not be in a
location where it can be accidentally touched.

base impedance

The impedance at the base of a ground-plane an-
tenna is about 35 ohms with horizontal ground-
plane radials, but will increase as the radials are
sloped downward. A slope of 45 degrees from the
horizontal will raise the base impedance to about 50
ohms. However, a 45-degree slope is quite difficult to
achieve in an 80-meter tree-mounted version. My
radials slope at an angle of 20 degrees, producing a
base impedance of 40 ohms. Attempts to lower the
radials or increase the droop did not significantly
change the impedance. By using a 50-ohm, low loss,
coaxial cable, the 1.25:1 mismatch is of little con-
sequence.

initial testing

The tree-mounted, ground-plane antenna per-
formed beyond my expectations. It loaded up beauti-
fully and the swr at the end of a one-half wavelength
of transmission line was close to the expected 1.25:1.
At the band edges, the swr did not exceed 2:1, which
verified the broadband characteristic of the antenna.

On the first night of extensive on-the-air tests,
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fig. 2. Horizontal radiation patterns for the pair of phased ground planes, spaced one-half wavelength apart. Pattern A is with a
phase difference of 30 degrees, B with 180 degree phase difference, and C, no phase difference.

contacts into Europe showed the ground-plane to be
one S-unit stronger than my sloping quad antenna.?
Subsequent European contacts, and a later contact
with ZL2BT, confirmed the superior performance of
the ground-plane antenna.

During several weeks of operating with a single
ground-plane antenna, | found that the horizontal
portion of the vertical element provided an advan-
tage | had not anticipated. It contributed sufficient
high angle radiation to permit good short skip con-
tacts. Although the sloping quad was the superior
antenna for short and intermediate skip, the ground-
plane held its own.

phasing distance

| followed the reasoning that if one ground-plane
antenna worked well on 80 meters, then two anten-
nas should perform better, especially a pair properly
phased. Using this as the basis, | began pacing dis-
tances between the tall trees on the property, and
found another maple 39.6 meters (130 feet) from the
tree supporting the ground-plane antenna. At 3.8
MHz, 39.6 meters (130 feet) is approximately one-
half wavelength since:

- 150 _492
)\/2wf(MHz) meters or FMER) feet

The second maple tree was over 16.5 meters {55
feet) tall, and before long, another ground-plane an-
tenna was constructed and installed in the same
manner as the first,

phasing the antennas

Since simplicity was the byword in constructing
and mounting the antennas, | planned a simple sys-
tem of phasing. By design, | cut the length of the two
transmission lines to make them 90 degrees out of

50 may 1978

phase. In this case, the length of coaxial line to the
first antenna was 1/2 wavelength at 3.8 MHz, and
the length of line to the second was 3/4 wavelength
at the same frequency. After initially. cutting the
coaxial lines a little long, | grid dipped and pruned the
lines to their exact electrical lengths.3 With both
coaxial lines fed from a common feedline, the anten-
nas were then 90 degrees out of phase. This relation-
ship produced a pattern with a broad forward lobe to
the Northeast, and a minor lobe to the Southwest
as shown in fig. 2.4 Now it was just a simple matter
of cutting a half-wave phasing line to make the
antenna system perform the same in the opposite
direction.

One method of phasing antennas is to have equal
electrical lengths of coaxial line from each antenna to
the operating position. Then it is a simple procedure
to use a quarter wavelength coaxial line to switch
directivity. With the high cost of coaxial cable, it
may be desirable to space the antennas one-quarter
wavelength apart, and use a quarter wavelength of
coaxial line from each antenna to a coaxial relay.
This method permits the use of a single coaxial line
from the relay to the operating position. Also, when
quarter-wave spacing is used, the horizontal plane
radiation is in the form of a cardioid (broad heart-
shaped) pattern, providing a better front-to-back
ratio as shown in fig. 3.

matching

As mentioned earlier, the impedance measured at
the base of each antenna was 40 ohms. Feeding the
antennas with 50-ohm coaxial lines presented no
major problem when each antenna was used sep-
arately. However, when the two coaxial lines were
joined at the coaxial-tee connector, the resultant im-
pedance was about 20 ohms. The 2.5:1 mismatch



presented no problem in antenna operation or am-
plifier loading. In addition, the loss caused by an swr
of 2.5:1 in 30 meters (100 feet) of RG-8/U at 4 MHz,
is a fraction of a dB and can be ignored.5

For those who do have loading problems, it might
be desirable to use a 70-ohm coaxial line from each
antenna to the coaxial tee connector. This line must
be one-quarter wavelength long or odd multiples of
a guarter wavelength. Each line acts as a quarter-
wave matching transformer {Q section). Assuming a
50-ohm base impedance, the matching sections
transform this up to 100 ohms, giving you a b0 ohm
impedance when the lines are joined together.

performance

After three years of constant use, the phased
ground-plane system consistently outperformed my
sloping quad and new delta loop.¢ Despite the minor
lobe to the rear, I've experienced a 10 to 15 dB front-
to-back ratio. The very broad major lobe provides ap-
proximately 120 degrees of effective coverage. The
minor lobe to the rear, although contributing to some
QRM and noise from the undesired direction, can be
used to an advantage when rapid switching of di-
rection is not possible.

Receiving with the phased ground-planes was a
new experience. Unreadable signals on the loop an-
tennas became Q-5 on the phased ground-planes.
Precipitation static was never bothersome during the
heaviest rain or snowfall. The capability of the an-
tennas to accept high-angle as well as iow-angle
signals provided additional versatility when simulta-
neously operating with stations close by and far off.
The very broad major lobe contributes little front-to-
side rejection. This characteristic provides advan-
tages as well as disadvantages. | used a quarter-
wavelength phasing line to change the radiation pat-
tern to an in-phase broadside array, or a 180 degree
out-of-phase, end-fire array as shown in fig. 2.

A loop antenna normally accepts less atmospheric
noise than a dipole or similar antenna, due to the
noise cancelling effect of the closed loop. However,
over a period of three noisy summers, i experienced
a greater signal-to-noise ratio on the phased ground-
planes than with the loop antennas. The phased
ground-planes are certainly more susceptible to man-
made noise, due to its predominant vertical polar-
ization,

conclusion

As can be expected with any antenna system, im-
provements are attempted. Some succeed, while
others do not. | found that increasing the number of
radials from four to twelve slightly improved antenna
performance when transmitting. On receiving, the

180°

fig. 3. The unidirectional cardioid pattern is produced by
spacing the antennas one-quarter of a wavelength apart and
using a 90 degree phasing line.

improvement was quite noticeable from a standpoint
of signal-to-noise ratio. The base impedance of the
antennas decreased slightly due to the increased
current in the additional radials.

| also tried connecting the ends of the sloping
radials where they aimost overiap between antennas.
The rationale was to provide a common ground-
plane. This experiment was a failure, since each
antenna must operate independently, coupled only
by their fields.

It would appear that the antennas are a bit un-
sightly with the radials fanning out in all directions.
On the contrary, | had to point out the antennas to
several visiting amateurs who had difficulty spotting
them from the operating position.

And finally, | want to express my gratitude to all
the US and foreign amateurs who patiently con-
tributed their time during the months of checking
and testing the antenna system.
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design of

A straightforward
procedure for
designing
antenna networks

The omega network has been used for years,
mostly by amateur experimenters, to match a coaxial
line or open-wire feedline to a thin, linear antenna
element as shown in fig. 1. Although this matching
network looks somewhat like the more common
gamma network, two capacitors are used. In this il-
lustration L is the length of one-half of the driven di-
pole element (or total length of a monopole element).
The dimension [ is the length of the omega-match-
ing rod and is the same as a gamma matching rod; §
is the center-to-center spacing between the omega
rod and a paralle/ driven element.

The reactance Xg is the shunt omega capacitor at
the omega-rod feedpoint. X is the series capacitor
used to tune out any reactance in the antenna sys-
tem’s input impedance. R, is the characteristic resist-
ance of the coaxial transmission line, which is as-
sumed, for the purposes of this discussion to be
lossless.

The practical omega match shown in fig. 1 (less
capacitor X ) can be represented by the simple block
diagram of fig. 2. In this diagram H, is the imped-
ance step-up ratio, Z, is the antenna impedance, X
is the reactance of the omega rod, and Xg is the re-
actance of the omega capacitor. The antenna imped-
ance step-up ratio, H,, is a function of the diameters
of the omega rod and driven element, as well as the
spacing between them and is given by the following
formula:?

(mh_, 452—D2+d2> 2
T 484
Hy= 1+ h-1 482+D’—d
<”05 " 4SD )

omega-matching networks

the diameter of the omega rod, and § is the spacing
between the two. This factor is plotted in normalized
form in fig. 3 for omega match designs. In plotting
this graph it was assumed that H, is at least 4:1, a re-
alistic assumption in most amateur applications.

The quantity Z, is one-half the total input imped-
ance of a balanced antenna and is equal to

s

Z,= Z% =R,*t7X, ohms

where the quantity Z,” is the antenna driving point
impedance.

The reactance of the omega rod, X;, is equal tojZ,
tan klg ohms when the quantity klg is less than 90
electrical degrees as will be assumed here and
k=2x/\ radians per meter. The impedance aof the
omega rod in air, Z, is given by
_, 482-D2— g2

2Dd ohms

Z,=60 cosh

where . .
D = diameter of antenna driven element

d = diameter of omega rod

S =center-to-center spacing between the
omega rod and the parallel/ antenna
driven element

Fig. 4 shows a graph of Z, plotted as a function of
normalized values of S/D and D/d.

L 1
-
x t

bt s

OMEGA ROD : i
X

c

— 2, —

Ro

fig. 1. Layout of the basic omega match. L is one-half the
length of the driven dipole. X, is the omega capacitor, and
X, compensates for the inductive reactance component ap-
pearing at the omega rod input point.

By Harold F. Tolles, W7ITB, Box 232, Sonoita,
where D is the diameter of the driven element, d is  Arizona 85637
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The length of the omega rod is approximately

(klg )o (klg )°
lg= cm =
0.01233frs 0.03188f w1,

inches

From fig. 2 the complex antenna system input im-
pedance, Z;, may be written as

Z;=M [y ohms {2)

Where
(XQXS Hz VRtLI) + thl) }
e e e o - - - oh

M:: R — _ I
VIH,R (X + XJR + |H X Xg+ X + XX, 2

Yy=tan ! [

For eq. 2 to match a high-frequency lossless coax-
ial transmission line with a characteristic resis-
tance, R,

(Xg+ X)H,(R, + X,) Xq legree
L XoX.R, Sl 4 R degrees

a

M cos Y =R, ohms (3)

By using the above substitutions and manipulating,
the solution may also be written as a quadratic in Q
whose positive discriminant root is

)

ms

[ — i#_ﬁj

fig. 2. Equivalent circuit of the omega-matching system
shown in fig. 1. Z_ is one-half the dipole input impedance, H,
is the impedance step-up ratio, X, is the reactance of the
omega rod, and X, is the reactance of the omega capacitor.

Where X X
s
Q= — - - .
H(X,+ Xq)
A= ,,}i”ixf’, _
H.R,~- R,
5 RolRE+X3)
HzRa” Ro

Equation 4 has the restriction that the negative sign
of Xq must be larger than the positive sign of X, {in
this assumed case) and that

R .
H,> ﬁ(; numeric

Q=A4+\A2+ B ohms (4)
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fig. 3. Matching network's impedance step-up ratio, //,, as a function of element diameters and spacing. D is the diameter of the
dipole element, d is the diameter of the omega rod, and § is the center-to-center spacing between them.
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fig. 4. Characteristic impedance of the omega rod. Z , as a function of element diameters and spacing.

In the above definition of Q, when Xgq is infinite
{open circuit), the solution of Q is exactly the same
as that for a gamma-matching netwaork? because it
can be seen from inspection that when Xqg= o, the
gamma and omega matching networks are identical,
Once Q in eq. 4 has been determined as a function
of 4and B li.e., R,, H,, R,, and X,) the solution for
Xq and X, appears to be an arbitrary one of two cir-
cuit elements Xq and X, in parallel or
X Xq
H,Q=k"= — — ohms|Xqg|>|X,| (5)
X+ Xq
A graph of this equation, for various values of H,Q,
is plotted in fig. 5. In fig. 6 is plotted a graph of the
omega rod reactance X; as a function of the imped-
ance of the omega rod, Z,, the omega rod length k.
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For eq. 2 to provide a reactive component equal in
magnitude but opposite in sign to X in fig. 1

Msiny=~ Xcohms (6)

Combining this with eq. 3 yields

X(;: ~- Ro tanx,//
__ R, | (Xg+ X)H,(RE+ X3)
=" R, [ XoX, + X, | ohms
And, combining with Q,
1
Xe= 7w

R, | RZ+ X2
== & ['a@“x“]om
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fig. 5. Relationship of the reactance of the omega rod, X, and reactance of the omega capacitor, X, as func-
tion of the H,Q product {see text).
From which 3. Use fig. 6 to determine a practical, realistic
o= - A0 p (8) value of omega rod reactance, X;, vs the rod’s im-
27(E+ F) fmue pedance, Z,, and length, klg.
Where 4. When klg is known in degrees from fig. 6, the
R,(RZ+ X2) physical length of the omega rod, I, may be cal-
E==-2"S2—" ohms
R,Q culated fromeq. 1.
F—R"X“ L 5. Calculate Q from eq. 4. When this value of Q is
=R, 0" multiplied by H,, you can select the correct H,Q

design procedure

When designing an omega-matching network it
might seem that the following procedure could be
used with good success:

1. Use the graph of fig. 3 to select a transforma-
tion ratio H, vs the desired S/D and D/d where
H,>R,/R,.

2. Use fig. 4 to determine the impedance of the
omega rod, Z, from the S/D and D/d ratios
selected in step 1.

line on fig. §. This provides the reactance of the
omega capacitor, Xq, at the bottom of the graph.

6. The value of the omega capacitor in pF is calcu-
lated at the frequency of interest using eq. 8.

The problem with this design procedure is in the

selection of a “‘realistic value’’ of the omega rod reac-
tance in step 3. That is, should X, be selected large
so Xgq is large, or should X, be selected small so Xq is
small? in gamma-matching networks (the same ome-
ga-matching networks with Xq= o, as noted
above), it's desirable to make X, large to minimize
the IR losses. In the omega network the current [ is
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divided between X, and X so the answer may not
be so readily apparent.

The answer will become apparent, however, if two
vector graphs are plotted so the currents can be ex-
amined for the two cases. The two vector graphs,
figs. 7 and 8, assume the same rf power, antenna
driving point impedance, Z,” as well as H, and R,
Fig. 7 uses a gamma-matching network as an exam-
ple of Xg= o, and fig. 8 shows an omega-matching
network with | Xg| = [2X,].

These two graphs give complete insight into the
operation of both the gamma- and omega-matching
networks. For any particular antenna impedance
H,Z, to resistively match a transmission line through
a series capacitive reactance, it's necessary that the
antenna impedance, together with the impedances
of its shunt correcting elements, provide a complex
input impedance with a positive angle; also, the mag-
nitude of the real part must be equal to the character-
istic resistance of the transmission line, and the ima-
ginary part must be equal but opposite in sign to the
series capacitive reactance. With this in mind it
shouldn’t be surprising to see that the magnitudes of
Vini Iins Vxs VHiRa» VHixe, @nd I, of the gamma
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4. Reactance of the omega rod, X, as a function of the rod’s characteristic impedance, Z . and length, kl,.

match in fig. 7 are the same as those for the omega
match in fig. 8.

The difference between the two matching net-
works is that Iy, in the gamma network is the vector
sum of Iy, and Ixq in the omega network. From this
it is obvious that Iy, in the gamma network is less
than Iy, in the omega network, and that the magni-
tude of X, in the gamma network is greater than the
magnitude of X in the omega network.

The omega network is easier to design than the
gamma network because the only restriction upon X;
in the omega network is that it must be /ess in magni-
tude than it is in the equivalent gamma network. In
the omega network the difference between the two
values of X, can be compensated by adjusting the
value of Xg. Because of this, the rod length kg in the
omega network can be made shorter than &l of the
equivalent gamma network.

At the lower operating frequencies where the
length of the rod is apt to be very long, the omega
network has merit. However, it is likely that the effi-
ciency and bandwidth of the omega network will be
less than the equivalent gamma network because of
the higher IR losses in omega network’s reactance
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“fig. 7. Voltage and current distribution of a gamma-
matching network designed to match a 50-ohm coaxial line
to a 10-element beam (Z, =7 - j1.5 ohms]. Voltage and cur-
rent values are based on a power input of 1 watt.

X,. Any predication on the fact that these reactive
circuit elements are lossless is rather naive!

The double omega (or what | call the theta net-
work) can be used to match a balanced two-wire
transmission line to the driven element of a balanced
dipole. In this case the balanced line characteristic re-
sistance R,’ is halved to R,, and the solutions to
each arm are X,, Xq, and X¢in terms of R,, H., R,,
and X,. The results are merely imaged or flipped over
to the other arm of the theta network.

reference

1. Harold Tolles, W7ITB, “Gamma Match Design,”" ham radio, May, 1973,
page 46

ham radio
CURRENT (md)
-005_ 0 003 o ois
" e
E 1]
S
4ty
ey &
B D4
._._|>__._ - ///J \-\ v
=
. SAA el G B
INe | VA N
= 7
w "ll!
I - 11— Xy + #4048 OMNMS
\\ ;_/ Xp +-BO9E OMMS
T A T \\ v, X, 4 =3905 OHMS
| \\</ 4 Pin v 1O WATT
b
— N Zin 4Ry 50 [or onms
"
7 5 3 -— LT M CHIT=j18) ¢ 7874 [=12 11* ONMS
VOLTS

fig. 8. Voltage and current distribution of an omega-
matching network designed to match a 50-ohm coaxial line
to the same load as the gamma match in fig. 7 (2, -7 -j1.5
ohms). Vnltage and current values are based on a power in-
put of 1 watt. Note that /,, in the omega network is greater
than /,, in the gamma network when the rod is too short to
use a gamma network. So, current (and /R loss) is greater in
the omega match.

DISC-CAP HAS MOVED!

RF Power Meter - identical to HP Model 430C
- Read article April '77 HR Mag., Pg. 44 for
use, Copies of article available on written re-
quest. Our special purchase is your gain at
$34.95 ea. Note: This is Gen'| Microwave,
451. Bolometer/thermistor mount available
with purchase. $45.00

Audio Compressor AN/GSA-33 -
Five identical plug-in compres-
sor amps with power supply in
19 inch rack. All solid state,
600% in & out, great for auto §
patch and phone patch, Weighs

less than 30 Ibs. Built like a battleship. $34.95
28 volt, 18 amp Regulated Power Supplies (110V in)  §75.00
RECEIVERS

Collins 651F-1, 2 to 30 MHz in 100 cycle steps, digital tuning,
USB/LSB/ISB. Stability: 1 part in 108, Completely remote
controlled, with all racks, connectors, control head. $1400.00

R-388/51) — Collins 0.54 to 31 MHz $375.00
R-390A — 0.54 to 31 MHz, overhauled complete $595.00
SPECIAL! R-390 with CV591 SSB Converter and outboard audio
amp, All in neat 19" rack. Speciall $500.00
RACAL Model 6217A, 980 kHz, 32 MHz, All Solid State, takes
about 3 inches of rack space, digital tuning $1600.00

LTV G111 Panoramic Recvr includes CRT display, 100-150 MHz
with cmwerlms. Will make a fine spectrum analyzer. $150.00

t: =] D ¥ TMR.5 with front end plugins to cover

'0 : 1 105-140 MHz and 200-260 MHz. $250.00
f' We have complete documentation for all
o . ?'.': TMR-5 series including plug-ins.

CEI Iy e 415, 60-250 MHz, all solid state, modular constr,, xtal
conlro led, 4 channels. Incredible value. 585.(}0
SR-13A, 2 to 30 MHz, good condition, $285.00

635V-1 Collins Preselector band pass Filters — They're back!
2 to 3 MHz, 1 kHz steps, with copy of manual and rack and
connector, $275.00

SX-115 Immaculate with speaker and manual. $450.00

ANWRR2, 2-30 MHz, synthesized or continuous tuning, com-

pletely bench checked. 600.00
TEST EQUIPMENT

Tektronics Scopes, several to choose from, $175 to $900, de-
pending upon type and condition; call or write.

HP400DR Audio VTVM — NEW $125.00
Solartron DA410 Transfer Function Analyzer with manual.
$475.00
Weinschel 693-1 Power Attenuators, 30 watt avg., IUKnggaOIB
HP764D Dual directional coupler, 200-500 MHz, $100.00
FXR, 20 dB directional coupler, 200-400 MHz. $75.00

SPECIAL: Micromatch in-line wattmeters, complete guts, less
meters, good to 500 MHz. You add 50uA meters and measure
forward & reflected power simultaneously. Removed from

equipment, $24.95

HPGOBD, 10-420 MHz. $425.00

Crystal Detectors, HP-423A or equivalent. $25.00
TRANSMITTERS

Collins KWT6-6/URC32 — 2-30 MHz, 1 kHz steps, complete
xcvr, 500 watt PEP output, 500 watt CW output, AM capability.
Complete and running. $1850.00

Standard T/T pad mounted in
a sturdy steel case incl. 2 vol-
ume pots & 1 push button
labeled *'Stereo” - Also has 2
phone jacks for headphones,
microphone, etc. Will make a
fine control head. $24.95

T/T Decoder Board — This
board was removed from a
language lab remote control
system. You draw the sche-
matic (because there wasn't
one with the board). $34.95

Inductuners, mfd by Mallory, 6 turn, 4 stage, P/N 446T001,
Brand New, $25.00 ea.
Wanted: Documentation for AN/WRR-2, plug-ins and IF Amp-
lifiers for TMR-5.

DISE‘CAP, 1434 REYONLDS ST.

AUGUSTA, GA. 30902 404-722-1121

Ga. Residents - add State Sales Tax. Unfortunately, Disc-Cap
can only service U. S, customers.
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for the
Hy-Gain 400
antenna rotator

With this circuit
you can read
antenna pointing
direction during
antenna rotation

The designers of the Hy-Gain 400 rotator ap-
parently didn’t realize that most amateurs want to
know which way their antenna is pointing at any
moment, and an indicator was provided that didn’t
provide this information during antenna rotation. The
ARRL Antenna Book (13th edition) contains informa-
tion on a replacement directional indicator that cer-
tainly will work. However, it requires an 8-wire con-
trol cable whereas the original indicator required a b-
wire cable and Hy-Gain supplied such a cable suit-
able for the 110 volts that the rotator motor requires.
So it was rather frustrating to read about an ap-
proach that’s available and convenient for those who
had not yet installed the rotator on a tower, but less
so for those who had already installed the rotator and
wished to change the indicator.

This article describes a replacement direction-
indicating control unit that involves no modifications
of the rotator and is compatible with the original 5-
wire cable. It has an additional feature that permits
control from multiple locations — a convenience for
those who operate from several locations as | do.
The ideas in this article are adaptable to other types
of rotators where multiple control is wanted. Further,
it's one way to get a direction indication from a ro-
tator if one end of the indicator pot has become dis-
connected or if a failure has occurred in the indicator
circuit. The latter failure is probably rare but is men-
tioned as an emergency or permanent solution that
could still make use of the original indicator meter.

improved indicator system

(even though it was physically a three-terminal pot).
If the familiar chmmeter circuit is used to read the
rheostat setting, and hence antenna heading, the
scale will be grossly nonlinear and not very satisfac-
tory. The cure is, therefore, to supply the rheostat
with a constant-current source and then read the
voltage across it, which will then be directly pro-
portional to the angle of rotation.

constant-current supply

A recent advertisement gave the clue to a con-
veniently available constant-current source, the pop-
ular voltage-regulator ICs, which are used to provide
a regulated 5, 12, or 15 volts. A single resistor con-
nected between what is normally the output terminal
and the normal ground — now using the ground as
the constant-current output — does the trick. The
current is constant only if the supply voltage is high
enough. In this case, 24 Vdc was required to supply
10 mA constant current through a resistor varying
between 0-1000 ohms. (This is the value of the rheo-
stat in my Hy-Gain 400; but watch it, as the ARRL
Antenna Book cites bk and there may have been a
design change.) A value of 1.2k between terminals
2 and 3 of a 7805 IC establishes the 10-mA current
level. This turned out to be a very convenient value,
as it causes the voltage across the rheostat to vary
between 0-10 volts.

Next, to preserve linearity, a high-impedance 10
Vdc meter is needed: | borrowed a simple vtvm cir-
cuit using a single fet from Radio Shack's book Tran-
sistor Profects Vol 2. Using a 1-mA meter and a 9-
volt battery, this unit reads full scale at 10 volts.

indicator circuit

The complete indicator circuit is given in fig. 1.
The spdt center-off switch for rotation could be re-
placed by push-button switches. All parts for this in-
dicator are available from Radio Shack stores. Note
the arrangement for zero and full-scale adjust of the
vtvm. This can easily be dispensed with, as the cali-
bration of the vtvm is quite stable. The vtvm isn’t
difficult to recalibrate with a short circuit for zero and
a 1000-ohm resistor for full scale. A semi-adjustable
pot is used with the regulator IC to set current at
precisely 10 mA.

Fig. 1 also includes circuitry for a control and indi-
cator for a second position. This could be multiplied
for a third or more positions. For the indicator at the

The crucial matter is that the indicator resistor in By Guy Black, W4PSJ, 12317 Hanger Road,
the Hy-Gain 400 rotator was wired as a rheostat ~ RR5, Fairfax, Virginia 22030
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fig. 1. Schematic for the improved indicator system designed for
the Hy-Gain 400 antenna rotator. Circuit may be used for the CD-44
or Ham-M Ul rotators (see text). The 2.5k pot at the output of the
7805 regulator IC should be adjusted for 10 mA between terminals
2 and 5 of the Hy-Gain 400 rotator circuit with a 1k resistor. The 1k
resistor between terminals 2 and 5 in the Hy-Gain 400 may vary —
check your schematic.
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MAIN CONTROL CABLE AUXILIARY CONTROL
quantity part quantity part
1 Hy-Gain 400 rotator 1(2)  resistors 1 meg
1 transformer 115- 12.6 Vac at 8.3 amp RS 273 1385 (a 24- 2(3)  resistors 1k
Vac transformer could be substituted with a bridge 1(2)  resistors 10k
re?ctlfler and single filter capacitor) 2 capacitors 220 uF 36 Vdc
2 diodes 1N4001 to TN4007 1 capacitor 21-25 uF 230 Vac (can be taken from original
RS 276 1101 .
c . Hy-Gain 400 control}
1 voltage regulator IC such as 7805, 7812, 78L12AC (the \
12 .01 mfd uF
latter is cheapest as RS 276-801) . :2; A“vm # :era;n:s 22082
mi t
1 zener diode, 9.1V 1 watt IN7439 ‘lame e m‘
RS 276 562 2 switch spst main power (SW1 & SW4)
1(2)  fet transistor MPS 102 or 3 switch spdt center neutral (SW2 & SW5) RS 275 325
RS 276 2028 1 switch spdt RS 275 326
1 semiadjustable potentiometer 2.5k RS 271 228 Notes:
204 semiadjustable potentiometers 50k RS 271 219 1. Quantities in parentheses are needed only if an auxiliary indicator is
2 resistors 2.7k desired.
1 resistor 1.2k 2. Part numbers preceded by RS are available from Radio Shack stores.

auxiliary positions, a 9-volt battery is practicable,
although an ac supply may be preferred, especially
by those who want a continuous reading.

Note that the ac line that goes to the auxiliary con-
trol is not the ac line that goes to the rotator itself.
Allocating the rotator ac to terminal 1 on the terminal
switch and the auxiliary-unit ac to terminal 6 will
help avoid confusion and fireworks.

other rotators

Some change in values might be needed if the
circuit were to be adapted to the CD-44 or Ham-M ||

rotators, which have 500-ohm pots connected to
terminals 3 and 7 of their rotator units with the sliding
contact grounded and connected to terminal 1. |
haven’t tried the circuit on these units. Although it
appears feasible, it would seem to be worthwhile
only if multiple-position control were wanted, in
which case the vtvm circuit shown here might be
used to read the voltage between terminals 1 and 3,
or 1 and 7 of the CD rotatars. It also seems feasible to
use the meter and case of the ariginal control and put
the few extra parts inside.

ham radio
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lhe age of tone control has come to
Amateur Radio. What better way to utilize
our ever diminishing resource of fre-
quency spectrum? Sub-audible tone
control allows several repeaters to share
the same channel with minimal geo-
graphic separation. It allows protection
from intermod and interference for
repealers, remote base stations, and
aulopatches. It even allows silent moni-
toring of our crowded simplex channels

We make the most reliable and complete
line of tone products available. All are
totally immune to RF, use plug-in, field
replaceable, frequency determining
elements for low cost and the most
accurate and stable frequency control
possible. Our impeccable 1 day delivery
Is unmatched in the industry and you are
protected by a full 1 year warranty when
our products are returned to the factory
for repair. Isn't it time for you to get into
the New Age of tone control?



TS-1 Sub-Audible Encoder-Decoder « Microminiature in
s5ize,1.25 ' x2.0 x .65 « Encodes and decodes simultaneously »
$59.95 complete with K-1 element

TS-1JR Sub-Audible Encoder-Decoder « Microminiature
version of the TS-1 measuring just 1.0" x 1.25" x .65, for hand-
held units « $79.95 complete with K-1element

ME-3 Sub-Audible Encoder « Microminiature in size,
measures 45 x 1.17x 6" « Instant start-up « $29.95 complete
with K-1element.

TE-8 Eight-Tone Sub-Audible Encoder » Measures 2.6 x
207 x.7" » Frequency selection made by either a pull to ground
or to supply « $69.95 with 8 K-1elements

PE-2 Two-Tone Sequential Encoder for paging « Two call
unit « Measures125°x2.0"x.65" » $49.95 with 2K-2 elements

SD-1 Two-Tone Sequential Decoder « Frequency range is
268.5-2109.4 Hz « Measures 1.2" x 1.67" x .65~ « Momentary
output for horn relay, latched output for call light and receiver
muting built-in « $59.95 with 2 K-2 elements

TE-12 Twelve-Tone Sub-Audible or Burst-Tone Encoder »
Frequency range is 67.0-263.0 Hz sub-audible or 1650 - 4200 Hz
burst-tone « Measures 4.25"x 2.5 x1.5" « §79.95 with

12 K-1elements.

ST-1 Burst-Tone Encoder « Measures 95 x .5 x 5 plus
K-1 measurements = Frequency range is 1650 - 4200 Hz »
$29.95 with K-1 element

COMMUNICATIONS

J SPECIALISTS
L 426 W. Taft Ave . Orange, CA 382667

(714) 998-3021
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solid state
synthesized hf system

In 1963 Drake led the way by producing
the first commercially available transceiver
that employed the now widely copied

9 MHz i-f frequency. Even today,

15 years later, many major competitive
transceivers are still being introduced

using i-f's in this range.

The design philosophy behind the
new Drake ''7 system'' has created a
most sophisticated system concept,
extending from engineering to the
visual appearance of the system and
each of its parts.

The TR-7 System is the result of one
of the most extensive engineering
and development programs in the
history of the R. L. Drake Company,
and provides the user with many
innovative design features.

With the excellent design of its front
panel and controls, the system is
simple and straightforward to
operate—makes state of the art
performance a pleasure.

*Note: Out-of-band transmitter coverage lor MARS, Gov-
ernment, alc 15 available only in ranges authorized by the
FCC. Military. or other government agency for a specilic
service. Proof of license for that service must be submitted
to the A L Drake Company, including the 500 kHz range to
be covered Upon approval. and at the discretion of the R L
Drake Company, a special range IC will be supplied for use
with the Aux-7 Range Program Board. Prices quoted from
the factory. See operalors manual for details

In 1978 Drake leads the way again by developing
the first commercially available amateur transceiver
that uses a 48 MHz i-f, through the technique

of “Up-Conversion." This system greatly improves
image and general coverage performance, and

will be copied in the years to come. With Drake,

you can join the new state of the art today!

Broadband, Solid State Design—
100% solid state throughout. All circuits
are broadbanded so there is no need for
preselection tuning or transmitter
adjustments of any kind.

Synthesized/PTO Frequency
Control —A Drake exclusive: Special
high performance synthesizer, combined
with the famous Drake PTO, provides
smooth, linear tuning with 1 kHz dial and
100 Hz digital readout. 500 kHz up/down
range switching is pushbutton controlled.

Continuous, Wide Range Frequency
Coverage—The TR-7/DR-7 provides
reception from 1.5 thru 30 MHz—con-
tinuously, and zero thru 30 MHz con-
tinuously with the optional Aux-7 Range
Program Board. The highly advanced
Drake Synthesizer makes this possible,
and is an industry first. The TR-7/DR-7
provides transmit coverage for all
Amateur Bands 160 thru 10 meters. With
the optional Aux-7 Range Program
Board, diode-programmable out-of-band
transmit coverage is available for MARS,

Embassy, Government, and future band
expansions in the range 1.5 thru 30
MHz.* The Aux-7 Board provides 0 thru
1.5 MHz receive coverage and crystal-
controlled fixed channel operation for
Government, Amateur, or semi-commer-
cial applications anywhere in the hf range.
The TR-7 w/o DR-7 and Aux-7 provides
coverage of the Amateur Bands 160 thru
15 meters and the 28.5-29.0 MHz range
of 10 meters. The Aux-7 Range Program
Board is also useable in the standard
TR-7 for extra range coverage as noted.

State of the Art Receiver Design—
The Drake TR-7 introduces another
industry first for amateur transceivers:
“Up-Conversion,” in combination with a
special uhf high level double balanced
mixer for superior strong signal han-
dling, spurious and image response
performance. The first i-f of 48.05 MHz
places images well outside the receiver
passband, and provides for true general
coverage operation without i-f gaps.

True Passband Tuning—The TR-7
employs the famous Drake Full

Passband Tuning instead of the limited
range "i-f shift”
found in some
other units. The
Drake System
tunes from the
top edge of one
sideband, through
center, to the
bottom edge of
the other side-
band. In fact, the
range is even wider
to accommodate RTTY. Full passband
tuning greatly improves receiving perfor-
mance in heavy QRM.

(TR-7 features continued on next page)



DRAKE TI-7 solid state

continuous coverage synthesized hf system

Unique Independent Receive
Selectivity—Optional receiving
selectivity filters can be installed
internally and pushbutton-selected from
the front panel. These may be selected
independently of transmit mode and
provide optimum response for various
conditions of ssb, cw, RTTY, and a-m.
You may also transmit cw while receiving
ssb, or vice versa, or even transmit one
sideband while receiving the other. The
standard filter is 2.3 kHz for ssb. You may
choose from optional 300 Hz, 500 Hz, a
special 1.8 kHz for crowded ssb, or 6 kHz
filter for a-m.

Effective Noise Blanker—This
accessory is custom engineered to
provide true blanking performance.

Model 1337 Drake TR-7 Transceiver ........... $ 886.00

Model 1530 Drake DR-7 General Coverage/
Digital ReadoutBoard ............

Model 1336 Drake TR-7/DR-7 General Coverage
Digital R/O Transceiver ........... 1072.00

Model 1338 Drake RV-7 Remote VFO ..........

Special High Power Solid State
PA—A Drake custom-designed diagonal
heat sink provides for an internally
mounted power amplifier with nothing
mounted outboard subject to physical
damage. The unique air ducting effect of
this amplifier allows an optional rear-
mounted fan to provide continuous duty
on SSTV/RTTY. Continuous ssb/cw
operation is available without the fan, due
to the excellent heat sink design. The
optional Drake PS-7 Ac Supply is rugged,

rated for continuous duty, and will easily
handle power requirements. The System
is rated 250 watts input—in any of its
modes. Fully VSWR protected.

TR-7 Internal Test Facilities—As well
as the standard "S” meter function, the
TR-7 metering includes a built-in rf
Wattmeter/VSWR Bridge. Also, the DR-7
digital counter reads frequencies to 150
MHz for test purposes. Access to the
counter is from the rear panel.

S UNITS
RA e TN

DECIBELS
1020 30 60 80

10 20 40 60 100 200 W

Receiver Incremental Tuning (RIT)
—Complete RIT flexibility is provided for
both the TR-7 and RV-7 remote VFO for
maximum convenience. The RV-7 also
includes a special “spot” function for
easy zero beating.

Model 1502 Drake PS-7 120/240V Ac Supply
includes special wide range voltage and
frequency capability. Operates from
any nominal line voltage (90-132 V/
180-264 V; 50-60 Hz) ideal for overseas $166.00

Model 1536 Drake Aux-7 Range Program Board .... 38.00
Model 1531 Drake MS-7 Matching Speaker .. ....... 33.00
Model 1537 Drake NB-7 Noise Blanker ............. 74.00
Model 1529 Drake FA-7Fan ....................... 24.00
Model 7021 Drake SL-300 Cw Filter, 300Hz ......... 49.00
Model 7022 Drake SL-500 Cw Filter, 500Hz . ........ 49.00
Model 7023 Drake SL-1800 Ssb/RTTY Filter, 1.8 kHz . 49.00
Model 7024 Drake SL-6000 A-m Filter, 6.0kHz ...... 49.00
Model 1335 Drake MMK-7 Mobile Mounting Kit . . . .. to be

announced

Model 1538 Drake MN-7 250 Watt 160-10 Meter
Antenna Tuner with Rf Wattmeter and
complete switching functions ... ....... 165.00

Model 1514 Drake WH-7 Hf Wattmeter/VSWR Bridge  89.00

The Drake State of the Art unfolds an entirely NEW Art of the States!

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

R.L. DRAKE COMPANY

540 Richard St., Miamisburg, Ohio 45342
5 Phone: (513) 866-2421 = Telex: 288-017

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

for geostationary
satellites

Using a

pocket calculator

to accurately determine
antenna bearings

and range to
geosynchronous satellites

Many members of the amateur community have
recently “discovered’’ the geosynchronous commu-
nications satellite. This surge of interest is in
response to a program of weather satellites now af-
fording an outstanding view of the earth from a
22,000 mile (35,000 km) vantage point.! It is further
spurred by the recent availability of low cost, high
quality microwave receiving equipment which
enables the individual to recover not only this
weather data,2 but promises reception of direct-
broadcast closed-circuit TV programs.

Although a great deal of material has been pub-
lished on generating tracking information for polar
orbiting spacecraft such as Oscar 7,3.4 as well as the
highly elliptical orbit planned for AMSAT Phase Ii1,5
little has appeared in the amateur magazines regard-
ing the geostationary, or earth-synchronous, orbit.
Peter Thompson has published a set of generalized
equations which could be applied to tracking satel-
lites in a variety of orbits,6 but the calculations are
unnecessarily cumbersome when considering the
simple geostationary case. Ralph Taggart has out-
lined an appealing method for estimating azimuth
and elevation bearings with a globe and string,? but
like most graphical plotting techniques, this one of-
fers resolution limited by the finite size of the globe.
The equations presented here can be readily solved
on a pocket calculator and afford bearing accuracy
which is limited only by your ability to point the
antenna.

*if the computed value for L is greater than 180°, correct it by subtracting
360°; if the computed value is less than — 180°, correct it by adding 360°.

If an imaginary line is drawn which connects the
center of a satellite with the center of the earth, that
line intersects the earth’s surface at a location known
as the Sub-Satellite Point or SSP (fig. 1). Generating
azimuth angles to a satellite is a function only of the
location of the observer and the sub-satellite point,
and is completely independent of the satellite’s alti-
tude (altitude does, of course, determine the eleva-
tion bearing, which is computed later). Hence, the
azimuth data is based solely upon terrestrial coordi-
nates; the law of cosines for determining distance
and bearing coordinates in a great circle will apply.

Jerry Hall reported the relationships in his article
on terrestrial great-circle computations;8 those same
equations may be used to calculate satellite azimuth
angles:

cos D=sin A sin B+ cos A cos Bcos L 4]
cos =S B—sin A cos D (2)
cos A sin D

Where A4 = latitude of Point 1 (the observer)

B= latitude of Point 2 (the sub-satellite
point)

L= longitude of Point 1 m/inus the
longitude of Point 2*

D= distance between Point 1 and 2,
degrees of arc

C= true bearing if L is positive
or 360 — C = true bearing if L is negative

Interestingly enough, the geostationary satellite
presents a special case because the latitude of the
sub-satellite point is always approximately zero
degrees; under these conditions B in the above for-
mulas is 0.

Since sstn B=0 and cos B=1, these equations
simplify to:

cosD=cosAcosL (3)
C=—sindcosD
cos cos A sin D @)

By trigonometric identities, eq. 4 further simplifies to

tan A

cosC= —
tan D

5

Thus, by solving egs. 3 and 5 for D and C, respec-
tively, antenna azimuth information can be found,

By H. Paul Shuch, N6TX, Microcomm, 14908
Sandy Lane, San Jose, California 95124
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calculating elevation

If a straight line is drawn between a satellite and
the center of the earth, and another straigbt line is
used to connect the observer with the earth’s center,
the angle formed at the intersection of these two
lines represents D, the distance between the
observer and the sub-point, in degrees of arc, just
computed (fig. 2). If the observer happened to be
situated very near the center of the earth, angle D
would relate directly to elevation angle; that is, D
would be the angular disp/acement from vertical for
aiming the antenna. Since elevation angles are
generally specified with respect to the horizontal, un-
corrected elevation data is computed from

EL (assumed)= 90— D (6)

This assumes that the observer is located at or near
the center of the earth. Since this is obviously im-
possible, let’s consider corrections to the assumed
elevation which would apply to an observer on the
earth’s surface.

If eq. 6 is used, the error is negligible when R;, the
radius of the satellite’s orbit, is at least two orders of
magnitude greater than r,, the radius of the
observer's orbit (the radius of the earth). Thus, eq. 6
is used in determining elevation information for radio
astronomy, where the object being tracked is very far
from earth. Under these conditions the observer /s
near the earth’s center, relative to the object being
tracked. Eq. 6 has also been used by EME operators
for tracking the moon; although the radius of the
lunar orbit is only about B0 times the radius of the
earth, elevation data calculated from eq. 6 is correct
to within a fraction of a degree.

It is interesting to note that in both of the above
applications, the location of the object being tracked
is generally specified in Greenwich Hour Angle
(GHA) and declination. These coordinates corres-
pond exactly to the longitude and latitude, respec-
tively, of the sub-satellite point shown in fig. 1.

What do you do to correct eq. 6 for geostationary
satellites, whose orbital radius is not significantly

SUB-SATELLITE
POINT (SSF)

SATELLITE

CENTER
OF EARTH

fig. 1. When a straight line is drawn from the center of the
earth to a satellite, the intersection of the line with the
earth’s surface is known as the Sub-Satellite Point or SSP.
The SSP is used to calculate the azimuth bearing to the
satellite.
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DI(DEGREES OF ARC)  sarey(iT¢

CENTER
OF EARTH

fig. 2. The observer’s position on the earth’s surface, in re-
lation to the imaginary straight line shown in fig. 1, yields
the angle D, which is used to calculate antenna elevation
angle as discussed in the text.

greater than the radius of the earth? A correction for-
mula published by L. R. LarsonS applies:

_ . _ 1
tan EL =tan (90— D) Kcos (90=D) o
where K is the ratio of satellite orbital radius to earth

radius
K=R/r,

Since the mean radius of the earth is approximately
3444 nautical miles, and the mean radius of geosta-
tionary orbits is approximately 22,766 nautical miles,
| use the value K =6.61 when working with geosta-
tionary orbits. In the interest of minimizing computa-
tional steps, eq. 7 may be restated

_sin (90— D)—(1/K)
tan EL cos (90— D) (8)

where Lo ro/R;=0.1513
K (9

Eq. 8 may be further simplified

tan EL = cosD—(1/K)
o J1— (cos D)2 (10)

calcuiating slant range

System performance predictions, which include
link calculations of signal margin, require a knowlege
of the exact distance from the ground station to the
orbiting satellite. One convenient equation for deter-
mining slant range is stated as follows10

Range=R,x/1—-2(1/K)cos D+ (1/K)Z {11)

If you want to calculate the range in nautical miles,
use 22,766 nautical miles for R,. If you would rather
compute the range in kilometers, use 42,166 km for
R,. The ratio K, of course, is the same regardless of
the units used to express R;and r,.

Example. My station is located approximately 37.3°
N, 121.9° W;* | wish to receive signals from SMS-2,

*If you know your latitude and longitude to within 1/10 degree, you have
pinpointed your location to within about 6 miles!



in geostationary orbit above 135° W. The longitude
difference is thus 121.9—135= —13.1°. Note that L
is negative; this information will be used later.

The distance D is found from eq. 3 to be 39.22°

From eq. 5, C is found to equal 158.99°, Since L
is negative, true azimuth bearing is 360— C, or
201.01°.

From eq. 10, the corrected elevation bearing
equals 44.61°,

Eq. 11 yields a slant range of 20,215 nautical
miles.

These computations agree well with my actual ex-
perience in tracking SMS-2,

calculator programs

The above relationships, with their conditional
branching requirement depending on the sign of L,
are ideal candidates for solution on a programmable
calculator. | use a Hewlett-Packard 25 calculator
which, with its 49 available program steps, demands
a degree of programming ingenuity. After several
false starts, | came up with the program listed in
table 1, which appears to be valid for any point on
the Earth*. Note that southern fatitudes and eastern
longitudes must be entered as negative numbers.

The following steps show how to use the program.

1. Key in the program, switch to RUN, depress f

PGM.

Store the constant 180 in Register 3 (180

STO3)

Key in 3444 (for km, key in 6368)

ENTER

Store 22766 in Register 4 {for km store 42166)

Depress divide ( ~ ) key

Store answer in Register 2

Store latitude of observer in Register 0

Depress fCOS keys

10. Store answer in Register 1

11. Key in longitude of observer.

12. ENTER

13. Key in longitude of SSP.

14. Depress R/S key

15. Calculator displays range in nautical miles (or
kilometers)

16. Depress rolidown key (R1)

17. Calculator displays elevation angle in degrees

18. Depress RCL 6

g

CONDN AW

*In reviewing this manuscript WB8DQT observed that the program will
display ERROR if the observer is located directly under the satellite {on the
equator at the SSP). Under these conditions the required azimuth bearing is
undefined (the bearing is 90 degrees and the slant range is equal to R,—r,
= 19,322 nautical miles (35,798 hml}.

HP-25 Program
SWATCH YO PRGN WMOOE, PRESS [f] (Fred). THEN KEY IN THE PROGRAM
DISPLAY KEY MEMORY
we]  coot entar X Y Z T rMARES REGISTENS
« WO Lacitude |
or ol - ] of ]
| o2 23 05[510 S observer
oy | 14 06TAX I L
o 2]cus ] D a
o 2 OO[RCL O | .
[oe | 14 04 JSIN - j}—t [ Rz 0.
o 2y IS _ [ON
[oa] TANTT - re/fa
) 26 03ReL 3 [T "] LE) 1
w St + 180
] FERTYS O Y R I R
3 24 00Jpc1 0] 1 RaRs
(] b1 2o | [ — 22766 nayt |
bled B ureroyp f 1. - pilea)
[w] 2e03fkel 3 | | 4 — |A8Longityde of |
[ 351 06 bbeerver_minug
6 Long. of sat.
3 e,
2 Arimuch
1
i

£ I
=]

§

i

e

&
2]
N

§ T
“ 611 x
o 02] 2
= sl x |
K al - ]
=y 2% cL 2
[ 15 x2 |
- S
a 1% P, S
[Cae 24, CL 4 |
) TS

table 1. HP-25 program for calculating antenna azimuth and
elevation angles and slant range to a geostationary satellite
from any point on earth. Note that southern latitudes and
eastern longitudes must be entered as negative numbers.

19. Calculator displays azimuth bearing in degrees
20. To perform further calculations, return to
Step 8.

| would like to thank Glenn Thomas, WB6YZI, for
his assistance in evaluating these computations.
Glenn works at a satellite tracking facility and says,
“Look-angles for geosynchronous satellites are my
stock in trade.’’ Believe me, he really makes it all look
ridiculously easy!
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Oscar

az-el antenna system

Construction details
for a complete
antenna system

for tracking Oscar
including antennas
for 28, 144

and 432 MHz

After checking all your charts and graphs, and
double-checking all the calculations, you're left with
only one problem, how to point your antenna at the
satellite, and how to keep it accurately pointed as the
bird moves through the sky. Obviously, some type of
antenna tracking system is very desirable. Unfortu-

frequency capabilities for working Oscar (the lack of
10-meter receiving antennas was the biggest stum-
bling block). After talking with many other amateurs,
| decided to build my own tracking antenna system.

One of the methods used by others used some
form of counterbalance to offset the antenna weight,
permitting the rotator to elevate the antennas with a
minimum of torque. This type of system tends to be
impractical, however, because you should try to
eliminate as much weight and wind resistance as
possible. Also, the counterbalance system can be-
come a mechanical nightmare if you try to design it
to track from horizon to horizon in elevation (180-
degree coverage). With these thoughts in mind, |
decided that my tracking system should have the
following features:

1. Capabilities for 28, 144, and 432 MHz
2. Full horizon-to-horizon elevation tracking

3. Cross polarization on both up and down links to
prevent signal nulls

4. Elimination of the counterweight

nately, however, a check of commercial manufac- By Al Greenwood, WATNXP, RR1, Greenville
turers did not yield any system that provided full Road, Mason, New Hampshire 03048
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construction details

Cross frame. The cross frame is the heart of the en-
tire antenna system, supporting both the 144- and
432-MHz beams and also acting as spreaders for the
10-meter quad loop. The basic layout of this assem-
bly is shown in fig. 1. The horizontal and vertical
members are made from two lengths of aluminum
tubing, each with an outside diameter of 35 mm
(1-3/8 inches) and 3.7 meters (12 feet) long. The
plate which holds the two spreaders together can
either be purchased ready-made* or built from 6.5
mm (1/4 inch) thick aluminum plate.

Phenolic insulators are inserted into the ends of

the tubing to insulate the quad loop from the spread-

“ers (see fig. 2). Each insulator is held in place with a
1/4-20 (M6) bolt through the tubing and insulator.
Another 6.5 mm (1/4 inch) hole is drilled through the
insulator to hold the quad-loop wire.

After the two spreaders are fastened together and
the insulators inserted in the tubing, the horizontal
spreader is inserted into the U-100 rotator. Before
tightening the clamps, you should run the rotator

FEED LINES

* ALLIANCE ROTATOR
MODEL U-100 FOR

~ELEVATION-
NOTE: i/4* STEEL PLATE
WELDED TD TOP OF
6" SECTION OF
STEEL TUBING.
SEE FI6 2 —/\-._ -
AZIMUTH ROTATOR
HAM-M ORf XL-22
BALANCE POINT "a”
TOWER 3 COAX CABLES AND 4-CONDUCTOR
CABLE FOR U-100 ROTATOR.

fig. 1. Head-on view of the az-el antenna system. The 144-
and 432-MHz beams should be positioned along the horizon-
tal spreader to balance the array at the base of the mast.
The quad loop is made from number 12 AWG (2.1-mm) wire.

Satellite tracking antenna at WATNXP combines antennas
for 10 meters, 144 MHz, and 435 MHz on one tower. The six-
element beam located below the OSCAR antenna is for
50 MHz.

from stop to stop to make sure that you have it in
the desired position for assembly.

The final part of the cross frame is the adapter be-
tween the elevation rotator and the mast from the
azimuth rotator. This was fashioned by drilling a
piece of 6.5 mm (1/4 inchl thick steel plate with four
holes that matched the bolt pattern of the U-100 ro-
tator. To the bottom of the steel plate | welded a 15
cm (6 inch) piece of steel tubing. The inside diameter
of the tubing must be large enough to accommodate
the mast from the azimuth rotator.

Two-Meter Antenna. The 144-MHz cross-polarized
Yagi consists of two 8-element beams mounted on a
common boom (elements 90 degrees apart). The di-
mensions are standard and can be found in any an-
tenna manual. The elements are mounted through a
32 mm (1-1/4 inch) aluminum boom, with the two
beams displaced 12.5 mm (1/2 inch) along the boom.

*A pars kit including X bracket, spreaders, phenolic insulators, U-100
welded mounting bracket, coax bracket, and wire is available from Alden
Engineering Company, P.O. Box 493, Greenville, New Hampshire 03048,

may 1978 [l 71



/4" BoLTS

QUAD
WIRE

$0-239 MOUNTED TO
BRACKET ON INSULATOR.

\m' HOLE THRU

PHENOLIC WSULATOR
WOOD COULD BE USED.

NOTE: INSULATOR IS 5-1/2" LONG,
27 INSERTED INTO TUBING
AND QUAD WIRE THRU HOLE
DRILLED 3" FROM TUBING.

fig. 2. Detail of the four phenolic insulators which are used
to support the 10-meter quad loop. The insulator is 14 cm
{5-1/2 inches} long; the wire passes through the insulator
approximately 7.5 cm (3 inches) from the end of the tubing.

The feed system for the beams is shown in fig. 3.
The capacitor used for the gamma match is a split
stator unit with approximately 50 pF per section. Be
sure to provide an insulated mount for this capacitor.
Prior to mounting the beam on the horizontal spread-
er, the longitudinal balance point of the beam must
be determined. By attaching at this point, the eleva-
tion rotator will not be excessively strained.

Seventy-Centimeter Antenna. For 432 MHz, |

od

DRIVEN
ELEMENTS

174 DIA. SOLID
ALUMINUM ROD

A"« 7" FROM BOOM (APPROX}
"8° » 3° (APPROX)
cl.c2 - 50

TYPE “N”
ECTOR TO
FEED LINE. RG-8/U

149 MHz MATCH

fig. 3. Gamma match for the two 144-MHz beams. The gam-
ma capacitor is a split-stator capacitor with approximately
50 pF per section. After final adjustment, the entire unit was
fiberglassed for weather proofing.
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used a commercial 26-element J Beam. As with the
two-meter beam, this antenna is also mounted to
provide cross polarization. Fig. 4 shows the baluns
and the matching necessary to simuitaneously feed
both antennas from one 50-ohm feedline. You
should also determine the balance point for this
beam before attaching it to the horizontal spreader.

Ten-Meter Antenna. As a final step, the wire for
the quad loop is strung through the holes in the
phenolic insulators. With the dimensions shown, the
loop should resonate at approximately 29.6 MHz.
When using this system, the pattern exhibited by the
loop tends to be sharper than would be expected, or
desired. As a remedy, | opened the loop at both ends
of the horizontal spreader, effectively producing a
dipole which has a wider beam-width than the loop.

NOT SHOWN, DRIVEN —————————
ELEMENTS ARE ROTATED
90* ON BOOM

TYPE "N" TEE
FEED

]

800M A" g

GROUND TO—/ GROUND TO
B80OOM B0OM

A AND 8 - I/2 WAVELENGTH
C AND D - 1/4 WAVELENGTH

432 MHz MATCHING HARNESS

fig. 4. The two 432-MHz beams require a balanced 300-ohm
feed. With this arrangement, the 1/2-wavelengths of coax
act as 4:1 baluns, while the 1/4-wave sections step the im-
pedance up to approximately 100 ohms. The two beams
then closely match a 50-ohm feedline.

Either version can be used; it depends only on your
personal preference and the resolution of your azi-
muth rotator.

summary

In the described configuration, the U-100 rotator
easily moves the array through a full 180 degrees
elevation. As an added feature, the quad wire acts as
a mechanical stop when it hits the azimuth rotator
mast, stalling the elevation rotator. One drawback to
this system is the resolution of the rotators. For ex-
tremely accurate pointing, infinite control is a neces-
sity. Unfortunately, this is not provided by either
rotator.
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The Perfect Mobile Rig

With its exclusive PLUG-IN-AND-GO MOBILE MOUNT, its light weight £?‘-"“i“ TL S
(7 pounds), and compact size (3%2" high X 92" wide X 92" deep) the Atlas ,._Ag:', A A
210x/215x is the perfect mobile rig. ! = RADIO INC.

To go mobile just slip the 210x into its mobile mount and all connections are 417 Via Del Monte, Oceanside, CA 92054
made auton‘latlcally. Phone (714) 433-1983

In just 10 seconds you're on the air mobile! Special Customer Service Direct Line

ATLAS 210x or 215x $765 (714) 433-9591
with noise blanker $810 MADE IN AMERICA



high-gain

For those interested in an easy-to-build antenna
for the 1215-1300 MHz amateur band, the design
described here might be the answer. It features high
gain, good capture area, and shielding from high-
power local signals. The design also includes both
vertical and horizontal polarization and, with ap-
propriate phasing equipment, right and left circular
polarization. The simplicity of the feed system and
overall antenna design should make it a good can-
didate for just about any requirement in the 1215-
1300-MHz band.

I have received signals as far as 80 km (280 miles)
away with this antenna. With a motorized tilt control,
the antenna has possibilities for use in amateur
satellite work.

The design features a waveguide-type can, which
bypasses strong local signals and shields direct
radiation interference from the 1/4-wavelength
dipoles. The addition of 10-degree tubes doubles the
gain, concentrates the signal, and increases signal
capture area.

construction

The antenna design is shown in fig. 1. To simplify
matters, | had a local tinsmith make a 178 mm (7
inch) ID x 406 mm (16 inch) long round can of 24-
gauge galvanized tin, with a solid back, crimped and
soldered. (Brass or copper could be used.)

Four aluminum tubes are required, measuring
12.7 mm (1/2 inch) ID x 16 mm (5/8 inch) OD x 140
cm (55 inches) long. Don’t bend the tubes and don’t
substitute any other diameter or length,

Next, you'll need four lengths of galvanized-steel
water pipe. The dimensions are 6.4 mm (1/4 inch)
diameter x 457 mm (18 inches) long. Bend at the 305-
mm (12-inch) point (sharp bend) at a 10-degree angle
(fig. 1). Aluminum tubing measuring 13 mm (1/2
inch) ID x 16 mm (5/8 inch) slips snugly over the ex-
tending 152-mm (6 inch) portion of the water pipe.
The aluminum tubes are secured by a self-tapping
screw, one screw per tube.

Drill a 9.5-mm (3/8 inch) hole in the top, and drill
another hole 90-degrees away for the TV F-type
coaxial fittings. The holes should be drilled 54 mm
(2 1/8 inch) from the back of the can. Two 54 mm (2
1/8 inch) lengths of 1-mm (18-AWG) wire should be
soldered to the TV F-type fittings for the dipole

1296-MHz antenna

229 mm (3/16 x 4 x 9 inches) from a local metal shop,
which | used to mount the antenna to a 25-mm (1-
inch) diameter mast made of galvanized-steel water
pipe. A steel plate was drilled for three TV mast
clamps. These clamps were placed 51 mm (2 inches)
apart. Fig. 1 gives the

The can has a piece of clear plastic measuring 178
x 6.4 mm (7 x 1/4 inch) mounted snugly in the open
end. See fig. 1. Drain holes should be drilled into the
bottom of the can.

The TV-type chimney mast straps are used for re-
inforcement, as shown in fig. 1. These reinforce-
ment straps are absolutely necessary.

When, completed, the distance between the ends
of each set of tubing (horizontal or vertical) should be
between 686 and 711 mm (27 and 28 inches).

weather protection

I used polyurethane liquid plastic coating for
weather protection. However, almost any good
spray enamel could be used. Extra coats of paint on

Complete antenna showing the can-type resonator and
feed-system details. Two coaxial cables are used.

the steel plate are desirable to inhibit corrosion.
(Don't paint the plastic cover for the cans.) Liberal
use of PVC tape over the coaxial-cable fittings where
they fasten to the cans will help to make waterproof
joints.

ham radio

radiators. By Paul F. Magee, W3AED, RR2, Box 432,
| obtained a piece of steel measuring 1.6 x 102 x  Berlin, Maryland 21811
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fig. 1. Construction details of the high-gain 1215-1300-MHz antenna. Design features both vertical
and horizontal polarization and an enclosed, weather-proof feed system.
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The TS-8208S puts out probably the cleanest
signal on the bands. The third order products
are at least —35 dB due to Kenwood's
unique RF Negative Feedback (RFNFB) circuit.
State-of-the-Art PLL and single conversion

design are combined for superb spurious
The TS-820S .. .still the Pacesetter. It has proven . = . . ¢ far exceeding today's FCC

itself to be the performer we promised, proven requirements . . . the non-harmonic spurious
itself through thousands of hours of operating emissions are better than —60 dB and the
time, world wide and under the most difficult harmonic spurious are better than —40 dB.
mm. Unw mm' w”'h w“ﬁm. The receiver boaﬂs Dl.ltsiandirlg sﬂﬂsitiViw
and top quality tructi all hallmarks of " better than .25 uV for 10 dB S/N. And
AT when it comes to dynamic range, it’s tough
Kenwood amateur products are eminently 1, jeat the TS-820S. These are impressive
displayed in the TS-820S. But then, you’ve npumbers. That's why so many prominent
probably heard all that on the air by now. DXers are using the Kenwood Pacesetter . . .

the TS-820S.
The man to see...your local Authorized
== Kenwood Dealer. He can give you all the
information you need and the best deal.
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Kenwood’'s unbeatable combination. The VFO-
820 solid state remote VFO adds greatly to the
versatility of your TS-820S. It has its own RIT
circuit, control switch and is a perfectly matched
accessory. The SP-820 deluxe external match-
ing speaker includes audio filters for added

TS-BEDS VFO-82OS SP-BED versatility on receive and two audio inputs




Kenwood offers this totally unique unit as a perfect
compliment to your TS-820S or TS-520S station."*
The SM-220 permits you to monitor your transmit-
ted signals, thus assuring optimum linearity and
maximum performance. With the addition of the
BS-5 or BS-8 Pan Display option you will be able
to determine visually the location and strength of
adjacent signals without tuning your receiver off
frequency. The choice of options allows you to
adapt the SM-220 to either the TS-8208 or TS-
520S, depending on which rig you now have or
may acquire.

The SM-220 has a built-in two-tone audio generator
with full provisions for tuning your exciter and
linear amplifier (160 m through 2 m).

All this costs little more than a general-purpose
oscilloscope. And, of course, it's pure Kenwood
quality.

*With BS-5 or BS-8 option

“For other modaels check with appropnate manufacturer
for compatibility.

IT'S NEW...IT'S UNIQUE...AND IT'S TRULY
USEFUL. IT'S KENWOOD'S SM-220 STATION
MONITOR. THE SM-220°'S UNEXCELLED
VERSATILITY ALLOWS YOU TO MONITOR YOUR
TRANSMISSIONS, MONITOR INCOMING SIGNALS,
AND MONITOR THE AMOUNT AND STRENGTH OF
BAND ACTIVITY®* AND PERFORMS AS A GENERAL-
PURPOSE 10 MHz OSCILLOSCOPE, AS WELL.

= LA ’

MER v OTH -~
NT/OFE & 3 Sty

-.’f —

AT/ Crtm 31 OC sy |

Two-Tone Wave Envelope
For "'performance’’ tune-
ups or checking proper
tranceiver oparation
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Pan Display Use to check
source of interlerance dur
ing 'OS0" without maving
off-frequency. Also deter-
mines location and strength
of adjacent frequencies
(Requires BS-5 or BS-B
option)

Keyed Waveform Shows
detail of CW keying. Usa to
monitor the gquality of your
CW nota. (Photo shows
ideal wavaform produced
by TS-8205))

Oscilloscope Oparation
{1 kHi) Oscillmor function
allows Sine, square wave
Lissajous patterns for test
ing of design work

Trapetoid [(TS-B205 w/
TL-922) Shows linearity ol
power amplifier. Used pri
marnly for testing

Wave Envelope shows full
558 voice modulation, with
processor on (full compres
sion), and “‘clean signal
ot full power

TRIO-KENWOOD COMMUNICATIONS INC
1111 WEST WALNUT /COMPTON, CA 90220



simplified
antenna gain calculations

you can make similar calculations for configurations
in which you are interested. It should be observed,
however, that the methods described are applicable
to only some antenna types. For example, multi-ele-
ment arrays with parasitic elements are not suited to

A straightforward

approaCh for the simple technique described here. However, this
. . technique does allow you to gain a significant
Compa”ng the ga|n amount of insight into a number of different
f b antennas.
Ol a number basic assumptions
Of popular As it turns out, very few assumptions must be
made to compare the gains of the antenna types
amateur antennas which are considered here. These assumptions are
listed below:

1. The feedpoint is at a point of maximum current.
it is well recognized by amateurs that improve-
ments in an antenna installation can usually do more
to enhance a station’s capabilities than any other im-
provement. The purpose of this article is to help you 3. All power fed into the antenna is radiated.
choose or optimize an antenna arrangement from the
standpoint of gain. Of course, many other factors
have a large influence on antenna performance
including ground conditions, ohmic losses, height

2. The feedpoint resistance (at resonance) is
known.

4. The current distribution for wire resonant
antennas is sinusoidal and for antennas containing
inductive loading is approximately trapezoidai.

above ground, polarization, bandwidth, mulitiband 5. The current in each part of the antenna is either
operation, effects of nearby objects, and so on. This in phase or 180° out of phase with the current in
article will not deal with these topics, but will attempt all other parts of the antenna, with phase reversals
to consolidate some results of gain calculations made occurring where the current goes through a

on some of the more popular antennas in use today.
Along the way, a relatively straightforward approach By Frank Witt, W1DTV, 20 Chatham Road,

for making such calculations will be described so that ~ Andover, Massachusetts 01810
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minimum. Although this assumption is not 100 per
cent valid,! the results should be close enough to
reality to provide insight for those of us who enjoy
experimenting with different antennas.

All gain calculations will be made relative to a half-
wavelength dipole. With the exception of the mono-
pole example given later, the antennas will be as-
sumed to be in free space.*

Although the calculations are made for transmit-
ting antennas, the results apply equally to receiving
because of the principle of reciprocity.

theory

The field strength due to a part of an antenna is
proportional to the magnitude of the current flowing
in that part. This dependence is shown in fig. 1. [t is
assumed, of course, that the observer is many wave-
lengths from the antenna; all parts of each of the an-
tennas considered here will be essentially the same
distance from the observer. By ’‘essentially the

l-—~——— MANY WAVELENGTHS —%—j
1 OBSERVER
, ® POINT ©

F PROPORTIONAL
TO I,

Il
oT o casere

I, F PROPORTIONAL

' z TO (I, + 1)
fig. 1. Field strength due to a part of an antenna is propor-
tional to the magnitude of the current flowing in that part.
At A, the field strength at the observer {(point O} is due to
the current element /,. Since /, and [,, B, have the same po-
larization and are the same distance from the observer, the
field strength Fis the sum of the field strengths due to each
current element.

same’’ | mean that any differences in distance from
the observer are very small compared to a wave-
length. A surprisingly large number of practical
antennas exhibit maximum gain in a direction where
this distance constraint is valid.

Another simplifying assumption is that in the direc-
tion for which the gain is to be calculated some radia-
tion cancellation takes place, as seen in fig. 2.

*An assumption of free-space conditions simplifies the calculations, but
many would argue that it's both unrealistic and misleading to discuss the ra-
diation characteristics of either straight or bent dipoles for use in a ground-
oriented communications link if the effects of ground reflections are
ignored. Nevertheless, the gain technique discussed by the author provides
a basis of antenna comparison. It should be kept in mind, however, that the

gain and radiation patterns presented here are not necessarily representa-
tive of those found in a real life, near ground situation. Editor.

feedpoint resistance

To determine the relative magnitude of the current
flowing in an antenna, the feedpoint resistance must
be either assumed, measured, or calculated.
Through the use of an impedance bridge, using
either an oscillator or noise generator as a source,

F PROPORTIONAL
21,

—

fig. 2. The observer in this case is looking into the plane of
the page. Note that the vertical components, [, add while
the horizontal components, I, cancel. Field strength F is
proportional to 27,

quite accurate measurements of feedpoint resistance
may be made (see references 2 through 4}. Anyone
who is seriously interested in optimizing an antenna
installation should have a means for measuring feed-
point resistance.

Direct calculation of antenna feedpoint resistance
is @ complex mathematical process except for the
simplest of structures. The engineering literature
yields some useful results, but much more work
needs to be done in this area.

Fig. 3 shows how the currents are related for two
antennas with different feedpoint resistances when
you assume that the same amount of power is fed in-
to each antenna. Thus Gg, that part of gain due to
feedpoint resistance, is given by

Gr(dB) =20 zog% = 20l0g |7 = 10108 B

where R is the feedpoint resistance of the antenna
under consideration {73 ochms is the free-space feed-
point resistance of a half-wavelength dipole).

| |
! |
R I1e

TRANSMISSION LINE ! TRANSMISSION LINE !

pP—= R, P Re

1

Iy, I,
t !
| |

ANTENNA | ANTENNA 2
Pa1?R <1,2R, L, A
o I Ry

fig. 3. Effect of feedpoint resistance on current when the
same power Pis fed to two different antennas.
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current distribution

The currents which affect the field strength vary
along the length of the antenna. At the open ends of
a wire antenna (e.g., the ends of a dipole), the cur-
rent is practically zero. It is customary to assume that
the current varies along a resonant antenna sinusoid-
ally and this will be done here; fig. 4 shows the
assumed current distribution along a half-wavelength
dipole.

Since it will arise frequently, it's useful to compute
the field strength due to a sinusoidal current distribu-
tion along a straight wire. Fig. b shows the general
result for the field strength due to a section of anten-
na wire of length x; with a sinusoidal current distribu-
tion as shown. For a half-wavelength dipole,
x;=M\/4, and since the fields radiated from the two

A

R = 73 OHMS
—— INSTANTANEOUS CURRENT FLOW

' "2 3 4 5

fig. 4. Current distribution along a half-wavelength dipole.

halves add in phase {in the plane normal to the radia-
tor, at its center)*
_ kM 2w N _ RN
Fp= ZTW stn 3T g T 4

This is the reference field strength due to current dis-
tribution for gain calculations. G¢ is defined as the
part of the gain due to current distribution and is
given by

Gc (dB)= 20 log -F% = 2010g 5

where F is the field strength of the antenna under
consideration, Thus the gain relative to a dipole in dB
is given by

73 oz T

G=Gg+Gc=10log B2 + 20108 [

*Off the plane normal to the radiator the fields add out of phase, 1o a degree
related to the angle off the plane, resulting in the dipole radiation pattern.
Editor.
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fig. 5. Field strength, F, due to a sinusoidal current distribu-
tion; % is a constant of proportionality.

Since k, A\, and I will cancel in the subsequent calcu-
lations, it is clear that if R and F can be determined,
the gain relative to a dipole may be found.

Another current distribution of interest is the trap-
ezoidal distribution, which is a good approximation
for inductively-loaded, short antennas.5 The only
antenna having this current distribution that will be
considered here is the quarter-wavelength dipole
with loading coils located as shown in fig. 6.

other factors

As seen in fig. 2, in some cases the current in the
direction of the wire is not the appropriate current to
use. What is required is the current in the direction of
the polarization being considered. Hence, for fig. 2,
the current component of interest is

Iy=1Icos#8

Another consideration is the number of radiating
elements. In this case, you must account for the fact

L

A
4
R zs‘ OHMS

CURRENT
DISTRIBUTION

b3
=)
b

R L A L3
Fek-g-I+2.k 3 :s":‘s"‘“
B

(S

A
G-IOqu%%*ZOIog%kI\I»T"F
- 448 dB — 4.60 dB + —0.12 08

fig. 6. Gain of a quarter-wavelength inductively-loaded dipole.



that the power is divided among these elements. For
the two-element broadside and collinear arrays con-
sidered here, the power is equally divided between
the two radiators. Hence, the multi-element factor
Gy, which must be included in the gain calculations,
for the two-element case is

Gu=10log §; =~3.01dB

With these preliminaries disposed of, we can now
consider several specific antenna types.

inductively-loaded dipole

Consider the inductively loaded dipole shown in
fig. 6. The feedpoint resistance is assumed to be 26
ohms.5.8 Further verification of this value is required,
however. The fact that the gain is essentially that of a
full-size dipole is consistent with the popularity of
this antenna for many sloping-dipole installations on
80 meters. However, it is hampered somewhat by its
relatively narrow bandwidth.

inverted vee

Fig. 7 shows the instantaneous currents in a dipole
having legs formed as an inverted-V. When the legs
form an angle less than 180 degrees, the radiation
resistance is reduced, resulting in a corresponding re-
duction in feedpoint resistance.’.8 However, the cur-
rent distribution is practically the same as that for the
straight dipole of fig. 4. In the broadside direction
the fields resulting from the vertical current compo-
nents cancel; however, the horizontal field compo-

! MAJOR LOBE , BROADSIDE 5

F
F oo Fn o cos 45% ¢ =2

vz
G-IOloq‘z%\*ZOIng—v%

* 2.6/ d8 — 3.0/ dB » —0.40 d8

fig. 7. Gain of the inverted-V dipole. Observer is facing the
page, and polarization is horizontal. An observer in the
plane of the paper, looking into the antenna from left to
right would see a small component of vertical polarization
due to uncancelled vertical components radiated from each
leg. The vertical components cancel in the broadside di-
rection.

8

o —

/ ) ’
R= 40 OHMS

(FREE SPACE)

SIDE VIEW

@.— 3.;L 2 1 _.®

|
®

TOP_VIEW

Fa

o 7
Gyt 10 0 22 4 20109 102

“26/d8 - 602 a§ « —3.4/ d8

G@' SAME AS INVERTED V = —0.40 d8

fig. 8. Gain of the L antenna. All points on the equatorial
plane are broadside to the antenna. In the polarization
plane normal to the equatorial plane the gain is uniformly
maximum everywhere on the equator. Maximum gain is in
direction 2 and is the same as an inverted V with a 90 degree
included angte.

nents add, but they are diminished by the folding. On
the other hand, this reduction is almost completely
compensated for by the overall increase in magni-
tude of a/l the field components, resulting from the
higher antenna current |, due to the lower feedpoint
resistance. When the included angle is 90°, the feed-
point resistance in free space is typically around 40
ohms, and the gain relative to a straight, 180-degree
dipole is approximately — 0.4 dB.

L antenna

The L antenna shown in fig. 8 is of interest
because it has been used where height is limited. In
direction 1 the polarization is vertical, but in direction
2, where the gain is maximum, the polarization is half
horizontal and half vertical. In direction 1 only half
the antenna is seen by the observer and the gain is
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—3.41 dB (free space). In direction 2, the gain is the
same as that for the inverted V, which is obvious
when you remember that the L is a rotated V. in
direction 3 the gain in only slightly less than in direc-
tion 2, but will not be calculated here.

multi-element driven arrays

You can use the methods described here to deter-
mine the relationship between gain and feedpoint
resistance for certain types of driven arrays. Such
data are available in the ARRL Antenna Book for
ideal situations, but the method given here will
enable you to infer gain directly from feedpoint
resistance measurements.

The cases considered are the collinear and broad-
side arrays, where two in-line or parallel half-wave-
length dipoles are fed in phase as shown in fig. 9.
The current distribution is the same as for the refer-
ence dipole but since there are two radiators,
Gc=6.02 dB. The power is split between the two
radiators, however, so the field strength is modified
by Gy = — 3.01 dB. Thus, as seen in fig. 9, the gain

table 1. Calculated gain of cotlinear array.

feedpoint resistance

spacing for each dipole gain
s R (ohms) G (dB}
0 94 1.9
X
§ 87 2.2
? 76 2.8
o 70 3.2
A 73 3.0

is related very simply to the feedpoint resistance by

G=10log %> + 3.01dB

This relationship is plotted in fig. 10.

The feedpoint resistance and gain for several spac-
ings of collinear dipoles are shown in table 1. The
resistance values were obtained from The ARRL
Antenna Book? (page 134); the calculated gain
values using fig. 10 agree exactly with those given in
the Antenna Book.

The Antenna Book does not give the feedpoint re-
sistance for the broadside array, but it does give gain
as a function of spacing. Again fig. 10 was used, but
this time to determine the feedpoint resistance of
each dipole. The results, shown in table 2, agree
very well with those given in reference 9.

monopoles

A popular vertical radiator is the monopole, or
quarter-wavelength half-dipole over ground. At high-
er frequencies, resonant radials are used if the anten-
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fig. 9. Gain calculation for two in-phase paralle! half-
wavelength dipoles in a collinear arrangement, A, or
broadside array, B.

na is elevated well above ground, at least a quarter
wavelength. At lower frequencies elaborate radial
systems (usually buried a few inches) are often em-
ployed. Such a ground system is required if optimum
radiating efficiency is to be obtained. An infinite, per-
fectly-conducting ground is assumed in fig. 11. The
feedpoint resistance of the quarter-wavelength half-
dipole, in conjunction with its ground-reflected
image is 36.5 ohms, half that of a complete dipole. In
this case, the total field strength results from the in-
phase addition of the direct radiation from the mono-
pole and the radiation from the ground image. The
total field is therefore twice that radiated directly
from the monopole. if the reference dipole antenna is

table 2. Calculated feedpoint resis-
tance of the broadside array.

feedpoint resistance

spacing foreachdipole gain
d R (ohms) G (dB)
0 146 0
» 136 03
2 .
? 116 1.0
> 59 3.9
—3 A 51 4.6
A 77 2.8

considered to be in free space then it would appear
from fig. 11 that the monopole has + 3.01 dB gain,
but this is misleading. The reason for the apparent
gain is that the monopole radiates the power only in
the “‘half’”’ space (or half hemisphere) above ground,
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fig. 10. Feedpoint resistance versus gain for parallel half-
wavelength dipoles fed in phase.

while a free-space dipole radiates the same amount
of power in all space.

A similar calculation can be used to determine the
gain of a half-wavelength ground-mounted vertical
dipole. Since this antenna plus its image is like a col-
linear array with zero spacing, table 1 may be used
to obtain the feedpoint resistance of 94 ohms (the
feedpoint is at the current maximum, one-quarter
wavelength above ground). This calculation yields a
gain figure of 4.92 dB over a reference half-wave-
length dipole in free space. Thus a half-wavelength
ground-mounted dipole has 1.91 dB gain over a
monopole (4.92 dB— 3.01 dB=1.91 dB).

full-wave loops

The full-wavelength loop is used in the shape of a
square (the quad loop), a diamond, and a triangle
(the delta loop). In this section, the dependence of
gain on the loop shape will be calculated. Since |
don’t know the exact feedpoint resistance for each of

A 4
4
37R « 36.5 oHMS Fefe
, G« i0tog 355 + 20 iog |
PERFECT - 301 d8 + 0 a8 = 3.0 d8
GROUND i
ZT IMAGE

|
]

fig. 11. Gain of a monopole over perfectly conducting
ground relative to a half-wavelength dipole in free space.
The current distribution is the same as that shown in fig. 4.

these forms, a precise analysis is not possible. Some
interesting results have been obtained, however, and
some suggestions for further work have been iden-
tified.

Fig. 12 shows the current distribution on a full-
wavelength loop and two special cases. The shorted
half-wavelength transmission line will not accept
power because R=0, so it is of no interest as an
antenna. Fig. 12C proves that it is consistent for a

) FULL-WAVE LOOP
! 4 3 4
o~ ~————o .
5ine s
o- oo
f 8 7 6
Feo

Gg« 20 log O« ~ o0 dB

© exrreme FuL wave Looe: sworTED TRaNsMISSION
LINE. ONE HALF WAVELENGTH LONG.

3

=

Fe2F,
73
292
* —6.02 dB + 6.02 dB « 0 4B

10 2F,
R + 292 OHMS $5 G * 10 iog + 20 Ioo‘F—
L3

d

o]

7

@ roLoep DiPOLE

fig. 12. Current distribution of a full-wavelength loop, A, a
shorted half-wavelength transmission line, B, and a folded
dipole, C. The folded dipole provides the same gain as a
reference dipole.

folded dipole to have 0 dB gain and a feedpoint resis-
tance of 292 ohms (4 x 73 chms).

In the following discussion, the feedpoint resis-
tance of symmetrical loops will be assumed to be 130
ohms. This is consistent with reference 10 which
gives a value of 125 ohms for the square loop, and
reference 11 which reports that the calculated value
for a circular loop is 140 ohms. By symmetrical |
mean a square, a diamond, an equilateral triangle, or
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Fea.
[ L LY SR, - - Fa
73
G 10 log ;35 + 20 tog V2
- —2.5( d8 + 3.0 4B = +0.5 dB

i
-0 O—

130 OHMS 8

© souare Or ouao LooP

F»2-cos 45° Fy = VZ Fp
73
G = 10 log 730 + 20 1og V2

= ~2.51 g8 + 3.0/ dB = 0.5 dB

130 OHMS

© o1avono Looe

acircle. The gains of symmetrical loops are calculated
in fig. 13.* All of the loops are fed so that polariza-
tion is horizontal. Note that movement of the feed-
point to points 3 or 7 will provide vertical polarization.
The gain is the same for either polarization; this is ob-
vious for the square, diamond, and circle, and may
be easily shown for the equilateral triangle (a calcula-
tion similar to that of fig. 13C if you assume that the
feedpoint resistance is unchanged).

In reference 13 the top-loaded delta loop is intro-
duced as an efficient vertical radiator for use where
height is limited. In fig. 14 gain calculations are
shown for a top-loaded delta loop and an isosceles
triangle loop (called here the low delta loop) with the
same vertical dimension. Again, a feedpoint resis-
tance of 130 ohms is used, but this time the figure
comes from measurements made at W1DTV for 80-
meter antennas whose bases are 3 meters {10 feet)

*These gain figures and those in the following table differ from the gain fig-
ures given in reference 12 which states that the free-space gain of full-
wavelength loops in the shape of squares, diamonds, or circles is approxi-
mately 1 dB. The discrepancy may be a result of using incorrect free-space
feedpoint resistance values. Editor.
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fig. 13. Gain calculations for symmetrical full-wavelength
loops. Note that for the square or quad loop, A, the four A
segments add in phase, and the four B segments cancel.
The diamond loop has the same gain as the square loop. In
the circular loop, D, the variable x is measured clockwise
around the loop with x = 0 at the feedpoint.

above ground. The free-space values of feedpoint
resistance are unknown.

It is interesting to compare the results of the full-
wavelength loop gain calculations.

shape gain
Circle 1.4dB
Square 0.5dB
Diamond 0.5dB
Equilateral triangle -0.2dB
Top loaded delta loop -0.7d8
Low deilta loop (g X high) -3.0dB

All of these results assume the same feedpoint resis-
tance. This is a shaky assumption, and shouid be ex-
amined analytically as was done for the circular loop
in reference 11. In any event, the methods given here
allow you to revise these results if and when more
solid feedpoint resistance data are available.

If the assumed feedpoint resistances are correct,
however, there is a significant gain penalty when a
low delta loop is used as a vertical radiator. Fortu-
nately, top loading may be used to recover some of
this loss. The low gain in a direction perpendicular to
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fig. 14. Gain calculation for the low deita loop, A, and the
top loaded delta loop. B. The current distribution in the low
delta loop is the same as that shown in fig. 12A; note that ra-
diation from the base is cancelied.

the plane of the low deita loop is probabily indicative
of a pattern somewhat different than that of the
more symmetrical configurations. The current distri-
bution suggests more high-angle radiation than the
other loops, also.

summary

The results of the gain calculations have been
summarized in table 3. Also shown is the assumed
feedpoint resistance and the size of the antenna in
wavelengths. One observation | have made as |
became interested in this subject is that there are
many conflicting published gain values for various
antenna configurations. In particular, the values for
full-wavelength loops and the monopole vary consid-
erably. In most cases, however, the method for arriv-
ing at a particular published value of gain has not
been disclosed. In this paper, a straightforward ap-

table 3. Summary of antenna gains as compared to a half-
wavelength dipole in free space.

assumed

feedpoint gain
type {ohms) size (dB)
Broadside (0.75\) 51* 0.75\ x 0.5\ 4.6
Broadside (0.5\) 59* 0.5\ x 0.5\ 3.9
Collinear {0.5)) 70* 1.5\ x O\ 32
Collinear (0.25\) 76* 1.25\ x O\ 2.8
Collinear (0.125\) 87* 1.125\ x O\ 22
Collinear (O\) 94* 1.0A x ON 1.9
Circular loop 130 0.32Ax 0.32\ 1.4
Broadside (0.256)) 116* 0.5\ x 0.25\ 1.0
Square 130 0.25\ x 0.25\ 0.5
Diamond 130 0.35\ x 0.35\ 0.5
Broadside (0.125)\) 136* 0.5Ax 0.125\ 0.3

Half-wavelength dipole 73 0.5\ x O\ 0

Folded half-wave dipole 292 0.5\ x O\ 0
Quarter-wave dipole 26 0.25A x O -0.1

(inductively loaded)

Equilateral triangle loop 130 0.33A x 0.29x -0.2
Inverted V (6 =90°) 40 0.35A x .18\ -0.4
L antenna {6 = 90°} 40 0.25)\ x 0.25\ -0.4
Top-loaded delta loop 130 0.25\ x 0.22)\ -0.7
Low delta loop 130 0.41\x0.22)\ -3.0

*Each dipole; spacing shown in parentheses.

V3 64 A1 2m 34
F-Z-T-E»z—”losm-r~a

cos 8

[7.94

130

c-:oroq%%420mg2—

o «=~2.5148 + 1.76 48 = —0.75 48

proach for calculating gain has been presented and
applied to a number of examples. The intention is not
to present the final word regarding antenna gain fig-
ures, but to provide insight and a basis for future
work. This has been done by splitting the gain calcu-
lation into several parts: the effect of feedpoint
resistance, the effect of current distribution, and the
effect of the number of driven radiators. Aithough
the approach is not applicable for all antennas, it
does apply to enough popularly used antennas to be
worthwhile.

It has been pointed out in the past how valuable
the knowledge of feedpoint impedance can be for
tuning and feeding an antenna; the emphasis here
has been to point out another reason for measuring
this quantity — the calculation of gain.
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Heath HD-1982 Micoder

for low-impedance
operation

The new Heathkit HD-1982 micro-
phone with installed Touch-Tone pad
provides a very convenient way to
connect a pad into a transceiver
which has no auxiliary audio input
jack. There is a problem, however, in
using the unit with transceivers such
as the Drake TR-22C which is de-
signed for low-impedance micro-
phones. The HD-1982 is designed to
operate into a load of 10k-ohms or

An emitter foilower circuit was de-
signed and connected into the circuit
as shown in fig. 1. The input imped-
ance of the circuit consists of the par-
allel combination of the two 68k resis-
tors and the transistor H¢, X (2000),
or about 30-k ohms. The output im-
pedance is approximately 2000 ohms.
The emitter follower was mounted
on a small piece of phenolic board ap-
proximately 1-inch (2cm)} square. The
circuit board fits easily in the top of
the microphone case between the
two mounting posts. The length and
routing of the four leads connected

higher.
4\, ‘

Vazx

| MIC

+

o4F

oV _
M’L%
TRANS REC

';; REDi CONTROL

CIRCUIT
A S A

WHT

— AUDIO
SHIELD

BLK

GROUND

fig. 1. Schematic dia-
gram of the emitter
follower used to inter-
face between the
HD-1982 Micoder and
a low-impedance mi-
crophone input.

Thinking that the mismatch might
not be too serious, | tried the HD-
1982, as designed, with the TR-22C.
On-the-air checks were made with
four stations. All reported muffled
voice quality which cleared up upon
changing to the Drake microphone.
Some corrective measures were
clearly indicated.
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into the existing circuitry is not criti-
cal. Because the circuit had to be
mounted on a board of limited dimen-
sions, the size of the coupling capaci-
tors is critical; | used Caelectro part
numbers A1-302 and A1-306. These
capacitors are about the size of the
head of a match and fit nicely in the
available space.

The modification corrected the
problem. On-the-air checks have indi-
cated no essential difference between
the performance of the Drake micro-
phone and the modified HD-1982.
Touch-Tone operation has been very
successful with reports of good qual-
ity audio.

Wesley Johnson

cleaning teleprinters

My plans to rewire a surplus model
19 Teletype machine and intercon-
nect it to the model 14 TD were hin-
dered by the dirt and oil build-up on
the machines. Having an unusually
neat and clean shack, it was impera-
tive they be cleaned!

After a few fruitless efforts, the
idea to use a commercial degreaser
was conceived. A quart can of Gunk
all-purpose degreaser was sprayed all
over the internals (after removing
only the motor) using a spray bottle
such as a Fantastik cleaner applica-
tor. After allowing approximately 20
minutes for the degreaser to work,
the machine was rinsed thoroughly
using the fine spray of the garden
hose hooked to the hot water spigot.
Extremely greasy areas were then giv-
en a second application of Gunk, a
light scrubbing with a paint-brush,
and more vigorous application of hot-
water. Drying can be expedited by
setting the unit in the sunshine
and/or using your wife's electric hair
styler or vacuum cleaner with the
hose attached to the exhaust.

After complete drying, the unit
should be lubricated to prevent rust.
The model 14 TD was also cleaned in
this manner. The motors, however,
were cleaned with heavy shop-rags
and solvent. | have since cleaned sev-
eral motors using this technique (with
Gunk and hot water) so | suspect the
TTY motors could be cleaned while
on their mountings.

As can be imagined, this is a very
messy operation. The best place to
do it is outside on the gravel drive-
way. The results, however, are noth-
ing short of fantastic! The aluminum
frame sparkies like new; the levers



and gears look like the day they were
assembled.

It may only be my imagination, but
the model 19 seems to run quieter
and better since cleaning. It's defi-
nitely easier to work on.

F. Neil Urban, WBCD

remote rf current

readout

The amount of current flowing in
an antenna or a feedline is often more
indicative of efficient system opera-
tion than vswr. Moreover, having
such a current readout conveniently
located at the operating position
greatly simplifies transmitter adjust-
ment and rapid frequency changes.

RF
LINET™] Lame

fig. 2. Simple circuit for re-
mote readout of rf current
on your transmission line.

The rf current readout described is
based on the use of a simple optical-
ly-coupled isolator, as iillustrated in
fig. 2. A suitable pilot lamp is illumi-
nated by a small sample of f and en-
ergizes an inexpensive solar cell; the
dc current generated by the cell is a
measure of relative rf power, and may
be routed to a low-current meter
located at any convenient point.

A sensitive, low-current piiot lamp
is desirable to cause minimum dis-
turbance to normal rf circuit condi-
tions. The Number 48 or 49, 60 mA
lamp is suitable for use with transmit-
ters above 1-watt output. The solar
cell may be an International Rectifier
B2M or any similar device. A meter,
reading 1 milliampere or less is suit-
able. A variable current-limiting con-
trol, although not absolutely neces-
sary, will add convenience to the
system.

The solar cell and lamp may be
taped together, using dark tape to
prevent light from other sources

SMALL

reaching the cell. The lamp filament
should parallel the solar cell surface
for maximum sensitivity.

The lamp may be connected direct-
ly in series with a conductor which
carries very low rf power. For higher
current, the lamp is connected across
a suitable portion of the line, which
then serves as a shunt to limit lamp
current to a safe value. Initially, the
lamp shunt should have low resist-
ance, and be gradually increased untit
only useful brilliance is obtained at
maximum rf power ocutput.

The rf readout system provides
complete isolation between rf and dc
circuits, allowing efficient placement
of the rf pickup and convenient loca-
tion of the relative rf-reading meter.

200 OHM
SHUNT

During initial adjustment of a new an-
tenna system, several inexpensive
pickups may be temporarily installed
to monitor rf current in various com-
ponents.

Gene Brizendine, W4ATE

multiplexed
counter displays

We have received many questions
from readers concerning the digital
display for the counter shown in the
article on page 22 of February, 1978,
issue of ham radio. The author made
two references to the type of display
used with the counter. In one he
stated that, ‘‘the multiplexer in the
7208 energizes each LED in se-
quence.”” This means that the lines
coming from the 7208 (pin 5 for ex-
ample) are used to turn on (enable)
the appropriate digit.

Segment information is also ob-
tained from the 7208 IC. In this case,

the same information goes to all the
LEDs. Pin 28 of the 7208, would ga to
the a segment of each LED, and pin
17 to the b segments, etc. During op-
eration, the segment information
appears at the same time as the digit
enable line. For additional informa-
tion, refer to the article by John Bor-
delon, K4JIU, on page 30 of the same
issue. He uses the same technique in
another version of the same counter.
At the present time, the ICs can be
obtained from at ieast three sources:
Circuit Specialists, James Electron-
ics, and Poly-Paks.
Charles Carroll, K1XX

emergency quad

antenna repairs

The worst enemy of the cubical
quad antenna is the kind of winter
storm that simultaneously subjects it
to ice and wind loading. Here in the
Chicago area we don't get that kind
of storm too often, but when we do
most quad owners seem to end up
with some antenna damage. A quad
antenna with a broken spreader,
besides being useless as an antenna,
is also extremely vulnerable to further
damage if not promptly repaired.

A few winters back, | arose one
morning to find three broken spread-
ers on my two-element quad. Not
having any replacement spreaders on
hand, | nevertheless managed to
have the antenna fully operational
and structurally sound again within a
few hours. | went to the hardware
store and purchased a length of 19 x
19 mm x 3 mm {3/4 x 3/4 inch x 1/8
inch) thick aluminum angle stock. 1
cut it into 30 ¢cm (12 inch) lengths and
used two pieces as splints to repair
each break, one on each side of the
spreader. The splints were secured by
wrapping them tightly at each end
with no. 14 (1.6mm) solid wire, and a
layer of tape was added over the wire
for good measure. The antenna was
used in this condition for several
months with no apparent effect on its
performance due to the aluminum
splints.

John E. Becker, KOMM
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THE NEW INDUSTRY STANDARD
OF PERFORMANCE...IS THE Wilson SYSTEM ONE!

A DX'ers delight operating 20 meters on a full 26" boom with 4 elements, 4 operational elements on 20-15-
10, plus separate reflector element on 10 meters for currect monoband spacing. Featured are the large
diameter High-Q traps, Beta matching system, heavy duty taper swaged elements, rugged boom to element
mounting . . . and value priced! Additional features: « SWR less than 1.5 to 1 on all bands « 10 dB Gain

« 20-25 dB Front-to-Back Ratio.

The mechanically Insulated

superior construction deiven
uses heavy duty element
bhoom to e_lement with
extrusion. xracision

Beta match

and heavy duty element

mounts. Shown with
Wilson’s new optional
Torrid Core B-50-A Balun.

Advanced design large diameter
High-Q Traps for minimum loss and maximum power capacity

. L e
SPECIFICATIONS: SY-1 f ]
Matching Method . . .. Beta Boom Length .. 26 Required - [‘ ST Tk =
Band MHz ......... 142128  Boom Diameter . 2 0.D.  Mast Diameter 2°0D. . it | =
Maximum Power Input Legal Limit No. of Elements. 5 Surface Area ., .... 86sq.ft. ot il A s
VSWR (at Resonance) 1.5 10 1 Longest Element 26' 7  Windload at 78 mph 215 Ibs. 20 METERS - oo
Impedance ......... 50 ohms Turning Radius . 18’ 6" Shipping Weight .. . 651bs. - - :
G v 2t Vite 2 vacaie 10 dB F/B Ratio...... 20-25 dB  UPS Shipment in 2 Cartons e /,/_E

DEALERSHIPS
AVAILABLE™

Electronics Corp.

4288 So. Polanis * P. 0. Box 19000 * Las Vegas, Nevada 89119
Phone (702) 739-1931 « Telex 684522

g We are looking jor new Dealers .
tor eertain areas of the country
1§ you are interested,
contact us jor details
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MAY VOTRIELM0

It’s Understandable.

Ham Radio HORIZONS is written in a
language just for you. Easyto understand, easy to
enjov. If you really want a thorough, well-rounded
knowledge of Amateur Radio and not just a hazy
idea of what it is all about, then you need Ham

Radio HORIZONS

HORIZONS is the only popular monthly
Amateur Radio magazine which doesn't
bombard you with deep technical material. It is
devoted to the operator, old-timer and beginner
alike, but not the technical genius (although he'll
enjoy its fresh entertaining look, too) It's devoted

to you —the person who enjoys getting on the air
and wants to get the most from this great pastime

Rather than keep you guessing, HORIZONS
spells it out so you know exactlywhat's happening
in Amateur Radio. Great authors like Bill Orr,
W6SAIL: Bob Locher, WOKNI: Charlene Knadle,
WB2HJD plus our own super-staff of
Jim Fisk, WIHR; Tom McMullen, WISL.: and
Jim Gray, WIXU, bring you the excellent, down
to-earth writing that Radio Amateurs at all levels
are talking about.




SPECIAL GUARANTEE

Ham Radio HORIZONS positively guarantees your satisfaction with every
issue. If at any time you are not satisfied with an issue of HORIZONS, just en-
close this guarantee coupon along with the front cover of the issue in question
and we will extend your subscription by one month — Absolutely FREE!

And of course our regular money-back guarantee also applies to your
HORIZONS subscription. You must be satisfied or we will refund any unused
portion of your subscription.

Ham Radio HORIZONS, Greenville, NH 03048

It’s Understa

.---------.
Subscribe Now!

FREE! THE GOLDEN YEARS OF RADIO

YES,  want to subscribe to HORIZONS and receive FREE the exciting,

new GOLDEN YEARS OF RADIO.

[ 1vear. 12issues $997 (Save 33% OFF Newsstand Price) : ] Ni?\N

[ 3ypears 36issues  $2397 (Save 50% OFF Newsstand Price) [ RI'N[WN

[J Check or Money Order enclosed [0 Master Charge [ VISA I Bill Me

Acct. # Exp. date } MCBank #
Name —

Address
City State Zip

Ham Radio HORIZONS, Greenville, NH 03048



600 MHZ. FREQUENCY COUNTER
" 10.1 PPM TCXO

OPTO-8000.1

This new instrument has taken a giant step in
front of the multitude of counters now available.
The Opto-8000.1 boasts a combination of fea-
tures and specifications not found in units cost-
ing several times its price. Accuracy of +0.1
PPM or better — Guaranteed — with a
factory-adjusted, sealed TCXO (Temperature
Compensated Xtal Oscillator). Even kits re-
quire no adjustment for guaranteed accu-
racy! Built-in, selectable-step attenuator, rug-
ged and attractive, black anodized aluminum
case (.090" thick aluminum) with tilt bail. 50
Ohm and 1 Megohm inputs, both with amplifier
circuits for super sensitivity and both

diode/overload protected. Front panel in-
cludes “Lead Zero Blanking Control” and a
gate period indicator LED. AC and DC
power cords with plugs included.

C
a €
om Wi

- —_— e—

CEY"

OPTOELECTRONICS, INC.
5821 NE 14 Avenue

Ft. Lauderdale, FL 33334

Phones: (305) 771-2050 771-2051

Phone orders accepted 6 days, until 7 p.m.

BANKAMERICARD
wileuen dew

SPECIFICATIONS:
Time Base—TCXO +0.1 PPM GUARANTEED!
Frequency Range—10 Hz 1o 600 MHz
Resolution—1 Hz to 60 MHz; 10 Hz to 600 MHz
Decimal Point—Automatic
All IC's socketed (kits and factory-wired)
Display—=8 digit LED
Gate Times—1 second and 1/10 second
Selectable Input Attenuation—X1, X10, X100
Input Connectors Type —BNC
Approximate Size—3"h x 7'2"'w x 6'2'd
Approximate Weight—2'2 pounds
Cabinet—black anodized aluminum (.090" thickness)
Input Power—8-15 VDC, 115 VAC 50/60 Hz

or internal batteries
OPTO-8000.1 Factory Wired
OPTO-8000.1K Kit

$299.95
$249.95

ACCESSORIES:
Battery-Pack Option—Internal Ni-Cad Batteries and charging unit

$19.95

Probes: P-100—DC Probe, may also be used with scope $13.95
P-101—L0O-Pass Probe, very useful at audio frequencies

$16.95

P-102—High Impedence Probe, ideal general purpose

usage $16.95

VHF RF Pick-Up Antenna-Rubber Duck w/BNC #Duck-4H $12.50
Right Angle BNC adapter #RA-BNC $ 2.95

B FC-50 — Opto-8000 Conversion Kits:

Owners of FC-50 counters with #PSL-650 Prescaler can use
this kit to convert their units to the Opto-8000 style case, includ-
ing most of the features.

FC-50 — Opto-8000 Kit $59.95
*FC-50 — Opto-8000F Factory Update $99.95
FC-50 — Opto-8000.1 (w/TCXO) Kit $109.95

*FC-50 — Opto-8000.1F Factory Update $149.95
*Units returned for factory update must be completely as-
sembled and operational

TERMS: Orders to U.S, and Canada, add 5% to maximum of $10.00 per order
for shipping, handiing and insurance. To all other countries, add 10% of total or-
der. Florida residents add 4% state tax. C.0.D. fee: $1.00. Personal checks must
clear before merchandise is shipped



products

For literature on any of the new
products, use our Check-Off
service on page 150.

new CDE rotor
for super antennas

Cornell-Dubilier Electric Company
has introduced a new heavy-duty
rotor, the Tail Twister, to handle an-
tennas with up to 2.6 square meters
(28 f12) of wind load area. A new con-
trol box was designed for the rotor to
complete the system.

The rotor incorporates the highly
successful HAM Il design with a new,
thicker, cast-aluminum bell housing.
Wider reinforced webs of the housing
permit easy support of large an-
tennas. On this model the upper
mast-support is predrilled to have a
bolt-through installation for positive
locking. Also new is a three-ring ball-
bearing assembly to provide in-
creased side thrust control and ver-
tical load-carrying capacities. The
motor is a new design with an auto-
matic coast-down prebrake action
and a metal pinion gear to guard
against stripping.

The control box features a full
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metered indication of the antenna
direction with front panel control for
calibration and brake. A separate on/
off switch is provided for instant an-
tenna location and brake operation.
LEDs provide a positive signal for
rotational power and brake operation.
The unit is attractively housed in a
black satin case. Low-voltage control
assures safe operation for the user
and installer.

The Tail Twister system is designed
for tower mounting as required for
most “‘super’”” communications an-
tennas. Weighing slightly over 8 kg
(18 pounds), with a height of 36 cm
(14-1/18B in), and a diameter of 2.3
cm (9-5/16 in), the unit is secured
with six bolts provided. The mast
diameter is a hefty 5 cm (2 in). For
further information, please contact
Mr. W. Carlson, Cornell-Dubilier
Electric Co., 150 Avenue L, Newark,
New Jersey 07101, or call (201)
589-7500.

SST ultra tuner

SST Electronics has introduced the
SST T-2 ultra tuner to tune out the
swr on any coax-fed or random-wire
antenna. The T-2 will work on 160
through 10 meters and is capable of

handling 200 watts. It uses a toroid
inductor and specially made capaci-
tors for small size. Its compact,
rugged, attractively finished, bronze
enclosure is 134 x 57.5 x 63.5 cm (5-
1/4 x 2-1/4 x 2-1/2 inches). SO-239
type connectors are used for the
transmitter input and coax-fed an-
tennas, while convenient binding
posts are used for the random wire
and ground connections.

The SST T-3 impedance trans-
former matches 52-ohm coax to the
low impedance of a mobile whip or
vertical. Using a 12-position switch,
with taps between 3 and 52 ohms,

this impedance transformer provides
broadband matching between 1 and
30 MHz. The SST T-3 is also housed
in an attractive, bronze-finished cabi-
net [70 x 51 x 57.5 cm (2-3/4 x 2 x
2-1/4 inches)|, with a toroid inductor
accounting for its small size.

All SST products are guaranteed
for one year. In addition, they may be
returned for a full refund within 10
days. The SST T-2 costs $49.95,
while the T-3 is priced at $19.95. For
additional information, contact SST
Electronics, P.O. Box 1, Lawndale,
California 90260.

mobile communications
antennas

A full line, general catalog featur-
ing communications antennas for all
frequencies normally used for mobile-
to-mobile and mobile-to-base op-
erations, has just been published by
Larsen Electronics. Both quarter-
wave and gain type antennas are fea-
tured, with a variety of both perma-
nent and temporary mounts included.
In all, over 200 antenna types, fre-
quency ranges, and mounting styles
are detailed. The catalog is fully in-
dexed by both number designations
and description for easy finding of
any specific style or model.

Two special features of the catalog
are an explanation of the easy-
memory designation system used by
Larsen and the complete series of
copyrighted '‘Select-a-Charts.”” As
explained in the catalog, the Larsen

Larsen
Kulrod

fintennas

tor batier

|orsen
Electronics

"h

More Details? CHECK — OFF Page 150



CALL TOLL FREE

Sale!
ATB-34

MOSLEY Regular
Classic 33  3ele. 10, 15, 20 Mtr, beam $232.50
Classic 36 6ele. 10, 15, 20 Mtr. beam 310.65
TA-33 3ele. 10, 15, 20 Mtr. beam 206.50
TA-36 6 ele. 10, 15, 20 Mtr. beam 335.25
TA-33Jr.  3ele. 10, 15, 20 Mtr. beam 151.85
TA-40KR 40 Mtr. add on 92.25

/&
CUSHCRAFT MOSLEY CL-36

ATB-34 4 ele. 10, 15, 20 Mtr. beam 239.95
ARX-2 2 Mtr. Ringo Ranger 32.95
A147-20T 2 Mtr. Twist 54.95
A144-10T 10 ele. Twist 2 Mtr, 34.95
A144-20T 20 ele. Twist 2 Mtr. 54.95
A14T-MB  Mounting Boom 15.95

HUSTLER

48TV 10-40 Mtr. Trap Vertical 99.95
RM-75 75 Meter Resonator 15.50
RM-75s 75 Meter Super Resonator 30.00
G6-144-A 6 db. 2 Mtr. Base Colinear 67.55

HY-GAIN
TH6-DXX  Super Thunderbird 249.95
TH3-MK3 3ele. 10, 15, 20 Mtr. beam 199.95
Hy-Quad 2 ele. Quad 10, 15, 20 Mtr. 219.95
TH3-Jr. 3ele. 10, 15, 20 Mtr. beam 144.50
18 HT Hy-Tower 10-80 Mtr. Vertical 279.95
14AVQ/WB 10-40 Mtr. Trap Vertical 67.00
18AVT/WB 10-80 Mtr. Trap Vertical 97.00
3ele. 2 Mtr. beam 12.95
5 ele. 2 Mtr. beam 16.95
8 ele. 2 Mtr. beam 19.95
14 ele. 2 Mtr. beam 26.95

WILSON
System One 5ele. 10, 15, 20 Mtr, beam 259.95
System Two 4 ele. 10, 15, 20 Mtr, beam 199.95

CDE ROTORS
Ham I} $125.00
T2X Tail Twister $249.00 m

4BTV

CD-44 $105.00
Call for SUPER price on Consolidated Tower and Berk-Tec Coax Cable

RINGO - WHNTAED
18HT Open seven days a week RANGER s rome 5/ sngmii”

Communications Center

BANNAMERICARD The Radio Store ster char
443 N. 48th, Lincoln, Nebraska 68504 In Nebraska Call (402)466-8402

More Details? CHECK — OFF Page 150 may 1978 95



SCR 1000

Standard of Comparison

IN VHF FM REPEATERS!

2M & NOW 220 MHz!

.,
L

-

ricrasm

P
fo-iiny COMMUNICATIDNY

YHF §M REpraren

Optional Cabinet $130.00

Now Available with Autopatch!

Now Spec Comm has taken the hassle out of putting an auto-
patch repeater on the air! The SCR1000/SCAP is a fully self-con-
tained 30 watt repeater with built-in autopatch and land line con-
trol. You simply plug in the phone line, hook up the duplexer, and
you're on the air! The usual months of problems are eliminated!
The SCR1000/SCAP has been meticulously engineered to provide
the smoothest performing patch together with a positive land line
control of the repeater. Just look at all these features:

* 4 sec. time limit on access
* Built-in adjustable time-out func-
tion — patch shuts down in 30-90
* Normal patch, or secure “reverse” sec. if no carrier is received
patch s User can mute phone line audio
* 3 digit anti-falsing access — single simply by keying his mic button —
digit disconnect prevents embarrassing language
+ 3 digit on-off control of repeater from being repeated
transmitter = Patch access and repeater control
* Wide range audio AGC on input — either over the air or over the
and output land line

Features:

The SCR1000/SCAP is a complete Autopatch Repeater — fully assembled, set-up and
checked-out in our lab. As with all Spec Comm products, all workmanship and components
are of the very highest quality. The price? A very reasonable $1585.00 — complete! ($2080.00
w/WP641 Duplexer.) (For Rptr., w/o FL-6 Rcvr. Preselector, deduct $85.00.) Get your order in
ASAP

« The SCR 1000 — the finest repeater available on the amateur market . . . often
compared to “‘commercial” units selling for 3-4 times the price! This is a 30Wt.
unit, with a very sensitive & selective receiver. Included is a built-in AC Supply,
CW IDer, full metering and lighted status indicators/control push buttons,
crystals, local mic, etc. Also, jacks for emergency power, remote control,
autopatch, etc.

» Custom options available: Duplexers, Cable, ‘PL', HI/LO Power, Touch Tone
Control, Racks, etc. Inquire.

* The Spec Comm Repeater System . .. a sound investment . . . available only by
direct factory order. SCR1000 w/FL-6 Rcvr. Preselector $1035.00. ($950.00 w/o
FL-6.) Commercial price somewhat higher.

« A Full Line of Repeater Boards & Assemblies Are Also Available:
Inquire.

Call or write today and get the details! Send for Data Sheets!

N

SPECTRUM COMMUNICATIONS

\ 1055 W. Germantown Pk., Norristown PA 19401 (215) 631-1710

J
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numerical system uses a combina-
tion of letter and number designa-
tions. The letters tie in with the origin
or common term for the antenna
(such as NMO for new Motorola-
mount, MM for magnetic mount,
etc.). The numerals always relate to
the frequency.

The Select-a-Charts give on a sin-
gle page all the various mounting
options available for any specific an-
tenna style. In just two simple steps
the user can zero in on the mobile
antenna he requires for a particular
application.

Copies of the Larsen catalog are
available by writing to Larsen Elec-
tronics, P.O. Box 1686, Vancouver,
Washington 98663.

quick-disconnect
mobile mount bracket

/5 3
P ol

o -

Scientific Dimensions, manufac-
turer of the STOP-A-THIEF “‘Quick
Disconnect’’ radio slide mount sys-
tem, has just introduced a new unit
to the line: the SDI-700. This slide
mount provides easy removal of two-
way radios for antitheft and/or con-
venience in transferring and inter-
changing radios from one vehicle to
another. The new SDI-700, with its
AMP Coaxicon contact will handle
up to 500 MHz so it can be used for
amateur and small business radios at
the economical price of $19.95 each.
It is the same high quality mechanical
design as the popular model SDI-
1000 with its gold-plated AMP Coaxi-
con contact, which will handle up to
1000 MHz.

All models in the ““Quick Discon-

More Details? CHECK — OFF Page 150



nect’” mobile radio slide mount line
feature the modified AMP Dualatch
connector system which houses the
AMP Mimature Coaxicon coaxial
cable contact. This assures maximum
performance and absolute contact
for thousands of connections. The
radio is easily removed by the opera-
tor when leaving his vehicle, to pre-
vent theft of the radio and damage
to the vehicle.

The SDI-700 unit, like the SDI-
1000, is precision made of 16-gauge
steel with durable chrome finish. It
has a three-way spring lock to guar-
antee positive connector contact
every time and to eliminate rattles
while the vehicle is in motion, yet the
lock is designed to enable easy and
quick removal of the radio from its
mount in the vehicle with just a slight
finger pressure on the release lever.
All wire leads in the slide mount unit
are securely clamped into place to
prevent breakage. The no. 18 AWG
stranded power and accessory leads
have 10 ampere capacity, and the
coaxial cable is RG-58C/U with UHF
caonnectors attached.

To provide for easy transfer of the
radio to another vehicle, Scientific
Dimensions offers extra individual
stationary mounts for each unit. The
company has also designed and pro-
duced the universal TILT-N-TURN,
model SDI-500 mounting bracket
for all its slide mount units to provide
easy visibility and operation of the
radio. The SDI-500 unit is easily
mounted on a vehicle's hump,+floor,
roof, or dash and similar locations on
boats and farm equipment. It pro-
vides 50 degree tilting and turning
flexibility, making head-on viewing
possible from the driver's seat, thus
reducing distraction of attention from
operating the vehicle.

For more information on the com-
plete line of Scientific Dimensions’
products, use check-off on page
150, or write to them at 309 McKnight
NE, Albuquerque, New Mexico
87102.

More Details? CHECK — OFF Page 150

VLF Converter

All Palomar Engineers products are
made in U.5.A, Since 1965, manulacturers
ol Amateur Radio equipmeni only.

New device opens up the world of Very Low Frequency
radio.

Gives reception of the 1750 meter band at 160-190 KHz
where transmitters of one watt power can be operated
without FCC license.

Also covers the navigation radiobeacon band, standard
frequency broadcasts, ship-to-shore communications,
and the European low frequency broadcast band.

The converter moves all these signals to the 80 meter amateur band where
they can be tuned in on an ordinary shortwave receiver.

The converter is simple to use and has no tuning adjustments. Tuning of
VLF singles is done entirely by the receiver which picks up 10 KHz signals
at 3510 KHz, 100 KHz signals at 3600 KHz, 500 KHz signals at 4000 KHz.

The VLF converter has crystal control for accurate frequency conversion, a
low noise rf amplifier for high sensitivity, and a multipole filter to cut
broadcast and 80 meter interference.

All this performance is packed into a small 3" x 1%'" x 6" die cast
aluminim case with UHF (S0-239) connectors.

The unique Palomar Engineers circuit eliminates the complex bandswitch-
ing and tuning adjustments usually found in VLF converters. Free
descriptive brochure sent on request.

Order direct. VLF Converter $55.00 postpaid in U.S. and Canada.
California residents add sales tax.

Explore the interesting world of VLF. Order your converter today! Send
check or money order to:

Palomar Engineers

Box 455, Escondido, CA. 92025 = Phone: [714] 747-3343
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FOX-TANGO CORP.

Box 15944, W. Palm Beach, FL: 33406

250H=z

8 POLE
from XTAL FILTER

FOX-TANGO

CURPORATION

YAESU and KENWOOD
FT-101, FR-101, FT-301
TS-520, R-599, TS-820

CW Ops!’

WIN THE BATTLE AGAINST QRM!

Since all CW Filters are optional, why
not get the best? This new sharp filter is
ideal for DX and Contest work; yet not o —
too narrow for regular operation. Supe- "
rior to audio filters, yet works well with d
them to improve Receiver performance
even more, if desired.

Mounts easily on circuit boards pre-
drilled for the purpose by manufacturer
of your rig. See your Manual for installa-
tion instructions. A built-in component;
not a hang-on. No alignment required. -
Satisfaction Guaranteed! Tested and
Recommended by International Fox
Tango Club.

Special for FT-101 Series Only: Miniature St 100
diode-switching board permitting use of 1 | we
BOTH the standard 600 Hz and the new max
250 Hz filters, switch-selectable. With L
complete instructions. DSB-1 $10

Immediate delivery from stock.

s 50 AIRMAIL Postpaid
USA and Canada [%
Overseas add $2

Far any rig listed

=
=

Zero
=
N

Decibels below Reference

!
COMPARE!

1

FT
Box 15944, W. Palm Beach, FL 33406

YES! Please rush me the following:

250 Hz Filter for

I FT-101 1 FR-101 1 FT-301

[ R-599 [175-520 [ T5-820 @ $50 ea

Mini-board for FT-101 [1DSB-1 @ $10

lenclose$ ___ [ Check [ MoneyOrder [ Cash
(Make checks payable to FTC)

| prefer to charge my [] Master Charge [ VISA

Account No.

Expiration date: MC 4 digit no.

Name:

Address:

City _ State_ Zip

Signature —

Florida residents add 4% Sales Tax.
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*THESE OFFERS STRICTLY "CASH"
NO TRADES OR BANK CARDS

Superior Quality and
Construction at a price
you can afford.

Save to the tune of

10 PER CENT AND MORE!

SUPER ""PACKAGE’’ DEALS on all
new ROHN, TRI-EX and TRISTAO
) TOWERS are our SPECIALTY!

' Whether you need “‘JUST THE TOWER'’ or the WHOLE BALL OF WAX

L §\ — beam, rotor, wire, etc. we can put together the RIGHT PACKAGE

i "ihl' You!

+ & CALL or WRITE TODAY for FULL/FREE INFORMATION and our everyday

“down-to-earth’’ PACKAGE QUOTE!

Ask for ERV(KPOTI) — our tower “EXPERT” — who is always

MORE THAN HAPPY to answer your questions, make recommendations

and offer whatever FIRST-HAND, proctical advice YOU NEED in order-

ing AND ERECTING your antenna system . . .

.. . AND, os olways, THERE IS NO EXTRA CHARGE for this type of
-E-R-V-1-C-E" ot

™, AMATEUR CENTER

More Details? CHECK — OFF Page 150



A CHORUS OF
VALUE FROM. ..

feufurinq r! —g \ | Iv '(.I.] .]

pacedeffer in ‘/4:-/@1::{5'0 — AMATEUR CENTER |

We provide FULL SALES
AND "S-E-R-V-1-C-E" back- ‘America’s ’s Most Reliable Amnieur Radio Dealer"
up on the COMPLETE LINE R nii i Ui U, @~ 00 S

of QUALITY KENWOOD

PRODUCTS!

“"When it comes !o
# FAST DELIVERY, HONEST %
DEALING | PROMPT/DEPENDABLE
S-E-R-V-I-C-E, '

we don't just advertise it —gf '
WE GIVE IT! F

NOW IN STOCK!
ORDER

YOURS
TODAY

 MAIL AND

TS-520S TELEPHONE
CALL or WRITE TODAY FOR FREE SPEC SHEETS G ——T A
and PRICE QUOTE! “GOOD 'n CLEAN" USED [  Thay're our
EQUIPMENT ALWAYS ““WELCOMED" on TRADE!! ﬁ business! |

EZHAM-III ROTORS /ﬁ

New/Improved Heavy Duty Rotor N w A S ' ;
with Control (LESS CABLE) Sl r ¢ If"

NOW ONLY ”“ﬁq - "”1 S,
-1 $129.95 cushcraﬂ B's OUR Palicy.

* TERMS: “CASH""
means CHECK, MONEY

: 1
Ny ; -
| s~
“D . : "’/‘ 4 ORDER or C.0.D.
_B A o " REGULAR  SPECIAL “CASH'* PRICES®

‘R\ ° MAKE/MODEL SPECIFICATIONS PRICE BEAM ONLY BEAM & ROTOR
M Nt 10 /o CUSHCRAFTATB-34 4-Eloment 2-kW  $259.95  $233.95 $335.25
E SA HY-GAIN TH3-JR. 3-Element/300W $144.50 $129.95 $242.50
HY-GAIN TH3-MK3  3-Element/ 1KW $199.95 $179.95 $289.95
SWING INTO SPRING with a  HY-GAIN TH6-DXX 6-:hmmmw :249.95 $224.95 $329.95
-15.90- 1 MOSLEYTA-33-JR 3-Element/ 1KW 151.85 $136.50 $247.50
,rgw&%lgswﬂﬂﬂf&# on MOSLEY TA-33 3-Element/2KW  $206.50  $185.00 $294.50
these popular TRI-BAND BEAMS! AND . . . MOSLEY TA-35 b-Hlement/2KW  $335.25  $299.95 $399.95
TRI-BANDERS . . . you can BUY A NEW CDE MOSLEY CL-36 6-Element/ 2KW $310.65 $279.50 $384.50
HAM-Il ROTOR for LESS THAN ONE WILSONSYSTEM|  4-EHement/2KW  $274.95  $247.50 $353.50
WILSON SYSTEM I 3-Element/ 2KW $219.95 $197.95 $307.00

HUNDRED DOLLARS! LIMITED — ORDER
NOW & SAVE! CALL or WRITE TODAY . . . FREIGHT: ALL SHIPPING CHARGES '‘COLLECT’ — F.0.B. WATERTOWN!

PHONE NO. (605)-886-7314 P.O.BOX73 WATERTOWN, SOUTH DAKOTA 57201




our little hoves
replace a lot of cable !

« select any of five antennas at the
turn of o knob, with just one
feedline and a control cable 1o
the remote switching unit «

. saves coax, simplifies station layoul
«handles 4 kw pe p.«
«other models to nine positions «

+ full one-year warranty «
model sw-5 heavy duty —
REMOTE CONTROLLED ANTENNA SWITCH — $135% plus $3 shipping (@ e
« order direct or write for brochure -
—

—Z ANTENNA MART 515-292-7114

box 1010, i.s.u. station, ames, iowa 500]_0/

You can’t buy a
better 2-Meter
Antenna

Make the best of fine equipment
Take full advantage of the potential of fine radios with Antler. The

~gtle, Y famous Antler %-wave “*Posi-Grip™* magnetic mount . . . or the
u"}w(iq easy-to-install roof or trunk mount that snaps into a %" hole.
_— There's also a new snap-in “'shorty’”” Ya-wave. Ideal for repeater

use and in-town driving with overhead obstruction problems. You
can rely on precision engineering and craftsmanship with "“made
in U.S.A." quality. Antler . . . you can’t buy a better antenna.

antler
antennas

“Sa-wave antennas

at Leading
Dealers or
write factory
tor technical
data and
prices

MCM Mig. Co. / 6200 So. Freeway / Fort Worth, Texas 76134 / Out-of-State Orders 800/433-2524 Toll Free
Foreign Distnbutors:

EMBEE ELECTRONIC AGENCIES, LTD Downsview, Ontano M3J264 WILLIAMSON PRODUCT 7000 Stuttgan 50, West Germany
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The New 1978
32nd Edition
WORLD RADIO TV
HANDBOOK
Is Ready!

Listen to the world with this
comprehensive directory of
stations at your side. Best
there is! Only $11.95 ppd.

GILFER

“NORTH
AMERICA’S
SHORTWAVE
MAIL ORDER
PLACE”

One-Stop
Armchair Shopping
For All SWL Needs

* Heceivers — Drake, Yaesu — special
mods for better performance « Frequency
Readouts = Receiving Antennas + Antenna

Tuners ‘FrequencE Callbrators = Log Books
*FM or TV Guides SL Albums  «AM Pattern
Maps  +ITU Publications  +QSL Address Books
«Confidential Frequency List  =Clocks = All SWL Books

FREE SWL MINI-CATALOG
GILFER SHORTWAVE

Dept. HR-5, Box 239, Park Ridge, NJ 07656

0ak Hill Academy

. .
Amateur Radio Session
19th Year — July 29 thru August 11, 1978
We have moved our location just 15 miles
from our previous site to the Oak Hill Acad-
emy, Mouth of Wilson, Virginiu,
Our accommaodations are now the fnest one
could hope for, suites in o beautiful Do
with hath for each four students. Lovely spa-
cious lobby and fine recreation room in the
lower level of the
Oak Hill Acad = Appalachian Moun-
tains of Virg flers an intensive two week
Radio Session in code and theory starting at
your level,
Expert instructors, some of whom have been
on the staff for the past I8 years are the
same. Only the location has been changed,
Close association with fellow amateurs offers
an opportunity for Saturation Leaming that
has been very successful since its conception,
Novices upgrade to General, Techs to General
& Advanced, and Advanced become Extras.
Golf privileges, canoeing on the New River &
many other recreation activities are offered,
Make vour vacation a ""Vacation with a Pur-
pose” and upgrade your license at a heautiful
school in the cool mountains of Virginin
Formerly Glade Valley School Radio Session

C. L. PETERS, K4DNJ, Director

Oak Hill Academy Amateur Radio Session
Mouth of Wilsan, Virginia 24363
Name___ — Call
Address

City/State/Zip. =

More Details? CHECK — OFF Page 150



& ACCURACY COUNT

HOLDER TYPES

F-609
F605-SL

=

! o‘n HC-320 o] b 0 b
] el HC-6/U
HC-17/U T 318 max

=030 International
Crystal Manufacturing Co., Inc.
316 guaraniees
s every crystal against defective
materials and workmanship for _ !
an unlimited time, when used In HC-18/U
— 486 equipment for which they were

specifically made. E-13

CRYSTAL TYPES

FM-2 (GP) for “General Purpose” applications
[ (CS) for "Commercial” equipment
(HA) for “High Accuracy close temperature

m, R tolerance requirements

LLES International Crystals are available from 70
- T 316
ARG

1.516

KHz to 160 MHz in a wide variety of holders
i WRITE FOR INFORMATION

WBRTETAL

I JE
| ?150 | 4 J *

=i{=--040 dia - 486 .-1

HC-25/U

HC-13/U

INTERNATIONALCRYSTAL MFG.CO.,INC.
10 North Lee, Oklahoma City, Oklahoma 73102
405/236-3741




—
in solid state '®

HE FM LEADER
_ THEFM L 5

C
2 METER o538 220 MH, Sctui
6METER QL1 440 MH;

the first name

FEATURING THE...
(

f HR-2B

The Master in 2 Meter FM \

Positive performance at a
practical price makes our
HR-2B tops on 2 meters.
Individual trimmer capacitors
give bull's-eye accuracy for
working repeaters or point-to-
point. The .354V sensitivity and
Hi/Lo power switch insure your
hearing and being heard . . . clearly

12 Channels
15 Watts
$22900 Amateur Net

THIS IS IT

MODEL 4431 THRULINE®

RF DIRECTIONAL WATTMETER
with VARIABLE RF
SIGNAL SAMPLER — BUILT IN

=
AUTHORIZED m DISTRIBUTOR

®

associates

115 BELLARMINE
ROCHESTER, MI 48063
CALL TOLL FREE
800 — 521-2333
IN MICHIGAN 313 — 3750420

and reliably . . . the Regency way. j

...AND THE

UHF—The Ultimate in FM

440 is fresh . . . it's new . ..
and with our HR 440 you can
use UHF without using-up your
budget. So, pioneer some new
ground! Put a compact HR 440
under your dash or at your desk.

12 Channels It's the best way to usher yourself
10 Watts into UHF.
\3349 00 Amateur Net /

-t

p— E eﬁ%q.‘_ ELECTRONICS, INC. 7707 Records Street

Indianapolis, Indiana 46226
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Practical experience with
Superior Quality Materials
and Construction that’s...

Tristao isn’t just a trade name...
it's a man called Lou, and he's
been designing towers for hams
all his life...the pioneer. That's
why Tristao towers above all.
And because he knows hams, he
engineers quality at prices you
can afford. From Mini-Masts to
the giants, it's TOWER POWER
all the way with Tristao.

WRITE RIGHT NOW FOR

FULL SPECS and dealer nearest
you. PROMPT DELIVERY.

{HISTAU TOWER

Division of Palmer Industries, Inc

415 E. 5th St. - P.O. Box 115

Hanford, CA 93230 / Ph. (209)582-9016

More Details? CHECK — OFF Page 150



ZM.25FM
Folded Mono-Pole
Y% Wave Ground Plane

Unity Gain
Heavy duty vertically
polarized, omni-directional,

folded mono-pole ground 2M.84GP

plane antenna, designed for 64 Wave Length

general purpose amateur Ground Plane
application, for getting into
the repeater without a heavy
expenditure or difficult
installation.

Optimum performance
at low cost, 3.8 db
gain over & Y wave.
Vertically polarized
low angle radiation
perfect for getting into
that far away
repealer. Mounts on
any pipe up to 1%".

2M.25GP
Y« Wave Length
Unity Gain
Heavy duty ground plane
antenna. Vertically
polarized omni-directional
designed for general
purpose application. This
antenna mounts on a mast
up to 1%” pipe and is
terminated with a $0-238
equivalent connector.

-

A

¥ . —
/ =a ~—
2M-84MM s 2M-84TL 2M-1/4MM 2M-84GC
3.8 db Gain 2M-84RTI 3.8 db Gain Unity Gain 3.8db Gain
Magnet Mount 2M-B4RT 3.8 db Gain Trunk Lip Magnetic mount Gutter Clip
.64 wave-length antenna 3/8db Gain Rool or Deck Mount Mounts front or side Y wave Excellent temporary
mounted 80# ceramic Roof or Deck %" hole installation trunk lip. No holes, Complete and installation complete
magnet-fully assembled - Mount. Mounts where underside is No mar trim washer ready to wear. with no mar pad.
Tested to 120MPH. %" hole complete  accessible. All Complete with Quick on or off.
- snap-in mount. mounting hardware, wrenches.
The complete line of 2 Meter antennas needs. All are constructed of aluminum
for the discriminating ham. Absolutely throughout with no dissimilar metals.
the finest quality on the market today. Will provide years of trouble free service.
All Taylor Mobile Antennas Really Get Get your Taylor 2 Meter Antenna today
Out with all chrome plated brass parts and Really Get Out.
and stainless shock springs and 17-7ph For additional information see your
cond. 900 tip rods. Also each antenna nearest dealer or write us.

comes with 17' foam coax with crimp
connectors. There is a mount for every

UL ROES. TAYLOR RADIO COMPANY, INC.
Taylor's newest ground plane fixed 3305 Commerce Drive-North Leg Industrial Park
station antennas are the hottest yel. Augusta, Georgia 30909 - Phone 404-736-3336

Three great designs to fit your exacting Gain figures, where nol otherwise fied, are ref d

to & quarter-wave groundplane antenna.

More Details? CHECK — OFF Page 150 may 1978 103



Now you can touch-tune the world
coming and going . . . without ever
touching the transceiver.

With the Astro 200A touch-tune mike,
first in the world of SSB HF radio.

The new Astro 200A has all of the outstanding
features of the field proven Astro 200 such as
electronic tuning, all solid state circuitry, digital
frequency synthesizer, 200 Watts PEP input, full
RF filtering, digital readout, squelch, variable
speech processing, full metering, WWV
receiver, VOX, LSB-USB-CW, and much more.
Backed by years of experience in designing and
manufacturing military and commercial
communications equipment, CIR's Astro 200A ! : sl
opens a new world of communications with ® Automatic Noise Limiter

lowest frequency drift and no VFO to calibrate. ~ ® High VSWR Protection Circuit

Only 2.8" high x 9.5" wide x 12.3" deep. Idealfor  ® Internally Lighted Meter

mobile or fixed station. Net Price $1095.00. ¢ Improved Noise Blanker
rc?(?eesg;r%gib Power supply $135.00; Write or phone for complete details: CIR
Speaker in cabinet $29.95; Power supply and IEnldE::ggsblg;ffo:gngsgr;szoagnng ?; ;e:‘ue.
speaker combined $165.00; Station operating 449.7633 Telex 69-7989

console with phone patch, 24 hr. digital clock,

speaker, 10 min. timer $295.00; Desk
TRANSCEIVERS

New Standard Features: W
* Touch-Tune Microphone

microphone $38.00; Mobile mount $12.00; 400
Hz narrow band CW filter $50.00. Update your
ASTRO 200 with a Touch-Tune Microphone Kit,
$£50.00.

ASTRO 200A = someday all radios will be tuned this way




SEE THE CIR
“ASTRO 200A™

at the followi

U.S5.A.

Arirona
QSA 599 Amateur Radio
CTR.

Mesa
Ph 602-834-6995

California
Desert Sound & Electronics

Hesperia
Ph 714-244-2555

Ham Radio Outlet,
Burlingame
Ph 415-342-5757

Ham Radio Outlet,
Anaheim

Ph 714-761-3033
Ham Radio Outlet,
Van Nuys

Ph 213-988-2212
RAT Enterprises,

Los Angeles
Ph 213-751-4191

Quement Electronics,

San Jose

Ph 408-998-5900
Western Radio,

San Diego

Ph 714-239-0361
Florida

Amateur Electronic Supply,
Orlando

Ph 305-894-3238
Idaho

Custom Electronics,

Boise

Ph 208-343-0682
Ross Distributing Co.,
Preston

Ph 801-852-0830

Iinois

Aureus Electronics, Inc
Naperville

Ph 312-420-8629
Erickson Communications,
Chicago

Ph 312-631-5181
Kansas

Revcom Electronics,
Garden City

Ph 316-276-3470

Massachusetts
Tufts Radio,

Medford
Ph 617-395-8280

Nebraska
Communications Center,

Lincoln

Ph 800-228-4097

Scott Electronics Supply,
North Platte

Ph 308-532-9260

Scott Electromics Supply,
Lincoln

Ph 308-464-8308
Nielsen Communications,

Inman
Ph 402-394-5405

or write direct to CIR
for free brochure

g Dealers

New York

CFP Communications, Inc
Horseheads

Ph 607-739-0187

Harrison Radio,
Farmingdale

Ph B00-645-9187
Ohio

Amateur Electronic Supply,
Cleveland

Ph 216-486-7330
Oregon

Coleman's Lafayette
Electronics,
Medford

Ph 503-779-777¢6

Eugene Amateur Radio,

Eugene
Ph 503-688-1412
Portland Radio Supply,

Portland

Ph 503-228-8647
Portland Radio Supply
Medford

Ph 503-773-5815
Pennsylvania
Hamtronics,

Trevose

Ph 215-357-1400
South Dakota

Burghardt Amateur Center,
Watertown
Ph 605-886-7314

Texas

Mitee Electromes Corp.,
Houston
Ph 713-688-4228

Washington
ABC Communications,

Seattle
Ph 206-364-8300

ABC Communications,

Everett

Ph 206-353-6616

ABC Communications,
Bellevue

Ph 206-455-0224
Wisconsin

Amateur Electronic Supply,

Milwaukee
Ph 414-442-4200

Wyoming

Denco Communications Cen
Cdsgc(

Ph 307-234-9197
CANADA

Glenwood Trading Co., Ltd
278 East First St

North Yancouver B.C
Canada V7L 785

Ph 604-984-0404

WS| Sales Co.

Kitchener, Ontario
Ph 519-579-0536

OTHER COUNTRIES
Magnus,

5715 North Lincoln Ave.,
Chicago, lll. 60659
312-334.1502

L.E.S. Konsult AB

Box 11078

S-161 11 Bromma,
Sweden

More Details? CHECK —OFF Page 150

CES* For HAMS

¥ Communications Electronics Specialities Inc.

Micropad is
Smallest
Available

[
Now with
| Automatic PTT

$49.95

CES Model 230 has Snap Action Tactile
Keys and is only 3-3/4 x 2 inches. A 500
ohm Dynamic Mic with built in Tone Pad
has adjustable balance and level con-
trols and can be used with any trans-
ceiver using a 500 ohm mic.

Model 225 with non-tactile keys $44.95

Autodialer

CES Model 251 stores up to 10 twenty-
two digit phone numbers including ac-
cess and clear codes. Autodialer is pro-
grammed from the keyboard. Internal
battery holds memory when disconnec-
ted from 12v supply. Numbers not in
memory can be dialed from keyboard.
Available in tone or pulse dialing.

Miniature Tone
Encoders

2-3/8 x 1-11/16
x 3/8 inches

Smallest

Model 215

CES Model 215 is the smallest the indus-
try offers — with all the features of the
above Model 210. Order Model 216 with
Snap Action Tactile Keys.

$39.95

Model 216 with Snap Action Keys
$44.95

Battery Powered

Tone Encoder
with Snap Action Keys

The CES Model 300 is powered by a 9v
self-contained battery and includes an
integral, rear mounted speaker with ex-
ternal volume control. This acoustically
coupled tone pad is small enough to be
carried in shirt pocket.

Thin Tone Encoders

< ¥ ¥
i
HYY
2z

CES Model 211 has a Snap Action
Keyboard with standard dual tone fre-
quencies. Other features include a .2%
accuracy and is crystal controlled. MOS
Digital IC provides high immunity to A.F.
and voltage fields regulated for supplies
of 7 to 35v. Easily mounted to Transceiv-
ers.

$39.95

Model 210 same as 211 but with non-
tactile keys.

2-7/8 x 2-1/4
X 7/16 inches
with Snap

Action Keys

Pad Mounted
on Standard
146 A or
Motorola HT

CES Model 220 offers

complete back as-

sembly with Touch

Tone Encoder already

mounted and ready to

plug into the private
channel connector.

With an LED Tone in-

dicator.

Model 220 for

Standard 146A

Model 221 for

Motorola HT $59-95

AMATEUR ELECTRONIC SUPPLY ®
4828 West Fond du Lac Avenue Milwaukee, WI. 53216

Phone: (414) 442-4200
STORE HOURS: Mon, Tues, Wed & Thurs 9-5:30; Fri 9-9; Sat 9-3

BRANCH STORES

28940 Euclid Ave.; Wickliffe, OH 44092
Phone (216) 585-7388

621 Commonwealth Ave.; Orlando, FL 32803
Phone: (305) B94-3238

BANKAMERICARD
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490-T Ant: Tuning Unit
(Also known as CU1658
and CU1669)

WANTED FOR CASH

R1051 or T827

We stand on our long term offer to pay 5% more
than any other bonafide offer.
See last month's ad for other items available.

618-T Transceiver
(Also known as MRC95,
ARC94, ARC102, or VC102)

Highest price paid for these units. Parts purchased.
Phone Ted, W2KUW collect. We will trade for new

THE TED DAMES CO.

308 Hickory Street Arlington, N.J. 07032

amateur gear. GRC106, ARC105 and some aircraft
units also required.

(201) 998-4246

Evenings (201) 998-6475

%

Rohn is the TOWER FORCE when it comes to
building towers — look at the BX Towers
and you'll see why . . .

B HDBX Towers will hold up to 18
sq. ft. antenna capacity.

B Due to design, BX Towers hold
greater antenna loads than
competitive models.

B Can be assembled on the ground and
hinged up or built vertically,
section upon section.

B Shipped nested
B Fabricated in U.S.A.

Check out the ROHN TOWER FORCE, you'll be
glad you did!

6 Unarco-Rohn

Division of Unarco Industries. Inc
6718 Wes! Plank Roaa. PO Box 2000
Peona. Ilinos 61656

XXXXXXXXXXXXXXWXMXWXXX YOO XK KKK

e oy
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« Inexpensive multi
tone encoder

« Compatible with
PL-CG-QC

« Low distortion
sinewave

« Input 8-18 VDC
unregulated

» Rugged, plastic
encased with

leads

= Adjustable frequency
(98-250 Hz), Lower
available

« Excellent stability

Send for more info

Sxdbn B

Price $19.95

JAN CRYSTALS
KEEP YOU
ON THE AIR

= CB ® General

= CB standard Communication

= 2 meter s |ndustry

= Scanners = Marine VHF

= Amateur Bands = Micro processor
crystals

ikl BANKAMERICARD

Send 10* for our latest catalog
Write or phone lor more detans
2400 Crystal Drive

Ft. Myers, Florida 33901
all phones (813) 936-2397

More Details? CHECK — OFF Page 150



TOO STRONG TO
GIVE THE WIND

A BREAR!

Braced against the elements as
only Swan can do it! Even hurri-
cane winds to 100 MPH can’t

lower the boom on your operations.

The Swan TB3HA Tri-Bander:
a really heavy-duty 20-15-10 meter
beam. 3 solid elements, all work-

ing on all bands. With a VSWR of
1.5:1 or better at resonance, plus
a full 2000-watt PEP rating, our
TB3HA is built to work up a
storm!

Strongest fittings available:
this you've got to see. Exclusive
cast-aluminum braces grasp tubes
at every joint, spreading stress
over an 1134" span. Compared to

slipshod U-bolt plates —no contest!

Reinforced by super specs,
TB3HA's one tough competitor:
[0 8dBd average forward gain.
[J 20-22 dB front to back ratio.
[J 16’ turning radius.

O longest element: 28'2

[1 16" boom, optimum spacing,.
[ direct 52 Ohm coaxial feed.

[0 wind load @ 80 mph: 110 Ibs.
[] 44 Ibs. net \\‘cigh[.
O $199

Credit (dl‘d acce

For $199.95 at your Imdl Swan
dealer you can start operating
tri-band from a position of real

Swan

strength —because TB3HA is
Swan-engineered to work under
pressure!

Please rush full information on Swan’s
Heavy Duty Tri-Band Beam Antennas

[ 3-clement TBIHA
[ 4-element TB4HA

Name
Address
City

State Zip
FREE! Personalized call-letter plaque

" "
214" x 4" with stand
no charge

@ ELECTRONICS

+f Cubie Corporation

a subsidiary

-‘\:rpnlt Ruld Oceanside, CA 92054

nmitment L fuct improvement

ations and prices without notice




H(I v ill UK fOI‘ $40500

S a -,
- Il‘:‘ B A Amateur crystals 143.99 - 148.01 only
g ' for this trim price (and it's postpaid).
Florida residents add 4% sales tax.
Send frequencies, make and model
when ordering. Qur price includes
most gear on our free Parts List.
For equipment not listed, we'll
prowde prices on request and
lng spec:al

g it

Radio

Beautiful Buards

OUR BEST SELLER: WE ALSO SPEAK DYNAMIC: . Amateurs
ECONORAM II'™ ECONORAM 1™ 3 Reference
2 e i et Il you want a dynamic memory, might as well get ane 2 lefaﬂ{
§-100 Compatible BK x 8 in a cost-elfective that works right. Econoram Il is inexpensive, completely s "F
package. Bullering on all lines, 0 wail states with the edd. and: ready o ohig £ of Maps
BOBO, low power consumption, configured as two ” 0 wait states with 8080 CPU, con 1 I|II if
separate 4K blocks lor addressing llexibility, handles .|- block Jk| Iy so¢ -...:.-d I ll B"d Atlﬂs
DMA, memary protect with vectar interrupt provision 5 149.00, assembiled and te -.-.|-.-.|\ " "
il you try to write into protected memory, lully WORLD PREFIX MAP — Full color, 40% x 28",
socketed. goldflashed edae lingers, solder masked | ANNOUNCING . .. THE 16K ECONORAM V' shuwy praflagy. preach:countiyil. - DXIZonEE,
and legended board this is the board that doesn’t time zones, cities, cross referenced tables
cut any corners, but cuts the price instead We'll be |rul|-.|-| ship ihese -Tmln s0 we thought you'd like a ;1'25
{See the 177 issue of Kilobaud magozine for .s;-u d :m"‘k lt”‘"'"“” II' ot I'“ it $400. The perlonnmnce ‘.-
uct profile that tells just aboutl everything you'd ever L e . phl, By RADIO AMATEURS GREAT CIRCLE CHART OF
| I v low powe M K
wanl ta know about Econoram |l or send a sell we have up v a 16K board THE WORLD — fram the center of the United
sddiessed, stamped envelope to “Kilobaud Article you Il be happy you walted to States! Full color, 30" x 257, listing Great Cir
cfn our address and we 1l send you a reprnt, But it you cle bearings in degrees for six major U.S. cities;
really w ul.r 1o be convinced 1alk to ---n-vh-l-h.a!l“ ACTIVE TERMINATOR BOARD Boston, Washington, D.C., Miami, Seattle, San
owns one:) Francisco & Los Angeles 1.
Kit Torm: $135.00 The active termimation cir ..I.nl-. i our motherboard kits
4, Linsstalk 1 sC1ambled

RADIO AMATEURS MAP OF NORTH AMERICA!

3 kils: $375.00
Full color, 30" x 25% — includes Central Amer-

Assembled, tested: $155.00

ms that can occun with unterminated

e a Godbout moth d
R nio thinking you ‘ ica and the Caribbean to the equator, showing
adding Simply plug into any 5 100 call areas, zone boundaries, prefixes and time
machine, and gai s ol active circuitry rones, FCC frequency chart, plus usetul informa

*CK-017, $29.50. Kit loim anly

DEALER NOTE

tion on each of the 50 United States and other
Countries #

WORLD ATLAS Only atlas compiled for radio
amateurs. Packed with world-wide information

includes 11 maps, in 4 colors with zone
boundaries and country prefixes on each map.
Also includes a polar projection map of the

SUPER MEMORY FOR A
SUPER MACHINE:
H8 COMPATIBLE

ECONORAM vI™ world plus a map of the Antarctica — a com-
TERMS: § plete set of maps of the world. 20 pages. Size
oo it 8" x 127 |

Users of the 5-100 buss have found out why our
memaories are their best value . . . now HB owners
can find out too. This 12K = 8 kit offers the same FREE FLYER:  1h 4 tew ol 1f we
basic features as ouwr ECOMNORAM series slatic I usiast, We al & a b -

| sepeom;

AK), swilch selecled protect, sochkets lor all 1ICs, full
BiLL GODBOUT ELECTROMNICS

buffering on address and data lines plus the re

quited  hardware and edge conneclor 1o mate

mechanically with the HB. As a bonus, all sockets and

bypass capacitors are pre-soldered Lo the citcuit board

S0 YOu start ||.4hl imon the fun part of building this

high ||.,.|I1r. memany

Kit form: $235.00 BOX 2355, OAKLAND AIRPORT, CA 94614

415) 3620636
; Complete reference library of maps — set of 4
as listed above $3‘?5

See your favorite dealer or order direct.
Mail orders please include $1.25 per order
for shipping and handling.

RADID ﬁMATfUHIIb k
OD0OK i

Dept. £ 925 Sherwood Drive
Lake Blufi, 1. 60044
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BUILT FOR ACTION
FROM THE GROUND

If you've got a calling for far-reach-
ing action, have we got a number
for you!
Swan's 4010V: precision engi-
neered for 40-20-15-10 meters. e
FREGURNCY
With slim-line traps, this 4-band
vertical offers advanced light-
weight construction with heavy
weight performance.
4010V’s fine-tuned to handle
2000 PEP. With a typical VSWR of
1.5:1 at resonance.

Powerfully designed —yet power-

fully simple to set up.

No-hassle installation. The 21’
vertical comes in short, easy to
assemble lengths. Complete with
mounting hardware. You're up
and running in record time.

Expandable too. No trick at all
to stretch your reach into 75
meters, with the optional Swan
75 AK Kit

Just $74.95 for an outstanding
4-band trap vertical, the 4010V

(and $39.95 for the 75-meter add-
on kit), at your Swan dealer.

And by all means, use your Swan
Credit Card.

Please rush full specs lor Swan’s
010V 4-band trap vertical antenna

5 AK 75-meter Knt
Name
Address
Cuy

State Zip

(E! Personalized call-letter plague
200" x 4" with stand.
no charge
] Ples send my

plagque imprinted
v station call

I o i e e o e i e 0 el

SwanN

ELECTRONICS

a subsidiary of Cubic Corporation

305 Airport Road, Oceanside, CA 92054

Fment

hout notice




REPEATER USERS — Stay in Touch — with DSI )

R

UNIVERSAL TOUCH-TONE®

The Data Signal TTP Series of keyboard encoders is used to

generate the standard 12 or 16 DTMF digits. The encoders DTM
provide fully automatic transmitter keying and feature a ,&

delayed Transmit Ready light, an interdigit timer, and a built- ‘?

in audio monitor. Features also include all solid-state, crystal- 1
controlled, digitally-synthesized tones and an optional internal
mount Automatic Number |dentifier (ANI).

TTP-1 (12-digit) :5900
TTP-2 (16-digit) .00
MODEL DTM — Completely self-contained miniature encoder
for hand-held portables. Only 5/16” thick. Three wire con-
nection. Automatic PTT keying optional. With your choice of
keyboards. Price DTM - $39.00, DTM-PTT - $45.00.

*Touch-Tone is a registered trade name of ATAT.

SUB-MINIATURE ENCODERS

® —
B . . e

AuTe . ®
A Complete Autopatch facility that requires only a repealer

MODEL SME — Smallest available Touch Tone Encoder. Thin, and a telephone line. Features include single-digit access/
only .05” thick, keyboard mounts directly to front of hand- disconnect, direct dialing from mobile or hand-held radios,
held portable, while sub-miniature tone module fits inside. adjustable amplifiers for transmitter and telephone audio, apd
This keyboard allows use of battery chargers. Price $29.00, tone-burst. transponder for acknowledgemant' of patch' dis-
with your choice of keyboards. SME (less keyboard) $24.00 connect.

| e Ees
DATA SIGNAL, INC. =/e
2403 COMMERCE LANE Oy Doath

ALBANY, GEORGIA 31707, 912-883-4703 ... .. /

This is eaQasy- BIG EFAR
anyone can solder- &5 S —

WITH o
i BIG EAR — one of the largest antennas

’ J in the world — has a gain of more than

\V / one million! Read the fascinating pop-

ular story of how it was invented and
built in the book of the same name,

[ ] - -'. L .'
K ' I - i i Also read in BIG EAR how the W8JK
' z . antenna, the corner reflector and hel-
ical antennas were invented and used.

ll.LLlII U1k . ‘& & 8o o AND read about the search for extrater-
S o O Ry, S > restrial civilizations with BIG EAR
24 - which has logged more on-the-air hours

in this search than any other radio tel-

Handymen! HObinstS! % J escope in the western world,
DO-IT-YOURSELFERS! | |X0Ar svirm personal snter:

Let Kester Solder aid you in your home repairs or hobbies. For that household E:r;:::; &Lti‘gl:i;;s‘ﬁth:ggﬁe‘i?;é
item that needs repairing — a radio, TV, model train, jewelry, appliances, minor EAR a

electrical repairs, plumbing, etc. — Save money — repair it yourself. Soldering '
with Kester is a simple, inexpensive way to permanently join two metals.

When you Solder go “First Class" — use Kester Solder. BIG/EAR = 128 pages, well Dustrated,

Order your copy today from
For valuable soldering information send self-addressed stamped envelope to The Ham Radio Bookstore, Greenville,

Kester for a FREE Copy of "“Soldering Simplified''. NH 03048 or direct from
CYGNUS-QUASAR BOOKS, Box 85,

Powell OH 43065, $3. 30 postpaid,

KESTER SOLDER
Qﬂ!on 4201 WRIGHTWOOD AVENUE/CHICAGO, ILLINOIS 60639_/
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GETTING OUR

STRONG POINTS

~ OUT IN THE OPEN

rou take off for the wide
open spaces, close in on the top
performer in the field:
Swan's 5-band Mobile 45,
loaded with high-engineering

specs unavailable from any other

antenna source today.

Wait till you see how we've
got band-switching in hand. This
has got to turn you on!

No more coil changing. At the
flick of the positive-stop switch,
skip across all 5 bands [reely
using our High-Q tapped coil.
Nine positions to shift to:

Swan's continuing commitment to product improvement may

[ one each for 10, 15, 20 and

40 meters
[ five settings on 75 meters

And gold smooths the way.
Only Mobile 45's rods slide
through switch contacts that
we've gold-plated, to deliver a
swan-song Lo corrosion.

All for $119.95, with 1000 watts
PEP, and the same extra rugged,
heavy duty construction you
always count on from Swan.

ck out Mobile 45's 1-
sive strong points at your Swan
dealer, where —your Swan Credit
Card’s good anytime.

alfect specilications and prices without notice

Ple rush full details for the !

Mubile 45 with manual band-switching

Name

Address

Lty

State Zip
FREE! Personalized call-letter plague

203" % 4" with stand

] Please send my
plague imprinted
with my station call

ELECTRONICS

a subsidiary of Cubic Corporation

305 Airport Road, Oceanside, CA 92054




NYLON CABLI TS

J CIGARETTE LIGHNTER
cee's veor | 50 ohm COAX| ,nv::' :'{'";_'r g:}u c)_wa PLUG INSI14

PUSH BUTTOM

1 5 4 g&
| = ARG 174 L . (¢ 6ge -
[ SWITCH. ol : 4 2 i RESISTOR 50=239 t:: D NEW HOUSE MARKED 4 INCH 100/%1,00

. PL=259
i 5/%1.00 10/56.00 MIX/MATCH 79¢ 100 for $2.95 TSRO0 S L%

INS () Om é toggle switcﬁﬂg.;,r_:)qr Lk EZ MOLEX F I\'INS [ETEa] SMALET 30 AWG

P-C DR PANNEL wire wrap

tecronic
ASSORTED SIZES MIJE3055 ‘m AR sl LT. GREEN

1000 PIY AT 1 AMP MOUNT MINI
DK, GREEN

\2 - SWITCH SPDT 10 FOOT BUNDLE *0 WATTS 60VCE " 3 !
80 Pals :- p $1.00 10758, 10 AMPS  NPN 200 BACH $1.95 e -“:.H. RED
a7 95¢ 248150 1000 EACH $7.95 ' -0 100 FT. s2.%0

f-" 7/‘?;{ ?unrll RICS PAD V- G KEYBOARDS TYPE WATT 1C VCED
/ = 72’4} | HAS A COMMON ® J THESE KEYBOARDS ARE FACTORY NEW IN THE BOX. Mmii 000 »wn 0 8 80 3128
/— /5 I ve ienlmu e & A FORTY-SEVEN KEYS, MOS ENCODED, DUAL MODE AND EBEDIC. M j | 900 PNP 90 8 60 %1.65

TERMINAL FOF (EXTENDED AINARY CODED DECIMAL CODE.) THE BUTTON KEY
[yffyj 0-9 cANCEL Anpf] ULTRASONIC TOPS ARE GRAY AND WHITE. COMPLETE DOCUMENTION 15 OXER FANC FM
SEND, A GHEAT TRANDUCER GIVEN WITH EACH KEYBOARD., EASY TO MOUNT. (BRACKET BOXER FA J.-‘ :‘..-:.w e
é«/jo ‘rﬁ,n? VALUE FOR WiITH RCA Jack] INCLUDED) l. ITNCH r,n 1‘ D EMNING
/ $4.50 17 KHZ 31,95 THIS FINE GUALITY KUYODARD, WITH ORIGINAL COST 125 1MCHS O
\ 40 KHZ 31.95 BOF 3496.00, 15 NOW OFFERED TD YOU FOR ONLY.... 319,93 EXMAUST OF BLOW
115 VvOLT A
> " u n CRYSTAL USED BUT GUARANTEEC
g @ { '}%‘-46‘1 ¥ 1 OSCILATOR $6.95
" : ’ | il "NEW® MUFFIN FANS
g ”[‘ : "" | e et i SAME SPEC,AS ABOVE
SOLDER TAIL THIS ASSORTMENT OF | s s 6 EXCEPT NEW IN FACTORY
nhrv?:;l :l:; Moa 870 sfPOTS ARE NEW. wE | | s a0 : e BOXES . o on
W4 PAN BelD gRAIOEE JusT wave NoT WD B L J—£Ps3.0s | THumewmeer switew -
an P TIME TO SORT THEM. g T gt * N w1 e
16 PIN 3,18 Q100 PIV Q) "are pc TYPE. o= ] nen SINGLE mOouNT :
24 PIn 3,35 4 Ame. 4 "AA‘SI1ZE CELIL 12 POSITION. ©0-11 v
40 PIN 5.85 |5.75 10/%3,00 500 MILL. AT 5 \ Ay S

BNC-F/BNC~F : BNC-F/UNF - M
uG-91eu s2.00 1 M0 uc-z73u sz2.%0
= - ik

UHF =F FUNF = F " e BNC-M/UHF -F
'\-li-\..'

PL-258 $1.50 2§ uG 255U $3.00

[y - _1'_ 5 ,’
I { S ] -."_\'- 7

WIREWRAP IC
SOCKETS 11% VOLY OUTLET
14 PIN 3.35 BwlTH SWITCH TAKES

Variabhle Power Supply

———
—
UG 157 8 .25 W . s UG-148U 34.25 *12-28Y ADJUSTABLE PONER SUPPLY

AT 28Y 2%0MA THERMALLY PROTECTED.

16 PIN $.30 B A 1x2 TALG6IN.HOLE i
24 PIN .75 T.TONE PAD HOUSING PN FZBNC-M TN F ZUNF =M * 5-12V ADJUSTABLE POWER SUPPLY
40 PIN s.95f *7° ok BLACK ONLY ¥ UG- 3490 33,75 L Puc-a3au s4.25 | AT 12V S00MA ADJUSTABLE POT.
— ALL_FARTS INCLUDED
" TRANSE ORMER *PC BOARD
[M P M!III.IN pJCIHIES SnSSOBIﬁ'I'ES :H.;\. RESIC . 4h *POT & RESISTOR SHEAT S1nNK
MASTER CHA 5A ACCEPTED nsc. SUPPRESEION CAD 0100
PO BOX 9023 *ADD $1.00 RE @ $10.00 * 1 000UF Y VR IGAE -r.i'-"ilﬁm-mr
Riviera BeEacH, FLORIDA 33404  ‘Ush oiors aop 5% FoR siiep *REGULATOR 7805 OR 7012 *HARDWARE
J n *FOREIGN PLEASE ALLOW SUFFIC TENT ey i :
(305)848-8236 b el s
Ps2 13 S8V 25.95

Look what’s new

g C. W. KEYBOARD
fromWhitehouse:

MODULE

DX-ARRAYS 20 ELEMENTS
List OUR PRICE
DX120 144 MHz $42.95 $39.95 J

OSCAR ANTENNAS

Al144-10T 145 MHz 10 EL Twist $34.95
Ad432.20T 430-436 MHz 20 EL. Twist $49.95
A14T-MB Twist Boom & Bracket $15.95

Total List Price $108.85

OUR PRICE $94.95
RINGO RANGER for FM BY WB2DFA. SEE JAN '78 HR, PGS 81-87
ARX 2 135170 MHz YOUR CHOICE Move those 220 and 430 MHz signals e DOUBLE SIDED, PLATED THRU BOARD e
ARX 220 220225 MHz Bat 539-0%% inand out with the quality you deserve. e USES POWERFUL 6504 MICROPROCESSOR
ARX 450 435450 MHz e Tt Sa298 A Cusheraft antenna from G.R. o 256 CHARACTER BUFFER we 64 CHARAC
Make 2 Meters all the funyou had hoped ~ pupierouse & Co. o8 TER RECALLABLE BUFFER FOR CQ's, HERE
for...put more signal into the other quy's  A250.11 220225 MHz 11 El. ..... $27.95 IS . .. ETC. ee 5 70 99 W.P.M. SPEED
receiver with a new Cushcraft 2 meter Rﬁﬁ ggn gjgﬁgg mn‘ }2:2 El'p' o :;g gg RANGE ee XTAL CONTROLLED eee
1 a. . 202 z Ll . .
;rl'l;r;nd T AFM 44D 440.450 MH; F:‘;u: Pgli[: T $54.95 EXPANDABLE MORSE CHARACTER SET ee
g;qgéé }jb.l:ﬁ m”z éé E: Edg. | gﬁggg A432.20T 430436 MHz 20 EL. ... .. $49.95 AUTO g:” SW:)TCH UUT;UTFFFE%R ;UEJ!?F I:]I[;
47 6148 MHz 22l Yagi ... $84. : (KEYBOARD VOX') we BUFFER OVERFLOW
AFM-AD  144-148 MHz Four Pol CUSHCRAFT HF ANTENNAS
(9dB over % fu.wiuélp«(ﬁ:]. .. $59.95 ATB34 Triband 4 El ........... $224.95 WARNING LAMP DRIVERS eee USE WITH
g SHERIRACBE AN MMRinmniheg | | st moom st o ok s
A144-20T 145 MH: 0 El. Twist .. $54. 21 - and . . $107.
A147.20T 146 & nf? MHz 20EL Twist . $54.95  A284 28 MHz 4 El Monoband .. § 7195 BOARD LESS PARTS, PPD USA ees KITS
Prices subject to change without notice. AVAILABLE eee
SEND FOR
G.R. HITEHOUSE & co. CATALOG PYRAMID DATA SYSTEMS
10 Newbury Drive, Amherst, N. H. 03031 with First Class Stamp 6 TERRACE AVE., NEW ECYPT, N) o 608-758-17487
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KLM 40 METER
ROTATABLE DIPOLE

Upgrade your coverage on ’40

@ Add on 40 meters to any 20 meter beam @ Strong! Same as elements used in the KLM
without interaction. 40 meter four element beam.

@ Point it! Realize optimum performance, @ Mounts on any mast or boom to 3" diameter.
minimum noise/signal off ends.
) ® Compact. . . light. Only 46 feet and 15 Ibs.
® Fold-back, high Q linear loading is
extremely low loss. e Affordable . . . modestly priced.

Upgrade your operations with a versatile KLM r Come to KLM for the
horizontal, rotatable dipole. Mount it above, and : : finest, high performance

on the same mast as your existing beam. It may
subsequently be converted easily into two phased
verticals or used as a building block for a two or
three element beam. At nominal heights, the
sharp end nulls of the figure-eight pattern sub-
stantially reduce noise and unwanted signals off
both ends. Compare this to filled-in nulls of an
inverted vee dipole.

Efficient! Performance only slightly less than a
full-length 64 foot antenna at foreshortened
length of 46 feet. The dipole may be tuned for
general coverage or optimized for favorite band
segments. Element is split for direct 50 ohm feed
(a KLM 1:1 balanced-to-unbalanced balun is op-
tionally available; Model KLM-3-60-1:1).

Turning radius: 23 ft. Wind area: 2 sq. ft. Maximum
mast size: 3".

beams! Full gain, broad-
band rotaries with multi
driven elements, 3.5

to 512 megahertz.

3.5MHz is no mistake! Here's
a 4-element KLM 80 meter
beam installed on a 120" tower.

Results? Solid phone QSO's

to Europe from West Coast,
U.S.A. . . .long path. Using

a KLM '80, W2HCW/W2VP
racked up 113,000 plus points
in the CQ W/W, 1977 test on
80 plus numerous LFP, JA QSOs.

At your dealer. Write for complete catalog.

KLM electronics —

17025 Laurel Road, Morgan Hill CA 95037 ‘lq fn'] Q\J ! |

(408) 779-7363 amatnis (mha b e ) obecebiar
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FREQUENCY COUNTERS

BY POPULAR DEMAND —
we are continuing to offer
with any purchase of $99
or more from ad or flyer,
a Fairchild clock module
FCS-8100A (suggested
retail price $20).

FREE

o t

HAL -TRONIX
;4 146 Ei '—i E -3

8

COMPLETE KITS: CONSISTING OF
EVERY ESSENTIAL PART NEEDED
TO MAKE YOUR COUNTER COM-
PLETE. HAL-600A 7-DIGIT
COUNTER WITH FREQUENCY
RANGE OF ZERO TO 600 MHz.
FEATURES TWO INPUTS: ONE
FOR LOW FREQUENCY AND ONE
FOR HIGH FREQUENCY; AUTO-
MATIC ZERD SUPPRESSION. TIME
BASE IS 1.0 SEC OR .1 SEC GATE
WITH OPTIONAL 10 SEC GATE
AVAILABLE. ACCURACY =
001%, UTILIZES 10-MHz CRYS-
TAL 5 PPM

COMPLETEKIT ....... $149.00

HAL-300A 7-DIGIT COUNTER
WITH FREQUENCY RANGE OF
ZERD TO 300 MHz. FEATURES
TWO INPUTS: ONE FOR LOW FRE
QUENCY AND ONE FOR HIGH FRE-
QUENCY; AUTOMATIC ZERQO SUP-
PRESSION. TIME BASE IS 1.0 SEC
OR .1 SEC GATE WITH OPTIONAL
10 SEC GATE AVAILABLE. ACCU-
RACY + 001%, UTILIZES 10-
MHz CRYSTAL 5 PPM

COMPLETEKIT . ...... §$124.00

HAL-50A B-DIGIT COUNTER WITH
FREQUENCY RANGE OF ZERO TO
50 MHz OR BETTER. AUTOMATIC
DECIMAL POINT, ZERO SUPPRES-
SION UPON DEMAND. FEATURES
TWO INPUTS: ONE FOR LOW FRE-
QUENCY INPUT, AND ONE ON
PANEL FOR USE WITH ANY IN-
TERNALLY MOUNTED HALTRONIX
PRE-SCALER FOR WHICH PROVI-
SIONS HAVE ALREADY BEEN
MADE. 1.0 SEC AND .1 SEC TIME
GATES. ACCURACY =+ .001%
UTILIZES 10-MHz CRYSTAL $
PPM

COMPLETEKIT ....... $124.00

HAL-TRONIX
BASIC

COUNTERKITS
STILL AVAILABLE

THE FOLLOWING MATERIAL DOES NOT
COME WITH THE BASIC KIT: THE CABI
NET, TRANSFORMER. SWITCHES.
COAX FITTINGS, FILTER LENS, FUSE
HOLDER, T-03 SOCKET, POWER CORD
AND MOUNTING HARDWARE

HAL-600X ......... $124.00
(Same Specifications as HAL-600A)
HAL-300X .......... $99.00
(Same Specitications as HAL-3004)
HAL-SOX ........... $998.00

(Same Specifications as HAL-50A)
PRE-SCALER
KITS
HAL-0-300PRE ... .... $18.95

(Pre-drilled G10 board and all
companents)

HAL-0-300PIA. ...... $29.95
(Same as above but with preamp)
HAL-0-600PRE . ..... $39.95

(Pre-drilled G10 board and all
companents)

PRE-BUILT
COUNTERS
AVAILABLE

ALLOW 4- T0 6-WEEK DELIVERY ON
PRE-BUILT UNITS

ATTENTION RADIO CLUBS

For club or group projects, request FREE
information aboul our DISCOUNTS on
any of the HAL-TRONIX kits. Discounts
range from 10-25%, depending upon
the quantity needed

We are experienced in supplying kils in
volume quantities 1o schools, labora
tories. clubs. and common-inleres!
groups. Nobody beals HAL-TRONIX
quality and price. Just try us and see for
yoursel

<z IHAL-TRONIX

"

|i\

T
HAL™
HAROLD € NOWLAND
WHBIXH

SHIPPING INFORMATION

PO BOX 1101, SOUTHGATE, MI 48195
PHONE (313) 285-1782

ORDERS OVER $15 00 WILL BE SHIPPED POSTPAID EXCEPT ON
ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON
ORDEAS LESS THAN $1500 PLEASE INCLUDE ADDITIDNAL
$1 .00 FOR HANDLING AND MAILING CHARGES SEND SASE FOR

FREE “LYER
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the famous

HAMKEY"

TM Trade- Mark

The keys that are easy
to put your fingers on!

JUST DIAL

1-800-325-3636

TOLL FREE
Model HK =1

o Dyal-lever sgueeze paddle

th HK-5 or any

Model HK- 2

ame as HK-1 less base lor
noorparalion in own keyor

31995

Model HK 3

Mudt_lHK 3A s1695

59 95

Model HK-4

|r\'| n ol HK-1 and HK

54495

hubbaniast $12.00

Terminals red or black 3 75 each

Model HK-5A

Electronic Keyer

= New Cabinet Colored-Keyed
to Match most modern radio
equipment

e lambic Circunt for squeeze
keying

» Selt-completing dots and
dashes

s Dot memory

= Battery operated wilth
provision for external power

e Spead volume lone and weight
conlrols all mounted on tront
panel & Built-in side-1one momnior

s For use with external paddie such e (Gnid block or direct keying

as HK-1 or HK-4
oscillator with straight-key such as HK-3 s6 95
Same day shipment ... PREPAID

QIMA) e meeoro (N i)
HAM RADIO CENTER

B8340-42 Olive Blvd = PO Box 28271 « 5t Lows MO 63132
9000 Ol EEEE EEEE ¢ EEIEEEE 000

e Can be used as Code prachoe

More Details? CHECK —OFF Page 150



the super-compact

alda103

only 3'%4" high x 9" wide x 122" deep @ less than 8'4 pounds

ALDA 103, the trim little powerhouse with incredible perfor-
mance for the price! ALDA 103 provides a full 250 warts PEP
inpur for 558 operarion, and 250 wars DC input for CW. And
when ir comes ro performance, ALDA 103 is the hottest little
fransceiver going — all solid stare, rotally broadbanded and
super-stable VFO

Ideal first transceiver for brand new novices! You'll want a
full-capability CW/USB/LSB unit with all the power and per-
formance you can use, ALDA 103 givesyou 250 watts DCinpur
for CW, the maximum allowable power for your novice
license. When you upgrade to technician, you've got 2 bands

for QW operation. And with your general license, just plug in
your mic and use the ALDA 103's full 250 watts PEP on SSB!
Perfect second or mobile unit for seasoned hams! If you're
looking for a super-sharp, compact unir to use in your car or
boar, ALDA 103 will live up 1o your expecrations. Absolute
worst case sensitivity 0.5 uV for 10 dB S+N/N — a must for
mobile operation. Receiver audio ourput of 3 warts min-
imum — another must. Also, very low receiver power drain
of only 5.5 warts — rhat's 0.4 amps ar nominal 13.8 VDC
including power for dial and meter lomps!

Distortion

GENERAL SPECIFICATIONS

Semiconductors: 3g 3 transistors; 11 integrated

Power Nominal 13.8 VDC input at 15 amps Spurnio
Reqguirements: negative ground only Radiation

500 1o
Harmoni
30 MHz

olda 103
———

Produ Better than -26 dB
2500 Hzx

etter than —45 dB below

r than —60 dB above including microphone and

Power

Consumption:

Dimensions: 3 g £ 2 " deep
(B2.55 mm 375 mm

Weight: B8-1/4 |bs. (3.66 kg)

PERFORMANCE SPECIFICATIONS

3510 4.0 MHz
- 7010 7.5 MHz
140 10 145 MHz

Frequency Range: B0 meter band

40 meter band

20 mater band —
/. USB. LSB

RF Inpul Power: B — 250 watts PEP nominal

Cw - waltls DC maximum

fadjustable)

Modes:

Transmitler:

50 ohm, unbalanced

Better than -45 dB

Side-Band

Suppr on Better than ~55 dB at 1000 Hz

30 MHz

Frequency Less than 100 Hz drift per hour {from 2
Stability cold start at room tempearatura)
Microphone High impedance 3000 ohm
Receiver:
Better than 0.5 watts audio oulpul lor
0.5 uV input
Signal-to-Noise Better than 10 dB S+N/N for
Ratio 4.5 gV input
image Ratio Better than -60 dB

(typical with respect to 0.5 gV input: B0 meters

130 dB. 40 melers 100 dB; 20 meters — 75 dB)

IF Rejaction Better than -70 dB

(typical with respect to 0.5 gV input: 80 maters —

110 dB; 40 meters — 80 dB, 20 meters 75 dB)

Sensilivity

Better than 10 dBM
25 kHz 6dB. 50 kHz 60 dB

Audip Output
Power More than 3 watts

Audio Distortion Less than 5% at 3 walls

mobile mount. too.

OPTIONS & ACCESSORIES
Noise Blanker —
Model No. PC 701
100 kHz and 25 kHz
Duai Crystal Calibrator —
Model No. PC 801
Portable Power Supply — Model
No. ALDA PS 115: average duty
15 amp unregulated; input —
115/230 VAC, 50/60 Hz; output —
13.8Vnominalat1i5amps .... $79.95
Heavy Duty Power Supply — Model
No. ALDA PS 130: output —
regulated 30 amp at 13.8 VDC, input —
115/230 VAC, 50/60 Hz

alda communications, iNC. 215 Via El Cenro  Oceanside, CA 92054  (714) 433-6123

ALDA 103 is complerely manufactured in the USA




[ TROUBLE FREE TOUCH - TONE ENCODER )

Pat. Pend POSITIVE TOUCH (KEYS DEPRESS) ® MOBILE ® HANDHELD
POSITIVE MOUNT @  NO POTTED PARTS (SERVICEABLE)

PP-1K=566.00,

Denver Cole., CW Electronics
Mediord, MA. Tuhs

Los Angeles, Henry Radio
MNew York City, Harrison

K-series = Self Contasined Delay Relay
LETTERING OF UNITS OPTIONAL

Available at Ham Radio Canter

MIL SPEC. COMPONENTS ® NO RFl ® SELF CONTAINED — 25 3y
XTAL CONTROLLED @  LEVEL ABJUSTMENT FROM FRONT
Supplied with: Instructions, schematic, template, hard-
ware. Operating Voltage: 4.5 - 60V. PP-1A. designed for
Standard Communications Handhelds.
(California residents add 6% sales tax.)

PP-1=§55.00, PP-2=$58.00, PP-1A=$58.00
PP-1M=555.00, PP-2M=558.00. M series-Mobile

PP-2K=569.00,

(BDO) 325-3636
(303) 893-5525
(617) 395-8280
(213) 272-0861
B(K)| 645.-9187

= PipoCommunications ;... cuiiomissooz

213/852:1515

- QUALITY KENWOOD TRANSCEIVERS
. . . from KLAUS RADIO

The TS-B20S is the rig that is the
talk of the Ham Bands. Too many
built-in features to list here. What
a rig and only $1098.00 ppd. in
U.5.A. Many accessories are also
available to increase your oper-
ating pleasure and station ver-
satility.

T5-7008
2M TRANSCEIVER

Guess which transceiver has made
the Kenwcod name near and dear
te Amateur operators, probably
more than any other piece of
equipment? That's right, the TS-
520S. Reliability is the name of
this rig in capital letters. BO thru
10 meters with many, many built-
in features for only $739.00 ppd.
in U.S.A

TR-7400A
2M MOBILE TRANSCEIVER

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 $729.00 ppd. in U.S.A.

TS-520S8
B0-10M 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 BOD 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.

8400 N. Pioneer Parkway, Peoria, |L 61614
Jim Plack WONWE — Phone 309-691-4840

NEW

FROM GLB

A complete line of QUALITY 50
thru 450 MHz TRANSMITTER
AND RECEIVER KITS. Only two
boards for a complete receiver.
4 pole crystal filter is stan-
dard. Use with our CHAN-
NELIZER or your crystals.
Priced from $69.95. Matching
transmitter strips. Easy con-
struction, clean spectrum, TWO
WATTS output, unsurpassed
audio quality and built in TONE
PAD INTERFACE. Priced from
$29.95.

SYNTHESIZER KITS from 50 to
450 MHz. Prices start at $119.95.

Now available in KIT FORM —
GLB Model 200 MINI-SIZER.

Fits any HT. Only 3.5 mA current

drain. Kit price $159.95 Wired

and tested. $239.95

Send for FREE 16 page catalog.
We welcome Mastercharge or VISA

GLB ELECTRONICS

1952 Clinton St., Buffalo, N. Y. 14206

i 8043°; IC only (
8043-3; IC, PCB, Manual (New item) . § 24.95
80434
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CURTIS SYSTEM 4000
Automatic CW-RTTY
CURTIS KEYER

n CHIP now $14.95
Qty pricing available) § 14.95

PCP" TYPE:A =

SEE POPULAR ELECTRONICS
FEB ‘78 ISSUE!

VIRRLLY yow cow mabe WICH QUALITY promied corcast boands darectly from
migaging conntiwntion avtighes! Cam alvn be wand In mibe wpecialiind
e Ly Froai pamel docals, companant plocoment dossls § slbany

(Kils Availabie)

Small Pkg. 6pcs 4x6 $5.49
Med.Pkg. 4pcs 6x9 $6.95
Large Pkg. 3pcs 9x12 $7.95

PUNTED CORCHIT PROBRCTE R
I P PO osa W
WiLEwE, W7 SN

More Details? CHECK — OFF Page 150



IF YOURE WAITING FOR
SOLDERLESS BREADBOARDS TO BE
FASTER, EASIER, MORE
VERSATILE AND LOWER-PRICED..

Incredibly inexpensive. EXPERIMENTOR

Mix and match. Use large and small chips
in the same circuit withoul problems
There are two sizes of EXPERIMENTOR

solderless sockets begin at $5.50°
(5S4 00" forthe 40 tie-point quad bus strip)

Full fan-out. A CSC exclusive. The only
solderless breadboard sockets with
full fan-out capabilities for micro-

A spool of solder costs more sockels with0.3" and 06" centers processors and otherlarger (0.6") DIP's

Microprocessors and other complex
circuits are easy to develop. Each
EXPERIMENTOR quad bus gives you L]
four bus lines. By combining quads,

B-, 12- and 16-line address and data

buses can be created, simplifying

complex data/address circuils ™

EXPERIMENTOR QUAD BUS
» STRIP $4.00* Four 40-point
bus strips. % x 6 x "

B o asEas sEEes saass
& SeaEs smsdn saaae

5 Designated tie-points. Sim-
plify translation from bread-
board to PC-boards or wiring
tables

T~ EXPERIMENTOR 600.

$10.95* 94 five-point termi

Infinitely flexible. Circuits can gon
anydirection,up lo any size. All EXPERI-
MENTOR sockets feature positive inter-
locking connectors that snap together
Honzontally and/or vertically. And un-

® ™ nals plus two 40-point bus
; o yF: o -} 1 "
_c,n‘mm change a circuit whenever you strips. 06" centers, % x6 x
wish 215"
L /4
.

Easy Mounting. Use 4-40 screws from
the front or 6-32 sell-lapping screws
from the rear. Insulated backing lets
you mount on any surface

Accepts all standard components.
EXPERIMENTOR sockets conformtoan 0.1"
gnd and are DIP compalible. Also accepl
IC's, transistors, diodes, LED's, resistors,
EXPERIMENTOR 350. $5.50"46 five- capacilors, transformers, pots, etc
point terminals plus two 20-point bus

"o 14 L
strips. 0.3"centers; % x 3'%2 x 2 Easy hookup. Components push in and pull
out instantly. Use #22-30 solid AWG
EXPERIMENTOR 650. $6.25"46 live- wire for jJumpers
point terminals plus two 20-point bus
stnps. 06" centers, 3 x 3% x 24"
Rugged, dependable construction.
Sockets are constructed from abrasion
resistant matenals and withstand 100°C.
Each one features non-corrosive
nickel-silver contacls

EXPERIMENTOR 300. $9.95* 94 live
point terminals plus two 40-point bus
stnips 0.3"centers: % x 6 x 2"

e coone susns srnns ® é

'WHAT ARE YOU WAITING FOR?

Discover today how solderless breadboarding can save time and money on every circuit you build. Get
acquainted with EXPERIMENTOR™ sockets' and how they simplify circuit design, assembly and testing.
Eliminate the hassles and component damage of soldering. No special hardware or jumper cables
required, either. And the price 1s so low, it's hard to believe.
Order today. Call 203-624-3103 (East Coast) or 415-421-8872 (West Coast): 9a.m.-5 p.m. local time.
Major credit cards accepted. Or see your CSC dealer. Prices slightly higher outside USA.
CONTINENTAL SPECIALTIES CORPORATION

=D

70 Fulton Terrace, Box 1942, New Haven, CT 06509, 203-624-3103 TWX 710-465-1227
WEST COAST 351 California St, San Francisco, CA 94104, 415-421-8872 TWX 910-372-7992
GREAT BRITAIN: CSC UK LTD, Spur Road, North Feltham Trading Estale,

Feltham, Middlesex, England, 01-890-8782 Int'l Telex: 851-881-3669

“Manutacturer's
snoed resale
c Continental
Specialtes Corporation

tU.S Palent No D235.554

More Details? CHECK —OFF Page 150 may 1978 117



The Incredible
“Pennywhistle 103’

$129.95 v ony

The Peaaywhisiis 103 s cagalie of recsning &its b @ irom Hudn pe wideut
eensie A i 15 bl 0 COMMUNICIN Smcsly

Wi angthes modem and fermnsl lee bphons ey | B COMMUCHEAT
Hor B deat 10 SA0MON, 1 15 e ol CHI aciunimwnty et i bul with o -precis
frasdy svasabie party

Uats Tranyminion Mathad

Ireguency SaM Weyng. il dufes (hal -duples

st tatie |

ayimum Daia Rate 300 Rauet

Dt Faemal Aprchupngut Seral (retur to man evel (egeed
Datwoan gach chaacin |

Aeceive Channal Froquancies 000 M7 for sglar 7029 Mo tor mans

Sailch selertable Low (normaf) - 1070 s
1770 mars. High = 025 apace, Z72% mark

Tramamit Chasesl Frequescies

Racerve Semitivity A e accoustcally Coupled

Tranumi Lavai 15 v momens Adivsiatde from - § dbm
o - 70 dom

PWocaive Froquency Tolstanca  Frequency 1etersnce automatically styusts 1o

whow I operadcn betwnen 1800 Hy wna T400 MY

EIA RE-232C o0 20 mA cuerend ipop (reomwer i
eptonotamd and new el

170 VAC wingie phase. 10 Wi

ANl composents meunt on 3 minghe 5 by ¥
printed cwced bosid A componints included

E"'“ a VO, Aude mmv ot and o Dncfoumps I shgn

d
e the 3" Hand
$9.95 each

‘Leaves Iwo hands lree for
work

* Clamps on edge of bench, table
of work bench

* Position board on angle or fat
|position for soldaring or clipping

* Sturdy, aluminum construction
for hobbyist, manulacturer or
school rooms

Dignal Data Interiace
Powet Repguicemesiy
Pyuical

DIGITAL STOPWATCH

o Begnt & Daget LLD Depray
» Trme to 59 mnetes 55 59 sconds
' Crystsl Contiosed i Base
o Theee Sinpmaiches o Doe

Tmes Sangie Event — Sgbt & Tayr
eSamdd 228 0 W 14 oument)
& Lines 3 Pening Cois

L
FI' 2 SOCKET M ven wo ows of 0250, o MICRO F'HUCES§§OE COMPONENTS
dia. posts on pattetns of JOOY gayp" g gy ngut/utput 495 CcoPg2z  CPU 1985
JU MPERS CARISTE 00, hiwiond Capidcies g ggyy [p l'r"r Wru Control 795 B Bt MPU 19.95
Probe access holes in back Cholce! Tiorhy kmerrug ks e
16 or 18° B16  Bi-Directional Bus Driver 485  MCES10APT 128 x 8 Static RAM 595
o5 or- 18, g 8224 Clock Generalor Diiver 595 MCBE20  Perigh Intertace Adapter 795
Part No. No. ol Contacts Price B278  System Controller Bus Orwer 596  MCSS30LE 1024 x 8 Bit ROM 1498
- 3 Ul
gg:l&ﬂ:g;:: gg ‘g' $ 2?::: IZIMQ?I Super MO e i Ml lsue. 1 ;:
924005-18R a0 1 seal] mm v 4 g
924005-06R 40 & 7.30 e ws o
924006-18R 50 187 10.31 ea e o - "
1 iy L Ll o I8
Iﬁ JUMPER S¢'der to PC boards for instant e i b 4
plug-in access via socket-connector v 104 Dy 198 mmu Suts 4
HE“DEHS jumpers, 025" sq. posts. Choice :j;-“ E:_n:jlln. S ;: AL [ 18
of straight or night angle F) Ousl 812 BT 400 :m\w — Toh et St = 1:
2 i 1 W -
Part No. No. H' Pﬂﬂl Angle Price ;:;, ?;;f m' 2 : n.m;,||mu: ™ w:m 18 P me
923863-R straight $1.28 ea 141 ™ [ 104 L i
923873-R ?6 right angle 1.52e rassn L 195 Fe] 0y Famon uw
923865 -R 40 straight 1.94 e WA AT — osn Wak  Opent 500
923875-R 40 right angle  2.30 ea - WA it 2%
923866-R 50 straight 2.36 va s W01 e DL Te—
Q23876-R 50 right angle 282 ea o .;: o8 - tprom i‘&]
’ P " [ ne
= B 0 HAWTSdpn Al 19 9%
me Ll £
5 INTRA-CONNECTOR | oo Sfoeess W L 8 &2, 3
Provides both straight and right angle funclions. Mates bl - e Enincat B Ll
with standard 107 x 10" dual row connectors (1.e. 3m, Ainsley SPECIAL REQUESTED ITEMS mﬂl":“
etc | Permits quick testing of inaccessible lines YoM 7 sho0 11080 "e " 18 Jumsinn 49
Part No.: 82757626 Wo. of comtacte: 26 Pries $8.90 ea | avipscon 70 am 1% “pm-. M8 lnunm moonet | uwsiy  as
A¥-5.9100 g BT T8 ltll;?;; ;: m ‘;: MMEIE A
AY-5 500 " il 15 L< ] ¥ i MULITE 6
:: I NTR“ 'SMTCH Avowon 4% Haus PSRN T8 uCkis i 150 il
- 571 MCMES 1% 2 i [ ?
* Permits instant line-by-line switching for diagnostic or OA :;r: i I:: MOMESTA 1150 ?w.w 175 MCUOSE ! ” wm I:
testing Switches actuated with pencil of probe tip. Mates with I el L0 TN, 1esa Tacan L T
standard 107 x 107 dual-row connectors. Low profile design
i‘:‘: "”:""‘ "“s:“j “: “”‘:'““" ::""’"‘:’""':":‘ED Featured on February’s Front Cover of Popular Electronics
2 15-26 conlagls; riea §1 2
— - — - - Logic Analyzer Kit Modal 1084 el 10
= "‘ o 7 'CRYSTALS T Model 100A e
[RRNE iy -
'— THESE FREDUENCIES DNLY "l' i szzg on/k't
05— Pesay CU!:]MIU e 1 | BaAmsass JadEmm
(w3l 1.000 MH2 u
[E‘:jl 2000 Mz HC3U _:_\!:; . érmly:\"\ any type ol dwgital .f.écm
[Ardi]] XL HCTI ]} e Checis data rales n excess o ¥ Il r
CYlA 4 000 MMz HOAL £4 95 million words per second H
YA 5 000 MHz HCIBA 54 95 « Trouble shoot TTL, CMOS. DTL. RTL § SUERMPIARNE
CY12A 10 000 MMz HCIBL 495 Schoftky and MOS tamiles — Troubleshooting micTopIocessor
CY14A 14 31818 My HC1BU §4 85 address, instruction. and data flow
CY18A 18 000 Mz NCIB 84 35 o Displays 16 logic states up 10 8 digits wide te of ROMS
Y22k 20 000 M HC1BU 44 08 o See ones and 2eros displayed on your — Examine contents o o
Erfwa 32 000 vu: HETBY 54 55 CAT. octal o hexadecimal frmat Tracing operation ol control logic

CONNECTORS
PRINTED CIRCUIT EDGE-CARD

Tests circudts under actual operating conditions

(Model 100A Manual - $4 95)

Easy to assemble — comas with step-by-slep construction
manual which ncludes B0 pages on logic analyzer operation.

— Checking counter and ghift
register operation

Kit —

Stop Watch Chip Only {m]

$39.95
Assembled — 54995
Heavy Duty Carry Case $5.95

$19.95

~ Mondormg 1/0 seguences
Vernitying proper syslem opesabons
during lesting

156 Spacing-Tin-Doutde Read-Out
Biturcated Contacts — Fits 054 10 070 P C. Cards

PARATRONICS TRIGGER EXPANDER - Model 10

Adds 16 additional bits. Provides digital detay and quaiiication of input clock
and 24-bil Irigger word. — Connects direct 1o Model 1004 for integrated uni)

Model 10 Kit - $229.00)
Sewiet — 72,58

thlligll Portable DMM

= LED Deiplay

» Fuly Automane

V' mounting holes

LOTS OF POTS

Untested % square Spectrol Trimpots
Single-turn Printed Circuit Potentiometers

15/30 PINS (Solder Eyelet) $1.95
18/36 PINS (Solder Eyelet) $2.49
22/44 PINS (Solder Eyelet) $2.95
50/100A 100 Seacing)  PINS (Wire Wrap) §6.95
25 PIN-D SUBMINATURE (RS232)

DB25P PLUG §3.25
DB25S SOCKET §4.95
DB51226-1 COVER FOR 255/25P $1.75

\

10-20-25-50
GB134 3w o 100,210 250,500 o - 240cs §2.95
1K - -
GB135 1ea o :%K%ﬂ‘m 20 52.95
GB136 3m o 1hioy 20teg 3 Ehiag £ 2pcs $2.95

Values subject to substitution within each group.)
A SAVINGS'suy ai 3 a8124, 135 & 136 for enty §7,49)

S’MTGHES

10

e
]
-
Sk |

"
B PUSHBUTIDN  mEi s o
e Mg [T 354 £Ps -
il

ity T4
l il 208

3 2%

=5
100 MHz 8-Digit Counter

« 20 He-100 Mz Range

= Crystal-controded tovabase charger 12V with auho
slagher s mriming

o Fowr power souten, (e
Batarws 110 o 720V with

3%DIGIT DPM KIT

=

» New Bipolar Unit
o Auto Zeroing
e 5" LED

» Auto Polarity
» Low Power
« Single IC Unit

Model KB500 DPM Kit $49.00
Model KBS03 5V Power Kit $17.50

JE7{ID CLOCK

1/16 VECTOR BOARD

Inpection moided wnil
(Compiete with red berel

© Pame L X R L
U1 M Spacey PR i = ——— .g. ¢ ; :
[ ¢ 1 g P " 5w n 15 o4 . - i — .
[ Froe % 4% 207 1M o Experimentor 600 $10 es[
GLASS BAPAE ORTWE LR L5 ] i an - ——
teaed pezwe 12 HE s 48 35,00 Minimum Order — U5, Funds Daly  Spac Sheels - T3¢ — Send I5¢ Stamp for 1978 Catalog
PONYGIASS  WOPMORIECY 430 1100 Em0 612 Golliornia Residests — A0S s fnlas Tar __ Doster Informoiion Arolable wed
oo £ E—— " 19764
STRUNENT ames °\
[cLOCK CASE . AVAILABLE

Advertised Pnces Good Thru M.

\"""$3.49'

ELECTRONICS

1021-A HOWARD AVE., SAN CARLOS. CA. 84070
PHONE ORDERS WELCOME — (415) 592-8097

Model 2800 Accessories:
$99.95 l.Clhp!lrul'l:-ﬂ $9.00 w'. 28
.w. _,-;,.'-““ qul?z& 20.00 s powet Irom co1 BAmRy — A ’
. - Carrying Case LC-28 750 | Cuvtes wosni 100 —cumm | oL KIT ONLY $1 6 95
: CUNTINENTAL SPEC ALTIES PROTO CLIPS HEXADECIMAL
i PROTO BOA| 14 PIN §4.50 ENCODER 19-KEY PAD
31595 "‘H‘[Il -:‘r -L s 1995] 16 PIN 475 1.0
(6 long X 4 wide) PBEI0Y - 58" x4 5 2895] 24PN B S0 §
PBI0Z - 7 x4 5 3995] 40PN 13.75 « Shitt Key
PEIO3 -9 26 50 05 DESIGN MATES « 2 Optional Keys
PB104 - 95" x B 7995 1 w1 . Circun Designer
PB203 - 9 '*:-s'- K24 80.00 $69.95 $10.95 each
PB203A - 9.75 x 6Yr x 2% 120.95 | o . Function Generator
2 §74.95
57 4,05 | 0% -7 s New 63 KEY KEYBOARD 33%%5
m f:: E 'ﬂt tear e vh I\I-f
QT PROTO STRIPS % o T £ .

3

cooaoa

“Yocoonr U (1coom 18 Seni]

lilm‘ Ercoosr Cng incodrs B8 Aaenl

JEBO3 prose  —-

' $9.95 Per Kit

) printed circuit board

ay

T'L SV 1A Supply

.15225' $9.95 Per KJ/
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RATES Non-commercial ads 10¢ per
word; commercial ads 60¢ per word both
payable in advance. No cash discounts or
agency commissions allowed.

HAMFESTS Sponsored by non-profit
organizations receive one free Fiea Market
ad (subject to our editing). Repeat inser-
tions of hamfest ads pay the non-
commercial rate.

COPY No special layout or ar-
rangements available. Material should be
typewritten or clearly printed (not all
capitals) and must include full name and
address. We reserve the right to reject un-
suitable copy. Ham Radio cannot check
each advertiser and thus cannot be held
responsible for claims made. Liability for
correctness of material limited to cor-
rected ad in next available issue

DEADLINE 15th of second preceding
month.

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

MOBILE IGNITION SHIELDING provides more range
with no noise. Available most engines. Many other sup-
pression accessories. Literature, Estes Engineering, 930
Marine Dr., Port Angeles, WA 93862.

BUY-SELL-TRADE. Send $1.00 for catalog. Give name,
address and call letters. Complete stock of major
brands. New and reconditioned equipment. Call for best
deals. We buy Collins, Drake, Swan, etc. SSB & FM.
Associated Radio, 8012 Conser, Overland Park, KS
66204. 913-381-5901.

QUAD BUILDERS — Blizzard/Hurricane proot your an-
tenna, Fiberglass vaulting poles. Incredible strength.
Guaranteed new, 8-for $240.00. S.A S.E. for info. KSWSE,
Box 20-AA, San Antonio, Texas 78201. (512) 699-9260.

PORTA PAK the accessory that makes your mobile reaily
portable. $67.50 and $88.00. Dealer inquires invited. P.O.
Box 67, Somers, Wisc. 63171,

QUAGHYAGI BUILDERS — Insulated fiberglass booms
to 16-feet. Straight, strong, vauiting poles. S.A.S.E. for
info. Guaranteed new $30.00 KSWSE, Box 20-AA, San An-
tonio, Texas 78201. (512) 699-9260.

Foreign Subscription Agents
for Ham Radio Magazine

Ham Radio Ausiria
Karin Usber
Postfach 2454
D-7850 Loserrach
West Germany

Ham Radio Balgium
Sterachouse
Brusselsesteenweg 416
B8:9218 Gent

Belglum

Ham Radio Canada
Box 114, Goderich
Ontario, Canada N7A 3Y5

Ham Radio Europe

Box 444.

S-194 04 Upplands Vasby
Sweden

Ham Radio France
Christiane Michel
F-89117 Parly
France

Ham Radio Germany
Karin Uebar
Pasttach 2454
D-7850 Loerrach
West Germany

Ham Radio Holtand
MFRL Ectronics
Postbus 88
NL-2204 Delft
Holland

Ham Radiq ftaly
STE, ViaManiago 15
1-201 34 Milano

Italy

Ham Radio Switzertand
Karin Ueber

Postfach 2454

D-7850 Loerrach

West Germany

Ham Radio UK

P.0. Box 63, Harrow
Middtesex HA3 6HS,
England

Holland Radio

143 Greanway

Greenside, Johannesburg
Republic of South Africa

More Details? CHECK — OFF Page 150

CQ AND QST 1950-1975 issues for sale. Send SASE if
ordering Ham Radio, 73, or other CQ and QST issues.
One dollar minimum order and all issues cost 25¢ each,
including USA shipping. Send chronological tist and ful)
payment to WELS, 2814 Empire, Burbank, CA 91504.

LOWEST PRICES: Crystal Certificates, Two-Meter Cer-
tificates $2.75 each. Scanner-Monitor Certificates $2.25
each. Minimum order 10 assorted pieces. Bob Anderson
W1LBA, 428 Central Ave., Milton, MA 02186.

WANTED: Schematic and Operating Manual for
Hallicrafters Model SBT-20 Xcvr. Loaned material will be
Returned, and Postage Expense Reimbursed. Raiph Irish
WABGDT, P.O. Box 122, Utica, Mich. 48087. 313-731-6760.

PC BOARDS HR ARTICLES, Synthesized HF Converter
12/77 $16.00. Digital 2M Scanner 2i78 $8.50. Glass,
Plated, Drilled. RTC Electronics, Box 2514, Lincoln,
Nebraska 68502.

WANTED — Jennings vacuum variabies: UCSL500,
UCSL1000, UCSL2000. State price first letter. McMullen,
Box 211, Greenvilie, NH 03048.

SEE OUR AD in this issue, Pyramid Data, page 112.

B&K TEST EQUIPMENT. Free catalog. Free shipping.
Dinasaur discounts. Spacetron-CE, 948 Prospect, Elm-
hurst, IL60126.

MOTOROLA HT220, HT200, and Pageboy service and
moditications performed at reasonable rates. WA4FRV
(B04) 320-4439, evenings.

AUTHORIZED OEALER for DenTron, KLM, Larsen, Bear-
cat, etc., Big Catalog 201-962-4695 Narwid Electronics,
61 Bellot Road, Ringwood, N.J. 07456.

RECONDITIONED TEST EQUIPMENT for sale. Catalog
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806.

TELETYPEWRITER PARTS WANTED: for all machines
manufactured by: Klienschmidt Corp., Teletype Corp.
and Mite. Any quantity, top prices paid send list for my
quote. Phil Rickson, W4LNW, Rt. 6, Box 1103G2,
Brooksville, Fl. 33512,

VERY in-ter-est-ing! Next 4 issues $1. “The Ham Trader”,
2435 Fruitville, Sycamore, IL 60178.

QSL CARDS 500/$10. 400 illustrations, sample. Bowman
Printing, Dept. HR, 743 Harvard, St. Louis, MO 63130.

HOMEBREWERS: Stamp brings component list. CPQ
Surplus, Box 189, Braintree, Mass. 02184.

CHANNEL ELEMENTS NEEDED KXN1024A, Motorola
for Micor Radio. Need several. WAGCOA, 4 Ajax,
Berkeley, CA. 94708. (415) 843-5253.

TELETYPE EQUIPMENT for beginners and experienced
operators. RTTY machines, parts, supplies. Beginner's
special: Model 15 Printer and demodulator $139.00.
Dozen black ribbons $6.50; case 40 ralls 11/16 pert. tape
$17.50 FOB. Atlantic Surplus Sales, 3730 Nautilus Ave,,
Brooklyn, N.Y. 11224, Tel: (212) 372-0349.

FAST PROFESSIONAL HAM REPAIR Service. New York
City area. Amateur extra; FCC Commercial License. Fui-
ly equipped shop. Reasonable. Rich Tashner N2EO.
212-352-1214.

TELETYPE — Model 33 ASR $400.00. Mode} 28 ASR
$275.00. Mode) 28 KSR $150.00. Mode! 32 KSR $200.00.
All Mint condition. No shipping. Will consider Ham Gear
on trade. Maurice Weinschenker K3DPJ, 12690 Rte. 30,
North Huntingdon, PA 15642. Fone 412-863-7006.

PROP PITCH gasket sets for smaller prop pitch series.
Same material as original. $5.00/set. H. Landskov, N7RT,
1050 So. Stanley, #40A, Tempe, AZ 85281.

CLEANING OUT SHACK: Scopes, Xmters, Recvrs,
Generators, Counters, Antennas, Tubes, Racks, Meters,
etc. 15 yr. coliection, price right, SASE for list. WABGFR
3358 West 130th, Cleve, Ohio 44111,

THE “CADILLAC” of QSL's! New! Samples: $1.00
(Refundable) — MAC'S SHACK; Box #1171-D; Gariand,
Texas 75040.

TELETYPEWRITER PARTS, gears, manuals, supplies,
tools, toroids. SASE list. Typetronics, Box 8873, Ft.
Lauderdate, FL. 33310. NATT Buy parts, late machines.

EXCLUSIVELY HAM TELETYPE 24th year, RTTY Journal,
articles, news, DX, VHF, classified ads. Sample 35¢.
$3.50 per year. 1155 Arden Drive, Encinitas, Calif. 92024.

FIGHT TVI with the RSO Low Pass Filter. For brochure
write: Taylor Communications Manufacturing Company,
‘Box 126, Agincourt, Ontario, Canada MIS 3B4.

MANUALS for most ham gear made 1937/1970. Send
only 26¢ coin for list of manuals, postpaid. Hl, inc., Box
H864, Council Blutfs, lowa 51501.

" NEW ITEMS

Sigma Relay — Factory
new 18 ohm coil. 6 Vdc
nominal coil voltage @ 60
mA. S.P.D.T. 3 amp con-
tacts 115 Vac or 28 Vdc |
rating. We find this relay
will pull-in as low as 1.5
volts. A real jewel.

SMOKE DETECTOR

To ™ Protect your family —

" >home — and business.
////i’These U.L. Approved, ALL
T METAL units were remov-
ed from large apartment complex being
torn down. 115 Volt AC input. Ssnsitivily
to smoke is 2% per fl. max. Paint may
be scratched but all units tested before
shipment. Buy naw — Don’t delay
longer. $8.95 ea. ppd.

$1.25 ea.

Transformer: 115V AC Primary, Secon-
dary 17-0-17V @ 7 Amps. We tested
and find good for 10 Amps intermittent
duty. Ideal for 2M rigs! $8.00 ea. ppd.

High-gain 8 watt
audio amp. 20 mV will
drive it to 8 watts out.
Rectifiers and filter !
cap on the board. *

Size approx. 3” x 4” x 3” high. All you
need is 24-0-24 volts ac. Of courss we

supply schematic. $3.25 ppd.
$0239 Coax Fittings. . .. .. ... 50¢ ea.
PL259 Coax Fittings . . ... . ... 50¢ ea.
88 mHy unpotted toroids 5 for $3.50

400 MW Zener diodes. Factory new —
full teads. Al 5% 3.3 voits, 5.1 valts,
9.1 volts, 11 volts.

10¢ ea. or 100 for $8.00

1N814-1N4148 Type diodes — full
leads. 10¢ ea. or 100 for $8.00

Mini-Toggle. DPDT Cutier-
Hammer wire-wrap terminals but
can also be soldered. Gold plated.
A very high quality unit. Hard-
ware supplied.  $1.50 ea. ppd.

© %) Computer Grade Capacitor. 5100
=4 mid @ 50 volts. Size: 2” dia. x
2-1/4" high. $1.90 ea. ppd.

MA1003 Clock Module $18.95

ALL ITEMS PPD USA
SEND STAMP FOR LIST OF BARGAINS
PA RESIDENTS ADD 6% SALES TAX
FONE 412-863-7006

=
| Q wll Flectronics

12690 ROUTE 30
\ NORTH HUNTINGDON. PA. 15642
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The popular
CUA 64-12

by Heights

Light,
permanently
beautiful
ALUMINUM
towers

THE MOST IMPORTANT
FEATURE OF

YOUR ANTENNA

IS PUTTING

IT UP WHERE

IT CAN DO

WHAT YOU EXPECT.
RELIABLE DX —
SIGNALS EARLIEST IN
AND LAST OUT.

ALUMINUM

Complete Telescoping
and Fold-Over
Series available

Self-Supporting

Easy to Assemble
and Erect

All towers mounted
on hinged bases

flea market

CANADIANS 1,000,000 surplus parts. Bargains galore.
Free catalog. Etco-HR,Box 741, Montreal, H3c 2v2.

TECHNICAL MANUALS — send 50¢ stamps for 30 page
list. Jim Cooper, W2JC, Box 73, Paramus, NJ 07652,

ROHN TOWERS — Special Sale — 25G Sections $33.86
each, Freight Collect — 48° Fold Over Tower Complete
Freight Prepaid $471.50 each. 30 Sections 25G Freight
Prepaid $1074.15. National Rohn Distributors — HILL
RADIO, 2503 G.E. Road, Bloomington, IL 61701, Phone
309-663-2141.

ATLAS 210X With Noise Blanker; Deluxe Console; Mike,
VOX; Digital Frequency Display; Mobile Connectors
Staley Keener, Ri. 10, Box 782, Hickory, NC.
7T04-264-5510.

TELETYPES, Models 1535 $75up. SASE for list. Good-
man, 5454 South Shore, cmcago IL 60615,

RTTY — NS-1A PLL demodulator. Board $3.50; Parts
$15.00;, WIT $24 95, all postpaid. SASE for info, Nat Stin-
nette Electronics, Tavares, F1. 32778

FREE Electronics Parts Catalog. OK Electronics, Box
291, Onalaska, W 54650.

EZ does it best. Deals, that is, on Yaesu, ICOM, Drake,
Swan, Cushcraft, Larsen, KLM, DenTron, VHF Engineer-
ing and Wilson. For new or used gear call, see or write
WOEZ, Bob Smith Electronics, 12 So. 21st Si, Fort
Dodge, lowa 50501. (515) 576-3886.

TECH MANUALS lor Govt, surplus gear — $6.50 each:
SP-600JX, UAM-25D, OS-BAJU, TS-1TAUR. Thousands
more avallable. Send 50¢ (coin) for 22-page list. W3IHD,
7218 Roanne Drive, Washington, DC 20021.

QSL FORWARDING SERVICE — 30 cards per dollar,
Write: QSL Express, 30 Lockwood Lane, West Chester,
PA. 18380.

WANTED: Heathkit Oscilloscope OL-1 Schematic.
Robert Dole, Route 1, Almena, Kansas 67622

51J4, Rack Mount, Three Filters, very good $350. Also
new 4D32 — $10, 4-125A — $10, B66A — $2, B72 — 85,
KBAVF, Box 566, LaMesa, CA 92041

SELLING OUT — MINT 2KW SSB STATION. Hallicrafters
SX117/HT-44/PS-150AC will transceive or separate, 3-
4002 (pair) Linear matches above, Turner 254C SSB
microphone, Heath HO-13 monitor scope, SWR bridge,
Heath Cantenna, B&AW electronic T-R switch, grid dipper,
all manuals. First $700 takes all. Send $1.00 for color
photo. Wade Calvert WASEZY, Box 276, Port Byron, IL
81275

TRAVEL-PAK QSL KIT — Send call and 25¢, receive your
call sample kit in return. Samco, Box 203, Wynantskill,
NY 12198,

THE MEASUREMENT SHOP has used/reconditioned
test equipment at sensible prices; catalog. 2 West 22nd
S1., Baltimore, MD 21218.

RADIO MUSEUM NOW OPEN, Free admission, 15,000
pleces of equipment from 1850 telegraph instruments o
amateur and commercial transmitters of the 1920s. Ama-
teur station W2AN. Write for information: Antique Wire-
less Assn., Main St., Holcomb, NY 144689,

AMATEUR MICROPROCESSOR EXPERIMENTERS: 10
MHz = 20 ppm Coldweld crystals. 1 ppmiyr. 32 pF. C, 6
pF. $4.25 ea. posipaid. Savoy Electronics, Inc., P.O. Box
5727, Ft. Lauderdale, FL 33310. 305-563-1333.

WE BUY ELECTRON TUBES, diodes, transistors, inte-
grated circults, semiconductors. ASTRAL ELEC-
TRONICS, 321 Pennsylvania Avenue, Linden, NJ 07036.

GEM-QUAD FIBRE-GLASS

ANTENNA FOR 10, 15, and 20 METERS

Two Elements  $139.00
Extra Elements $99.00

Price is F.O.B. Transcona
INCLUDES U.S. Customs
Duty
y, KIT COMPLETE WITH
*SPIDER
*ARMS
*WIRE
*BALUN KIT
3 *BOOM WHERE
NEEDED
WINNER OF MANITOBA
DESICN INSTITUTE
AWARD OF EXCELLENCE
Buy two elements now — a third and
fourth may be added later with little
effort.
Enjoy up to 8 db forward gain on DX,

with a 25 db back to front ratio and
excellent side discrimination.

Get maximum structural strength with
low weight, using our “Tridetic”

GEM QUAD PRODUCTS

Box 53
Transcona, Manitoba
Canada R2C 225
Tel: (204) 866-3338

LEARN RADIO CODE

THE EASY WAY!

Based on modern
psychological techni-
ques — This course will
take you beyond 13

S5 THAN
HALF THE TIME!

- ® No Books To Read
Album contains e No Visual Gimmicks

three 12" LP'S To Distract You

. i ® Just Listen And Learn
2% hr. instruction
Available in Cassette also for only $10.95.

EPSILON [§] RECORDS

P.O. Box 626, San Jacinto, CA 92383

ﬁ SEMTECH BRIDGES
r{ﬁ H] Heat sink w/center hole

And "Dw'kwiitth motwiczled op!iunfs.l ou 201-486-3300.
can cran up or down, or fo
over, from thepapcrating position in AUTHORIZED DISTRIBUTOR F9FT Antennas, ZOOESPT.\“P _2 ;gs:.mp

the house. Microwave Modules, RIW Products’ new tandem rellec- r 400V P.LV. 2.50 ea. pi
Write for 12 page brochure ghving doz- tor, 19 element, 432 MHz Yagi — Radio Clinic — N2MB 600V P.I.V. $2.85 ea. ppd
ens of combinstions of height, weight (formerly WA2BIT) 212-327-4952. NEW SIZES — VERTICAL MOUNT
and wind load. - 2 PC BOARD POTENTIOMETERS .-
STOP LOOKING for a good deal on amateur radio equip- American made (CRL) Cermet 5‘“2 3

sizes: 25K, 100K ohms. 5/$1.30 p
CTS Blue wheel. Values: 750, K
1.5K, 50K, 300K ohms. 5/%$1. 25 ppd.

ALSO TOWERS FOR WINDMILLS ment — you've found it here — at your amateur radio

headquarters in the heart of the Midwest. We are factory-

authorized dealers for Yaesu, Kenwood, Drake, Collins,
MANUFACTURING CO.

ICOM, Ten-Tec, Allas, Hallicrafters, KLM, Wilson,
Regency, Tempo, Swan, Midiand, Alpha, Standard, Den- &?::f‘g:lrw.;.i"‘:'z:'l .lz: iﬁ::ltl .%':n“"“ Copper

In Almont Heights Industrial Park

Almont, Michigan 48003

Tron, Hy-Gain, Mosley, Cushcralt, and CDE, plus acces- 6¢ foot ppd.
sories. Thousands of thrifty hams from coast to coast - -

already know us and we Invite you to join them by writing 8 PIN “TO5" IC Socket, gold pit. 6/$1.08
sonal and friendly Hoosier service. HOOSIER ELEC- h ke'
TRONICS, P.O. Box 2001, Terre Haute, Indiana 47802 m. wn“ en

or calling us today for our low quote and trying our per-
812:238-1456. eleclronic specialfies-BO0X 353, IAWIN, PA 15642
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IT’S TIME TO THINK ANTENNAS

) ( DIPOLE HEADQUARTERS

““ e f you've been having trouble finding the parts for that dipole
Famous wz‘ u Bﬂ'ﬂﬂ project, you've been looking in the wrong places. Our large

k of ant accessories makes your project a snap.
'nnﬂ 11 s stock of antenna 9! m y proj P

'l 4—‘5 CABLE
8U FOAM, hi density braid. 50",

“uu!l ‘ 1 BU FOAM, hi density brand. 100",

——— RGSBA/U, stranded center. 1007,. ... ..

CURMNT B TR RGS8, 2 It. w/PL259 on each end,

RGSB, 3 ft. w/PL259 on each end, ’
RGS58, 5 {t. w/PL259 on each end, ... ..
AGS58, 12 1t. w/PL259 on each end,
RG58, 50 it. w/PL259 on each end, .
GUY WIRE, steel/plastic, 100 11, .

COPPER WIRE
#14 STRANDED 100 spool, ......... ...
#14 SOLID, enameled 100 spool, 5.95

INSULATORS
AIRPLANE style, porcelain ins., wi, 2 Ib . b 2/% 99
HANDLES FULL 2 KW PEP AND THEN SOME. Broad Banded 3 to 40 Mc DOG BONE style, porcelain ins., wi. .2 Ib, . 3/ 1.25
HELPS TVI PROBLEMS By Reducing Coax Line Radiation NAIL KNOB style, stand off ins.. wt. 3 1b 4/ 120
NOW ALL STAINLESS STEEL HARDWARE. 50239 Double Silver Plated HY GAIN #155 center insulator, wi. 15 1b 5.95
HY GAIN Cycolac end ins. pair, wi. 1 Ib. . 3.95
IMPROVES F/B RATIO By Reducing Coax Line Pick-Up M
REPLACES CENTER INSULATOR. Withstands Antenna Pull of Over 600 Lbs OSLEY dipole center insulator, wi. 1 Ib, 4.25
BUILT-IN LIGHTNING ARRESTER. Helps Profect Balun — Could Also Save CONNECTORS and “DAPTORS
Your Valuable Gear L259, UHF mal nn. . . X
BUILT-IN HANG-UP HOOK. Ideal For Inverted Vees, MulliBand Antennas, 2022%99 lIJJHF |emoa;i.0 chas. mig gl g yand oL “‘:':
Mipoles, Beam and Quads UG17S, Adapts RG5B 1o PL259 " ..21or 589
NOW !EING USED BY ALL BRANCHES OF THE US. ARMED FORCES, FAA, UG176, Adapts RGS8 10 PL259 ; ; .. 2 for .59
RCA, CIA, CANADIAN DEFENSE DEPT. PLUS THOUSANDS OF HAMS THE PL258, UHF double lemale . 1 o
WORLD OVER DM-SP, UHF double male conn o ; 1 60

Comes in 2 models. 1.1 matches 50 or 75 ohm unbalanced (coax line) to 50 ”éi%‘ugﬂa:ggmgmrkﬂl ?3550""

or 15 ohm balanced load. 4:1 model matches 50 or 75 ohm unbalanced i
(coax ling) 1o 200 or 300 ohm balanced load. I:;:; BUNHCFT??f' Euf,?.,:?;; "y

UG255, Adapts UHF female to BNC male

UG273, Adapts BNC female to UHF male

— G- 7
\Ciafi/al Switches J

and Accessories

B&W coaxial switches are designad for use with 52. 10 75-  Models are available for desk, wall, or panel mounting, and
ohm non-reactive loads, and are power rated a1 1000 warts  with or without protective grounding of inactive outputs.
AM, 2000 watts 558 Connectors are UHF type. Insertion  Radial (side-mounted) connector models can be either wall
loss is negligible, and VSWR 13 less than 1.2 1 up 10 150 o panel mounted, axal (backplate-mounted) connector
MHz, models are tor panel mounting only, save panel space.
Crosstalk (measured at 30 MHz) 15 45 dB between adjacent Use the selector chart below to choose the models you
outlets and -60 dB between alternate outlets. nieed

Connector | Mounting Automat.c Dat
Qutputs | Placement | Panel Wall Grounding Plate | Aemarks

Awal . Supplund| PROTAX swaich. Grownsds all except selected
outpul cfcunl

Ratul Suppiid | PROTAX swilch. Grounds all @xcep! sikected
output e cut. Santh swatch powbon grounds
alf outpuly

Fadial

Radial

Hadial Special 2-pabe, I-position wwitch used o
wwiich any RF device in or out of seriey
conrection i a coanial line See figure fow )

Bracket only, for wall mounting of radal
CONNECTon swi tehies

P55

Supplad | Grounds all excepl wiscted oulput circud
oe-2

Girounds all excep! slectad output circuit

Y

IMPORTANT ORDERING INFORMATION.....
Minimum order $10.00, Prices FOB Oak Park so include enough to cover shipping and insurmce.

SPECTRONICS, INC. HOURS

STORE HOURS:
1009 GARFIELD Mon-Thurs 9:30-6:00, Fri. 9:30-8:00

OAK PARK, IL. 60304 Sat. 9:30-3:00, Closed Sun. & Holidays.
312-848-6777 =
TELEX 72:8310 Mi —— mJ

More Details? CHECK — OFF Page 150 may 1978 121




CHICAGO

Area Amateurs
Know

RICKSON

Can Provide
All Their
Amateur Radio ’ \

needs!

WB9JKT, WB9ZRA
and WN9ANF
serving you with. ..
* Ameco * ASP ¢ Atlas
* Belden * Bird = CDE = CIR
* CES * Collins ® Cushcraft
* Dentron * Drake * HAL
* Hy-Gain ® Icom * KLM
e Kenwood * Larsen * MFJ
* Midland ® Mosley * NPC
* Newtronics ® Nye
* Regency ® Shure ¢ Swan
* Standard ® TPL » Tempo
\ Ten-Tec * Wilson * Yaesu

A Touhy / \
¢, 4
294 ‘L% I3
T o
J - d Devon w
; (
o
]
i
94
194
I
ERICKSON
*5935 MILWAUKEE
N

Hours: 9:30-5:30 Mon., Tues., Wed. & Fri.

i @J
ERICKSON =
COMMUNICATIONS

5935 N. Milwaukee Ave.

Chicago, IL 60646
(312) 631-5181 J
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Coming Events

SPRING SWAPFEST OF THE MILWAUKEE UHF
SOCIETY, Sunday, May 14, 1978, starting at 7 AM on the
grounds of the Waukesha Co. Expo Center. Indoor space
available on an advanced reservation basis at $3.00 per
table. Admission to the grounds: $1.50 Advance, $2.00 at
Gate. Prizes! Beer and Brats! Directions: -84 to
Waukesha Co. F, South to FT, west to Expo. Write
Swapfest, P.O. Box 49, North Prairie, Wisconsin 53153,

7TH ANNUAL MARC (MILTON AMATEUR RADIO CLUB)
HAMFEST, 8 AM to 5 PM, June 4, 1978, rain or shine, at
the Allenwood Fireman's Fairground on US Rt 15, 4
miles north of Interstate 80. Advanced registration for
sellars is $2.50, at the gate $3.00, XYLs and children free
Flea market, auction and contests. Cash door prizes,
free portable and mobile FM clinic, and supervised
childrens activities. Indoor area available, food and
beverages al reasonable prices, lalk-in on 37/97, 34/94,
and 52 simplex. Camping and motels nearby. For further
details contact Jerry Williamson WA3SXQ, 10 Old Farm
Ln., Milton, PA 17847, 7T17-742-3027

HAMPDEN COUNTY RADIO ASSOCIATION ANNUAL
FLEA MARKET, Friday, May 5th, at the Feeding Hilis
Congregatienal Church, Feeding Hills, Mass. Doors
open at 7:30 PM. Free table to members ol ARRL affili-
ated clubs. $1.00 for non-members, $2.00 for a business
25¢ admission charge puts you in a ralfle! For informa-
tion: Jelffrey J. Duquetle, K1BE, P.O. Box 346,
Southwick, MA Q1077 413-569-6739

THE CHAMPAIGN LOGAN AMATEUR RADIO CLUB'S
ANNUAL HAMFEST, Sunday, May 14, 1978 at West
Liberty Lions Park, West Liberty, Ohio. Free admission
Trunk and table sales $1.00 Door prizes. Talk-in will be
on 146,52

23RD ANNUAL WEST COAST VHF CONFERENCE, May
12-14, 1978, Stardust Hotel, Las Vegas, Nevada.
Technical program by the San Bernardino Microwave
Society. Hospitality Room, informal technical and
operating sessions, noise-figure measurements contesl,
prize drawing, entertainment! Advance registration
$4.00 ($5.00 at the door) Reservation cards and one-
night's deposit must be received before Friday, April 14,
1978. Details from West Coast VHF Conference, 510
South Rose Streel, Las Vegas, Nevada 89106

CLARK COUNTY AMATEUR RADIO CLUB'S Annual Ft
Vancouver Hamfair, May 13-14th, at the Clark County
Fairgrounds off Interstate 5, just north of Vancouver,
Washington, Registration $3.00 per person. Preregistra
tion by May 5th nets exira drawing tickel. Grand prize:
Kenwood TS B20S transceiver. Dinner: $4.25 for adult,
$2.00 tor children under 12. Pancake breaklast served on
Sunday for donation only. Activities for hams and
families. Camping with electricity available $2.50 per
night. Make checks payable to F1. Vancouver Hamfair for
registration and dinner tickets. Mall to Jack Ellis,
K7SUQ, 9610 SE 6th St Vancouver, Washington 88664.

24TH ANNUAL BREEZE SHOOTERS HAMFEST, Sunday,
May 21st, White Swan Park, Parkway West (Rt. 60), near
the Greater Pittsburgh International Airport. Prizes,
homebrew contest, refreshments, amusement park.for
harmonics, (discount nde tickels available at hamlest)
Western Pennsylvania’s largest ham event. Admission,
flea market and parking FREE! Talk-in on 29.0 and 2&/88
Contact WA3LUM, 311 Evergreen Ave., Pittsburgh, PA
15209

1978 DELTA A.R.R.L. CONVENTION, May 67, 1978,
Baton Rouge, LA. Riverside Centroplex 30,000 Square
feet of air conditioned exhibilion area. 12,000 Square
feat of mesting room. Convention Hotel is The Chateau
Capitol, 1 1/2 block walk, Forums on antennas, micro-
processor-repeater application, beginning help and
novices, FCC exams and much more. ARRL Guest
Harry Dannals, Perry Willlams and Gerald Hall. For
details, write: Baton Rouge Amateur Radio Club, 10715
Waverland, Baton Rouge, Louisiana 70815,

SATELLITE AMATEUR RADIO CLUB Annual Swap/Fun
fest and Santa Maria BBQ on Sunday, June 18, Best
steak and biggest hamfest in the west. Fantastic prizes!
Swap tables available. All you can eal dinner — $6.00
adults; $3.00 children under 12. Contact W2KVAJIE at
(B0%) 9250398, or write SWAPFEST, P.O. Box 2531,
Orcutt, CA 93454

AMATEUR FAIR '78: SWAPFEST & EXPOSITION for
Amateur Radio Operators and Computer Hobbyists
Saturday, June 3rd. Minnesola Stale Fairgrounds. Free
overnight parking for sell-contained campers, June 2
only. Talk-in on 16/76 and 52/52. Sell from your car in the
GIANT FLEA MARKET. Inside space available. Great
prizes, scheduled forums on FM and microprocessors.
Admission: $2.00. For information or reservations for
commercial exhibil space, call (612) 933-2823

iy
e

* We pay AIR FREIGHT on all

prepaid or credit card orders.

Q * Call our order desk collect:

All Modeis
& elements

703-938.3511.

{' * We stock in depth: Bird 43

3 v Thruline, All Table 1 elements,

Ne '3 cCa & EC-1 cases
S

- MODEL 43 $120.00
AUTHORIZED BIRD DISTRIBUTOR
DEALER INQUIRIES INVITED.

i

[F31COM| IN sTOCK
1C-245/SSB $599
1C-211 $749
IC-701 Write

plus others
. . :

Wilson ' srocx
WE-800 $459
MARK Il HANDHELD $219
MARK IV HANDHELD $249

and much, much more

All Prepaid & Charge Orders
Shipped NO CHARGE in US.
Sales tax 4% Lo Virginia residents only.

ELECTRONIC EQUIPMENT BANK, INC.

516H Mill St., Vienna, VA 22180
Call COLLECT 703-938-3511

4~ TEUIDTVOURSELF ~¢
AVIONICS FOR
HAM PILOTS

Free catalogue describes high tech-
nology, low cost avionics and test
equipment offered in kit form. Product
line includes audio panel, aircraft band
two-channel transceiver, digital chro-
nometer, navigation and communi-
cations test equipment, bench power
supply, and more. Shoot us the coupon
for details.

—————————\
T ——— — — — —

Name

Addraess _ ==

E qm":.- —anp— — $‘
| /218 . ,~ Radio Systems
\ Technology, Inc.
$\ — RR5 GRASSVALLEY,CA95945

i € e,
16-POLE ($7=i==s)

R_4C SSB' -_:-.__ 4 l*

Improve the sarly-stage selectivity of your Drake R-4C while
adding B additional poles {total 18) with an internally- mount

ed, switchable set of first-IF crystal filters. Reduce QRM,
leakage, overload. Ideal for DX and contest work. Overall
shape lactor better than 1.4, Maximum skirt selectivity with

maximum intelligitility. Total bandwidth with CF-2.1K/8;
2100 Hr at -6dB, 2000 Hz a1 60 dB. Modest variable band
width. Other bandwidths avallable. Filter set can be mounted
in recoiver and relay switched with our kits which stan
$33.00. 3 and 4 filter switching options can include our
CF-B00/6 and/or existing B-kHz fistIF filter, all internally
mounted, controlled from rear or front panel. USBE and LSB
CF21K/8 pair is $120.00 per set. Money back i not satis
fied. Add $3 shipping por arder; $6 overseas air, Dealer in
quities welcome

Sherwood Engineering Inc.
1268 South Ogden St.
Denver, Colo. 80210 =
(303) 722-2257 e

More Details? CHECK — OFF Page 150



DSI INSTRUMENTS INC.
Be the one who’s on FREQUENCY!!

With your DSI Counter. . .save the shop cost of tweaking xtals. . .
know your frequency. . .from 160 meters through 450 MHz. Now DS/

offers the most counter for your dollar. Latest state-of-the-art
technology. . .DS! advanced LS| design far exceeds outdated TTL.
Go with the leader . . .buy a DS/ FREQUENCY counter and SAVE
TIME & MONEY!!

MODEL 3500 $139.95 MODEL 3600A $189.95
Includes TCXO = 1 PPM Includes oven timebase = .5 PPM

MADE IN USA—Factory Assembled—8 Hr. Burn.in Test & Calibration
Built in 600MHz Prescaler & RF Preamp—Not and addon

8 Large Bright— ‘2 inch LED Readouts

Two Selectable Gate Times— .1 sec. & .1 sec. 100Hz to B00MHz
Accuracy = .5 PPM = one counl = 1 PPM per six months from 50°F to 100°F
Sensitivity— 10MvRms 150 to 250MHz 50Mv @ 450MHz

Gate-time & Oven Light—Automatic Decimal Point Placemeant
Automalic Leading Zero Blanking—When No Input Signal is present
No Direct RF Connection Required—With Supplied Antenna

50239 Hiz input 50Hz to 75MHz—50238 Low z 10MHz to B00MHz

AC or DC Operation 115 VAC 50/60 Hz, 8.5V to 13.5VDC @ 400ma
50Hz to 600MHz Sine or Square Wave Inpul

FCC Certiliable—Designed lor the Prolessional Service Technician
Resolution 1 Hz Non-Preéscaled 10Hz Prescaled @ 1 sec. Gale

PREFORMANCE YOU CAN COUNT ON

1. PPM OVER TEMPERATURE RANGE With a spec. of + 1 PPM over 50°F to 100°F, your worst error
over temperature would be + 145Hz, when measuring 145 MHz. This is the most important specifi-
cation for any frequency counter because temperature variation of only a few degrees could have a
drastic effect on the accuracy of your counter.

MADE IN USA—Factory assembled—2 Hr. Burn-in Test & Calibration
Built in 600MHz Prescaler with RF Preamp—Not an addon

7 Large Bright— vz inch LED Readouls

Resolution—10Hz Non-Prescaled 100Hz Prescaled, .1 sec Gale

ACCURACY + 1 PPM = one count + 1 PPM per six months from B5*F to 85°F
SENSITIVITY—50 MvAms 150 1o 250MHz 100Mv @ 450MHz

Gate Time Light—Automatic Decimal Point Placement

Automalic Leading Zero Blanking When No Input Signal is Present

No RF Connection Required with Supplied Antenna

80239 Connectors Supplied for Direct Probe Input

AC or DC Operation—115 VAC 50/60 Hz 8.5V to 13.5 VDC @ 300ma
Comprehensive Owners Manual with Complete Schematics

Size 2 T/8"H x 8"W x 5" Deep

R R N N
LR I I I

2. PPM LONG TERM With a spec. of £ 1 PPM per six months, your additional error would only be 145Hz
when measuring 145MHz, six months after calibration.

3. LAST DIGIT ERROR All counters have an error in the last digit, if the last digit should read a 5 it could
be a 4, 5 or 6. When you have 10 Hz resolution (last digit represents tens of Hz) your additional error
will be = 10 Hz.

4, TOTAL ERROR The overall error of a counter is the sum of the error due to temperature variation,
last digit error and long term error. A simple =+ 1 PPM spec. with no mention of temperature or ageing
could conceal a much larger overall inaccuracy. Example: = 1 PPM at 75°F is + 145Hz at 145MHz,
but the same counter might be in error 1 KHz or more at only 85°F.

VISIT US AT YOUR NEXT HAMVENTION
Dayton, Ohio 28, 29, 30 April » Baton Rouge, LA 5, 6, 7 May = Birmingham, ALA 13, 14 May « L.E.R.C., L.A,, CA 20, 21 May

P ———————— T P L D L D T e D D DT T L L L Ll i

See Your Local Dealer
* NO EXTRA COSTS »

or
Call Toll Free (800) 854-2049 DS/ Instruments Inc.
F R E E Shipping anywhere in U.S.A.

Name
Address SO E e ek e 006 4100 000 000 500 0050
"% s 2ip G . Strongest warranty in the counter field.

Gty e He s ONE YEAR Parts and Labor .

[J Please send more information on your full line of instruments . Satisfaction Guaranteed. :
E:CheckEﬂclosedL-jc;‘o.ob L B B B B BN BN B B B DR B L B

Please charge my: (] Bank Americard (] Visa [J Master Charge [ AE Dennis Romack WAG0Y 1
Card # Exp. Date VP Marketing, DSI
L Signature

California Residents add 6% State Sales Tax and Call Collect (714) 565-8402 y

7914 Ronson Road No. G, San Diego, CA 92111




FREQUENCY STANDARD

v/ Precision crystal.
v/ Markers at 100, 50, 25, 10, 5
KHz.

v 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 vyour 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
connected to the
rachate  enough

“antenna’
Standard may
marker signal.
The Frequency Standard 1s factory
set to frequency and the setting can
be checked and adjusted with the
“zero” trimmer while histening 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) in the U.S. and Canada,
Add $2.00 shipping/handling.
California residents add sales tax.
ORDER YOURS NOW!

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025

Phone: (714) 747 3343
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flea market

TRILCOUNTY ARC ANNUAL HAMFEST May 7. 9:.00 A M.
to 4:00 P.M. Rain or Shine — Indoors at Stirling, NJ
Youth Center, just off Valley Road. Tables $5.00 Buyers
$1.00. Door Prize — Bird Wattmeter, Talk-in on 146.52
and 147.855-147.255. Info from Tri-County ARC P.O. Box
412, Scotch Plains, NJ 07076 or call Herb W2CHA
201-647-3461.

HOSSTRADERS NET: Fifth annual Tallgate Swapfest
Salurday, May 13th at Deerfield, New Hampshire Fair-
grounds. (Covered buildings In case of rain) Admission
one dollar, no commission or percentage. Commercial
dealers welcome at same rate. Excess revenues benelit
Boston Burns Unit of Shriner's Hospital for Crippled
Children. Last year we donated $430.80. Talk-in .52,
146.40-147.00, 3940 kHz, Questions: S.AS.E. 1o Joe
Demaso K1RQG, Star AL, Box 56, Bucksport, ME 04416
or Norm Blake WA1IVB, P.O. Box 32, Cornish, ME 04020
or Check Hosstraders Net on Sundays 4 PM 3940 kHz

KENTUCKY HAM.O-RAMA — Sunday, May 28 (Memorial
Day Weekend). 7 minutes south of Cincinnati. Erlanger
Lions Park, Erlanger, Kentucky. Donaldson Road exit,
I-75 Soulh. Prizes, exhibits, flea market. NKARC, Box 31,
Ft. Mitchell, Kentucky 41017

F.M. B*A*S*H, DAYTON, OHIO, April 28, 1978, Friday
night of DAYTON HAMVENTION. Social evening for
hams and friends, 8 P.M til midnight. NEW LOCATION:
Downtown Daylon Convention Center, Main @ Fifth, Ad-
mission is Iree. Sandwiches, beverages, snacks and
C.0.D. bar avallable. Live entertainment by TV personali-
ty Rob Reider (WABGFF) and his group. Fabulous prize
drawing featuring a complete Drake UV-3, Including 144,
220 & 440 MHz synihesized modules, power supply, en-
coder mike and antenna plus other prizes. Winner of first
prize need not be present. For further information con-
tact: Miami Valley FM. Assn. c/o Sue Hagedon,
WBBGWQ, 1340 Brainard Woods Drive, Dayton, Ohio
45459

THE 4TH ANNUAL NORTHWESTERN PENNSYLVANIA
HAMFEST, May B6ih, Crawlord County Fairgrounds,
Meadville, PA. Gates open at 8:00 $2 prize ticket required
for agmission — $1 to display. Children FREE. Hourly
door prizes, refreshments, commercial displays
welcome. Indoors if rain. Talk-in 04/64 and 52. Details
CARS, P.O. Box 653, Meadville, PA, 16335,

THE WABASH COUNTY AMATEUR RADIO CLUB'S 10th
Annual Hamfest is Sunday, May 21, 1978, rain or shine,
at the Wabash County 4-H Fairgrounds in Wabash, Large
flea market (no table or setup charge). Technical forums,
bingo, free parking, good lood at reasonable prices.
Advance admission, $2.00, $2.50 at gate. Children under
12 free. Write Dave Nagel WD9BDZ, 555 Valley Brook
Lane, Wabash, IN 46992

WARMINSTER AMATEUR RADIO CLUB'S Fourth Annual
"HAMMART", Flea Market and Auction, Sunday, May
14th, from 9 to 4 at William Tennent Senior High School,
Street Road (Route 132) 2 miles East of York Road (Route
263), Warminster, Bucks County, PA. Registration $1.00,
Tailgating $2.00 additional. No indoor selling, bring your
own lables. Talk-in on 146.16-76 and 146.52. Further
information write Horace Carter KIKT, 38 Hickory Lane,
Doylestown, PA 18901 or call 215-345-6816

THE POTOMAC AREA VHF SOCIETY Seventh Annual
Hamfest, Sunday, May 7, 1978, from 8 AM to 5 PM at the
Howard County Fairgrounds, approximately 25 miles
narth of Washington, D.C. at the intersection of I-70 and
Maryland Route 32, Registration of $3 includes flea
markel or lailgate sales. Professional food and beverage
catering and unlimited parking will be available Talk-in
on 14652 For further information contact K3DUA,
K4LHB or WA3NZL

MARYLAND: Fourth Annual Easton ARS hamfest, May
14th, 10 AM to 4 PM at the Talbot County Agricultural
Center located 5 miles north of Easton on Route 50, be-
tween mile markers 60 and 61. From Baltimore or D.C,,
cross Chesapeake Bay Bridge and follow Route 50 East
for 21 miles. Talk-in on 52 simplex or 146 445/147 045
Some tables available inside and oulside, or bring own
Lots of space for tables and tailgaters al $2 in addition to
regular Donation of $2 to enter. Write or call K3ONU, Box
781, Easton, MD 21601, 301-822-0943 atter 6 PM.

VACATIONLAND HAMFEST, Erie County Falrgrounds,
Sandusky, Ohio, May 21, 1978. Tables $4 each, $1 for
trunk sales (B acres for trunk sales). Advance tickets
$1.50, $2.00 at gate. Talk-in on 52/52. Write EARS, P.O
Box 2037, Sandusky, OH 44870.

TENNESSEE: The Annual Humboldt Amateur Radio Club
Hamfest Sunday, May 21 at Shady Acres Cily Park in
Trenton, TN. Talk-in an 37/97. Flea Markel, Prizes, Ladles
activities, light lunches. For further information, contact
Ed Holmes W4IGW, 501 N. 18 Ave., Humbaoldt, TN 38343,

432 Yagis
by K2RIW

IF YOU'RE SERIOUS

=i A 0 S
15t PLACE - EAST COAST VHF SOCIETY'S
1977 ANTENNA GAIN CONTEST

19 ELEMENTS, TANDEM-REFLECTOR*
12-MHz BANDWIDTH, 432-MHz CF

INTEGRAL BALUN, 50 {1 TYPE N

ALL ELEMENTS INSULATED FROM BOOM-
NO GAIN LOSS FROM WEATHERING!

® HANDLES FULL KILOWATT CW
® 13-FT SELF-SUPPORTING BOOM
L]

SURVIVES 85MPH WINDS

® WEIGHS ONLY 2-3/4 POUNDS!

*PATENT PENDING

MODEL sqs 895 PREPAID UPS IN

43219 CONTINENTAL USA

QUANTITY DISCOUNTS AVAILABLE - WRITE

i
X® 1 WV rrobucrts

BOX 197, BABYLON, N.Y. 17702

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

Have you heard the rumors of a
now typs ol ham tower? Wall, il's
trus — and you can buy directly

EXAS fram the distributor, Texas
OWERS | Towss, at tremandous savifigs!

Our Model HD-16, built by Con-
solidated Manutacturing Co., meets the same specilications,
and is compatible with, the popular Rehn 256. HD-16 meets or
axceads all Indusiry specs for this type of communication tower

For whl of modest hf instailations not requiring capacity for
very large antennas. a brand néw Concepl in amaleur 10wers is
available Model C-18. This product 15 construcled with glec
froplated 18 gauge steel legs Each section is atiractively himish
ed with light gray baked enamel which is ditficult to distinguish
from the normai hot dip galvanize tinish

I you compare our Model HD-16 a1 $37.50 or Model C-18 at
$30 50 per 10 foot sechon with local prices for 25G. you will see
why we are so excited aboul these products!

complete selection ol accessories and installation matenal is
avalable a1 comparable savings — ask And consider this —
whal could be more convenien than delivery 1o your door via
motor freight? For oul-ol-state buyers, sales laxes are not
charged and this alone 15
:Jllenmeni.:‘ugh lo BD‘:: Write TEXAS TOWERS
reight charges Bu
shipments fo clubs or | G6rald Williamson, K5SGW
groups are weicome. | 113 Starlite Drive
Plano, TX 75074 or call

Wrile for quoles on ship
ments of 350 1t of more 214-423-2376 nites/ weakends.

More Details? CHECK — OFF Page 150



DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1N914 100v 10mA .05 8-pin  pcb 25 ww 45 gmggg;: f;l'fl’ff\’l (2N2222 Plastic .10) 1'2
1N4005 600v 1A .08 14-pin  pcb 25 ww 40 2N3906 PNP (Plastic g
1N4007  1000v 1A 15 16pin  pcb 25  ww .40 oo En (mastic) o
1N4148 75v 10mA .05 18-pin pcb .25 ww .75 2N3054 NPN .35
1N753A 6.2v z .25 22-pin  pcb .45 ww 1.25 12_’1“3'10252 ym;’ :)5A|_ 6?(;/ gg
1N758A 10v 2z .25 24-pin  pcb 35 ww 1.10 ar’ington :
1N759A 12v z 25 28pin  pcb 35  ww 145 BT T oes BB ik eomanode 1.0
1N4733 5.1v z .25 40-pin pch .50 ww 1.25 ﬁAN7% 7 seg com-anoge (Reﬁ{ }gf;
. AN7 7 seg com-anode (Re .
s dn 1 | Ml 01 Tededen 45| Wieo JHGTISE G 1
1 . seg com-anode eliow .
1N5245B 15v z .25 2 Amp Bridge 100-prv 1.20 MAN74A 7 seg com-cathode (Red) 1.50
25 Amp Bridge  200-prv 1.95 FND359 7 seg com-cathode (Red) 1.25
C MOS - TTL
4000 .15 7400 15 7473 .25 74176 1.25 74H72 45 745133 40
4001 .18 7401 .16 7474 .30 74180 .75 74H101 .75 745140 .55
4002 .20 7402 .20 7475 .35 74181 2.25 74H103 .75 745151 .30
4004 3.95 7403 .20 7476 .40 74182 .95 74H106 .95 745153 .35
4006 .95 7404 15 7480 .55 74190 1.75 745157 .75
4007 .35 7405 25 7481 .75 74191 1.05 74L00 .25 745158 .30
4008 .95 7406 .35 7483 95 74192 .75 74102 .25 745194 1.05
4009 A5 7407 .55 7485 .75 74193 .85 74103 .30 745257 (8123) 1.05
4010 .45 7408 25 7486 .25 74194 1.25 74104 .30
4011 .20 7409 15 7489 1.35 74195 .95 74L10 30 74LS00 .25
4012 .20 7410 10 7490 .65 74196 1.25 741.20 .35 741501 35
4013 .40 7411 .25 7491 .95 74197 1.25 74130 45 74LS02 .35
4014 .95 7412 .30 7492 .95 74198 2.35 74147 1.95 741504 .30
4015 .90 7413 .35 7493 .35 74221 1.00 74151 45 74L.S05 A5
4016 .35 7414 1.10 7494 .75 74367 .85 74155 .65 741L.S08 25
4017 1.10 7416 .25 7495 .60 74172 45 741509 .35
4018 1.10 7417 40 7496 .80 75108A .35 7473 40 74LS10 .35
4019 .50 7420 15 74100 1.15 75110 35 74174 45 741511 .35
4020 .85 7426 .30 74107 .35 75491 .50 74175 .55 74LS20 .25
4021 1.00 7427 .45 74121 .35 75492 .50 74193 .55 741.S21 .25
4022 .85 7430 15 74122 .55 741123 .85 741522 .25
4023 .25 7432 .30 74123 .55 74H00 .15 741532 4AQ
4024 .75 7437 .30 74125 45 74H01 .25 74500 .35 741537 .35
4025 .30 7438 .35 74126 .35 74H04 .20 74502 .35 74L540 A5
4026 1.95 7440 .25 74132 1.35 74H05 .20 74503 .30 741542 1.10
4027 .50 7441 1.1% 74141 .90 74H08 .35 74504 .30 741551 .60
4028 .95 7442 .45 74150 .85 74H10 .35 74505 .35 741.574 .65
4030 .35 7443 .65 74151 .65 74H11 .35 74508 35 741586 .65
4033 1.50 7444 .45 74153 .75 74H15 A5 74510 .35 741590 .95
4034 2.45 7445 .65 74154 .95 74H20 .30 74811 .35 741593 95
4035 1.25 7446 .95 74156 .95 74H21 .25 74S20 .35 741.5107 .85
4040 1.35 7447 .95 74157 .65 74H22 A0 74540 .20 7418123 1.00
4041 .69 7448 .65 74161 .85 74H30 .20 74S50 .20 7415151 9%
4042 .95 7450 .25 74163 .85 74H40 .25 74S51 .25 7415153 1.20
4043 9% 7451 .25 74164 .60 74H50 .25 74564 .20 7415157 .85
4044 .95 7453 .20 74165 1.50 74H51 25 74574 .35 741.5164 1.90
4046 1.7% 7454 .25 74166 1.35 74H52 .15 745112 .60 7415367 .75
4049 .45 7460 .40 74175 .80 74H53J .25 745114 .65 741.5368 .75
4050 .45 7470 .45 74H55 .20 74C04 .25
4066 .95 7472 40 74C181 2.25
4069 .40
4071 .35 MCT2 .95 LINEARS, REGULATORS, etc.
4081 .70 8038 3.95 1.M320T5 1.65 LM340K15 1.25 LM723 .50
4082 .45 LM201 .75 LM320T12 1.65 LM340K18 1.25 LM725N 2.50
MC 14409 14.50 LM301 45 LM320T15 1.65 LM340K24 95 LM739 1.50
MC 14419 4.85 LM308 (miniy .95 LM324N .95 781.05 .75 LM741(8-14).25
LM309H .65 LM339 .95 78L12 .78 LM747 1.10
LM309K (340K.5)85 7805 (3a0T5) .95 78L15 .75 LM1307 1.25
9301 ggoo SERglsEHsos1_10 LM310 1.15 LM340T12 1.00 78M05 .75 LM1458 95
9309 38 9601 45 LM311Dminiy .75 LM340T15  1.00 LM373 2.95 LM3900 .50
9322 7m 0602 48 LM318 (vin) .95 LM340T18  1.00 LM380 (s-14 piN) .95 LM75451 .65
LM320K5(7905)1.65 LM34QT24 .95 LM709 (8,14 PINY.25 NES55 .50
MICRO’S, RAMS LM320K12  1.65 LM340K12  1.65 LM711 45 NES56 .95
CPU'S, ETC. ' NE565 .95
745188 3.00 NEG66 1.75
17024 450 INTEGRATED CIRCUITS UNLIMITED NESE7 135
MM5314 3.00
MM5316 3.50
%}858 ! :‘7‘2 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL
TR16028 4150 (714) 278-4394 (Calif. Res.) DISCOUNTS
TMS 4044-45NL 14.50 Al orders shipped prepaid No minimum Total Order  Deduct
8080AD 12.00 . $36 - $99 5%
8T13 1.50 Open accounts invited COD orders accepted $100-$300  10%
87123 1.50 . ) ) o
8724 200 Discounts available at OEM Quantities  California Residents add 6% Sales Tax $301 - $1000 15%
8797 1.00 Al 1C's Prime/Guaranteed. All orders shipped same day received. $1000 - Up 20%
%;8;9 4. A 1‘1‘:(38 24 Hour Toll Free Phone 1-800-854-2211 American Express / BankAmericard / Visa / MasterCharge




Cramped
for Antenna
space?

The McKAY DYMEK DA 100.

The DA 100 is a compact, wide dynamic
range, broadband, untuned, omni-direc-
tional receiving antenna covering the
frequency range of 50 kHz to 30 MHz.

The exterior module, a small weather-proof
box with a 56 inch (142 cm) whip delivers
the signal to the power supply unit through
a supplied 50’ coaxial cable.

The“power supply locates near your
general coverage receiver and attaches
with a supplied patch cord.

The DA 100 antenna is small, but will equal
or outperform a 100’ long wire antenna,
and is priced within reach of everyone!
Output Impedance - Attenuator Switch
provided to match receiver input
requirements and prevent overload.

Order factory Direct. Call toll free today!
Money Back guarantee. Rent/Own Plan
available. Specs and details on request.

Nationwide B00/854-7769

California 800/472-1783 A .
McKay Dymek Co.

l h( 111 S. College Ave., PO Box 5000
Claremont CA 91711

ALDELCO ELECTRONICS COMPANY

We've Done it Again  Our Battery —
Operated Frequency Counter and | & .
Digital Clock Kit NOW available

Assembled and Tesled at the KIT

B ONLY
Frequency Range 100 Hz fo 40 MHz
Typical (prescaler tor 600 MHz coming 599.95

soon) Six Big 0.4 LED Displays Clock can be 12 or 24 Hour. 4 or b
Digits, 12 VDC Operation or 8 AA Nicads can be used. Clock runs
when counter is in use and when Switch 15 in oft position
B Size AA Nicad Balteries $17.6
110 Volt AC Plug in Power Supply & Charger 5.95

ACCUKEYER KIT. Similar to Handbook version. Includes PC Board.

IC's. Sockels & all parts $19.95
ACCUKEYER MEMORY KIT. Malches our Accukeyer and
many other keyers Two memories of 30 Characters each
(2 1101 Memary Chips), Includes PC Board. IC's. Sockels

pans

Dual digital 12 or 24 HOUR CLOCK KIT. NOW WITH A NEW
WALNUT WOOD GRAIN CABINET Model ALD 5W Six Big 0.5
Displays Only $49.95 12 or 24
Hour Operation — Each Clock con
trolled separately Freeze Feature lor

Time Set Easy assembly for
clock and Cabinet
Model ALD 5P Same Kit a5 above bul with unassembied Black
Plastic Cabinet with Red Filter INLY §44 95
ALARM CLOCK KIT. Six 0 5 LED Display Readouts Elapsed Time
mllllnlll 12 Hour Format with 24 Hour Alarm Snooze leature, AM
cator, Power Supply power lalure indicator. ONLY $18 .95
our Clock K, 0.5 Display LED's 18 95
\ﬂ'uot. Grain Cabinet 495

TUNABLE AMATEUR TV CONVERTER
Recewve Fast Scan ATV in the 470 MHz Band with any TV Set Low

e high gain Amplitier stage with Varactor Tuned input and oul
put. Built-in 110 VAC Supply Two Tone Walnut & Beige Cabinet
measunng 1-7/8" x 4-1/4% x 4-1/8"

Factory Wired & Tested. 2 ? Year Guaranty Only 349 95
Kit (Critical circuits prewred) Only $39 95
Adjustable Power Supply Kits. 500 MA

510 15 Volts $6.95 12 10 20 Voits 6 95
Power Supply Kit of Paris. 5 Vol 6 Amp 17.95

(add §1 00 per Power Supply shipping)
Add 5% for Shipping. Min, Order $10.00 out of USA send
Certified Check or Money Order. Include Postage

AILIDIEILICIO,

2281H Babylon Turnpike, Munrk N. Y. 11566
(516) 378-4555

Sand 15t class stamp for our catalog

600

wi: Mini
Counter

® All Metal Cabinet
@8 Digit 4" LED Display
®input Cable Included ®pPush Button Controls
®12V Input Jack ® Gate Light
720BK 600 MHz Kit .5149.95
OPTIONS

® Sensitivity £10 MV
®115V or 12V Operation

[@ENIE] ELECTRONICS

General Purpose Low Cost Counter Without the Sacrifice of Basic Performance
“Check the features we have that some other low cost counters don’t have.”

7208BA Assembled

o1 Pu!lnblu‘ w/NICad Battery (Built-in Charger)
02) Crystal Oven (1 ppm 0 10 60°C) $37 95

Dr}mnﬁ DAVIS ELECTRONICS 636 Sheridan Dr., Tonawanda, NY 14150 716/874-5848

Pre-Amp
PROBE

10-500
MHz

Only
549.95

..$39.95 .| —
oy

® Completely Auto Decimal Point

# Selectible Gate Times (1 sec & .1 sec)
@ State of the Art LS| Circuitry
®Crystal Tune Base (1 ppm alter cal )

$199.95

03) Handie

/

CFP

YAESU
CUSHCRAFT
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FOR ALL YOUR AMATEUR NEEDS

DRAKE UV-3

Mail Orders accepted. N. Y. residents add sales tax.
Transmitter sales to licensed amateurs only.

C F P COMMUNICATIONS A
_ 211 NORTH MAIN STREET e Fri & Sat. subject to
| | HORSEHEADS, N. Y. 14845 Hamfest weekends
PHONE: 607-739-0187 M| |osed Sun. & Mon,

$5535355555555555555355555355555555555555555555355555555853555°8

DRAKE
TEMPO
TEN TEC

Store Hours

Tues. to Fri. 10-6 p.m.
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flea market

CASS COUNTY AMATEUR RADIO CLUB HAMFEST Sun
day, May 7, 1978 7 AM to 4 PM at the 4-H Fairgrounds. Go
north of Logansport on highway 25 approximately one
mile, turn right, foliow the QSY signs. Advance tickets
$1.50, $2.00 al the gate. Outside setup Iree, undercover
$£1.00. Bring your own tables. Talk-in 146.52 &
Logansport repeater 147.78/.18. Write to KSDVL Dave
Rothermel, RFD 4, Box 146 G, Logansport, Indiana
46047,

CENTRAL MICHIGAN Amateur Repeater Assoclation
Fourth Annual Swap & Shop In Midiand, Michigan, June
3rd at the Midiand County Fairgrounds. Camping & Pro-
gram Friday evening. Computer Demonstrations, Door
Prizes. Donation: $2.00 at door, $1.50 in advance, Talk-in
146.07 - 146.67 WRBAKN, 146.13 - 146.73 WRBAHM and
146,52 Simplex. Info & Tickets, SASE to Don Zahm,
WBBSDJ, 3871 Monroe RN¥8, Midland, M1 48640

SOCIETY OF WIRELESS PIONEERS (SOWP) 10th birth-
day on-the-air CW QSO Party during the full GMT period
of May 4 and 5, 1978. Call CQ SOWP, all bands, 55 kHz up
from the low end. Novice members should use the
center portion of each novice band. Part-time partici.
pants should call CQ on the even hours. Exchange of
information should include handle, SOWP membership
number and QTH. Additional information is optional. A
special certificate will be awarded to all members who
make a minimum of 10 CW contacts with fellow mem-
bers. Send a list of contacts (with SASE) showing date,
time, call and SOWP numbers to the Society's Vice
President for Awards, Pete Fernandez WA4SM, 128
Hialeah Road, Greenville, South Carolina 29607

THE TERRY COUNTY AMATEUR RADIO CLUB annual
swaples! May 7, 1978 in the National Guard Armory,
Brownlield, Texas, For more information contact Viola
Simmons, W5FBM, 1603 East Tate, Brownfield, Texas
78316,

INDIANA: THE MIDWEST REPEATER ASSOCIATION'S
FIRST ANNUAL HAMFEST Sunday, May 21, at the
National Guard Armaory, 2530 173rd St., Hammond, In-
diana. Doors open 7 AM. Advance tickets $2.00, $2.50 at
the door. Reserved flea market area $1.00 otherwise first
come, lirst served. Door prizes, rallles, equipment dis-
plays. Talk-in 146.31/91 and 146.52 Simplex. Write to
M.R.A., P.O. Box 342, Griffith, IN 46319.

ANNUAL TEXAS VHF-FM SOCIETY SUMMER CONVEN-
TION, hosted by the Houston Echo Society, August 4, 5,
6, 1978 at the Galleria Plaza Hotel off Intarstate Loop 610
at Westheimer Road. Microprocessors/microcomputers,
hidden transmitter hunt, OSCAR communications, VHF-
FM activities. ARAL & FCC lorums, open hospitality
suite, ladies’ activities, Astrodome-Astroworld tours for
the kids, Exhibitors, and prizes. Saturday night banguet
featuring Bill Tynan, W3X0, editor of QST's “World
Above 50 MHz", as guest speaker. For information and
reservations write FM Society Summer Convention, P.O
Box 717, Tomball, Texas 77375

JUNE 4, 1978, STARVED ROCK RADIO CLUB HAMFEST,
Bureau County Fairgrounds, Princeton, lilinois. Advance
registrations $1.50 before May 25, after $2.00. Large
SASE please lor registrations, map, information, etc.
WIMKS/WRIAFG/SRAC, RFD M1, Box 171, Oglesby,
llinois 61348, 815-667-4614

MISSOURL: ST. LOUIS REPEATER CLUB HAMFEST,
Sunday, May 21, 1978, at Jefferson Barracks Park. Talk-in
146.34/.94 and 146.52/.52. Refreshments available,
prizes, Advance tickets $1.50, donations $2.00 at door
Info, contact WB@SYS, Bob Evans, 22 Brixworth, Floris-
sant, MO 63033,

MANASSAS HAMFEST SPONSORED BY The “Ole
Virginia Hams™ A.R.C. June 4, 1978 at the Prince William
County Fairgrounds one-half mile south of Manassas,
Virginia on R1. 234, Gates opan 7 AM for tailgating, 8 AM
for general admission. Fantastic Prizes. Admission $3.00
adulit, under 12 free. Tailgating $2.00 per vehicle, over
300 spaces available. Relreshments, YL Program, Chil-
dren's entertainment. FM Clinic; QSL Bureaus: learn
how they work. CW Proficiency awards: 5 wpm up. In-
door exhibit space available for Dealers: for info contact
Sam Lebowich, 9512 Sudley Manor Dr., Manassas, VA
22110, Talk-in on 146,37/146.97, 147 84/147.24 and CB Ch
1. Accommodations: Olde Towne Inn in Manassas, Holl-
day Inn at I-66 and At 234 Interchange. Camping at
Prince William County Forest (on Ri. 234 near the inter-
section of 234 and |-66)

HAMFESTERS 44TH ANNUAL PICNIC AND HAMFEST,
Sunday, August 13, 1978 at Santa Fe Park, 91st and Woll
Road, Willow Springs, lllinois, Southwes! suburb of
Chicago. Exhibits for OM's and XYL's, FAMOUS SWAP-
PERS ROW. Tickets at gate $2.00, Advance $1.50. For
Hamtest info or Advance Tickets (send check or money
order — SASE apprecialed) 1o Bob Hayes WIKXW,
18931 Cedar Ave., Country Club Hills, ILB80477.
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CRYSTAL FILTERS and DISCRIMINATORS
9.0 MHz FILTERS
XF9-A KHz
XF9.B kHz
XF9.C 75 kHz
XF9.0 0 kHz  AM
XFo.E 20 kHz  NBFM

XFa.M kHz CW (4 pole) $35.95
XF9.NB kHz CW (8 pole) $63.95
9.0 MHz CRYSTALS (Hc25/u)

XF300 9000.0 kHz Carriar . e
XFo01  8998.5 kHz USB £ $1.25
XF902 90015 kHz LSB X i Flte
XF903  8999.0 kHz BFO per filter
«F-05 He25/u  Socket Chassis

F-06 He25/u  Socket P.C. Board

10.7 MHz FILTERS, 8 POLE

XF107-A 14kHz $44.65
XF107-B 16kHz

XF107.C 32kHz

XF107-D 38kHz

XF107-E 42kHz

10.7 MHz FILTERS, 4 POLE

XM107-S04 14kHz

10.7 MHz DISCRIMINATORS

XD107-01 30kHz

XD107-02 50kHz

OSCILLATOR CRYSTALS 50 kHz TO 150 MHz
Write for Detaiis

PRE-SELECTOR FILTERS

SSB TX
SSB RX/TX
AM

Export
Inquiries
Invited

Shipping

ELIMINATE IMD "BIRDIES"
FROM YOUR RECEIVER.
CLEAN UP YOUR TRANS-
MITTER OUTPUT.

432 MHz PSf432 $39.95
1296 MHz PSf1296 $39.95
1691 MHz PSf1691 $52.45

Shipping $3.50

RECEIVE CONVERTERS

il
MODELS FOR ALL BANDS 50 MHz
THRU 1296 MHz, LOW NOISE OP-
TIONS AT 432 MHz,
STANDARD LF, 10M. IF OPTIONS 6M & 2M
FOWER 12V D.C, Shipping $2.50
MMcl44 N. F. 2.8 dB typ. $49.95
MMc432 N, F. 3.8 dB typ. $59.95
MMc1296 N. F. 8.5 dB typ. $69.95

50 MHz FREQUENCY METER MMd 050

Measure frequencies to 50
MHz

6 digit digital display

High sensitivity 50 mV RMS
Internal crystal reference
Size 414" x 214" x 114"
Power 12 VDC

MMd 050 NEW PRICE: $119.95

SPECIAL!
LIMITED QUANTITIES

Shipping $2.50 each

Spectrum
International, Inc.
Post Office Box 1084
, Mass, 01742, USA

More Details? CHECK — OFF Page 150

ANTENNAS

UHF LOOP YAGIS

26 LOOPS GAIN 20 dBi
1250.1340 MHz 1296.LY
1650.1750 MHz 1691-LY

420-450 MHz
MULTIBEAMS

48 EL. GAIN -+15.7 dBd 70/MBM4B8
88 EL. GAIN -118.5 dBd 70/MBME8

144-148 MHz

8 OVER 8 J.SLOT +12.3 dBd D8/2M
8 BY 8 VERTICAL POL. D8/2M-VERT.
BXY/2M

ANTENNAS
(FOB CONCORD, VIA UPS)

432 MHz SSB TRANSVERTERS

Use your HF Transceiver on the 432 MHz band with the addition of (he
MML432 linear Transverter. The MM1432 operates on all modes; SSB,

AM, FM. It contains BOTH the linear transmit up-converter and the re-
ceive down-converter. An internal PIN diode T/R connects Lo your Trans-
ceiver T/R line. The MMt432 is FT101 and similar HF rig compatible. Add
the 70/MBMA48 MULTIBEAM and OPI‘MN.' direct into OSCARS 7 & 8.
Write for application note.

Specifications:
Qutput Power
Drive, 10 Meters
Receiver N.F. 3.0 dB typ
Receiver gain 30 dB 1yp
Prime Power 12vD.C
Shipping: $3.50

MMt432.28 MK4 $249.95
MMt432-50 $259.95
MMt438-ATV $269.95 FMt440.146
MMt432-144 $319.95 QMt432-144

VARACTOR TRIPLERS

The low cost, easy way Lo operate on the 432 MHz and 1296 MHz bands.
For OSCAR 7, mode B, drive the MMv432 family varactor tripler with your
2 meler transmitter. The wideband varactor Lriplers cover the full 2M/432
band without retuning.

NO power supply required for varactor triplers; efficiency approximately 50%.
Threesnodels available at 432, wwo at 1296,

10 W PEP
145 W max

MMi144-28
Also Available:

Model Max Drive

MMv432 30 W $65.95
MMv432M 50 W $B3.95
MMv432H 70 W $125.95
MMv1296 20 W  §75.95
MMv1296H 35 W  $99.95

LINEAR AMPLIFIERS

COMPATIBLE WITH OUR LOW
POWER TRANSVERTERS.
10W DRIVE, 500 INJOUT

EDL432, 50W (ILLUS.) $124.95

EDL432P, INCL. POWER SUPPLY/CABINET $299.95
EDL144, 100W 2M, IN CABINET, WITH 115V POWER SUPPLY
$299.95

uPs Shlppmg at Cost
Send 26¢ (2 s.l.irnps) for full line c.ll.!1ogue of K\-"G crystal products and
all your VHF & UHF equipment requirements.
Pre-Seleclor Filters Amplifiers
Varactor Triplers Crystal Filters
Decade Pre-Scalers Frequency Meters
Antennas Oscillator Crystals

SSB Transverters
FM Transverters
VHF Converters
UHF Converters

may 1978 [l 127



MADISON SUPER SUMMER BUYS
NEW OMNI-J 2-meter mobile or portable antenna. 3/8"

thread, 5-dB gain (1.5-dB gain over conventional 5/8-wave
mobile whip antenna). $29.95, 220-MHz $27.95. 450 MHz
$27.95. Guaranteed results

KLM: Antennas, Linears, Accessories All In Stock. FREE balun
w/2 meter base antenna.

BIRD 43 Wattmeter plus slugs, in stock, prepaid freight

BENCHER keyer paddles in stock $39.95; chrome $49.95

MIDLAND 23-136 dual meter, reads SWR and relative POWER
handles 1 kW from 3-150 MHz $21.95

YAESU FT-901D series . ; Call for Quote

TELE-TOWER: 40" w/breakover $209
55" w/breakover b & : $399

MICROWAVE MODULES in stock

FOFT TONNA antennas: 144/16 el ) $55.95
9/19 OSCAR $53.00

JANEL Preamps in stock

TECHNICAL BOOKS: ARRAL, Sams, TAB, T, Rider, Radio Pub.,
Callbook, Cowan, TEPABCO, many others call

HAM X ROTOR (New Model) Turns 28 sq. fi. of antenna. List
$325. In stock Your Price $249

CDE HAM:I1I $129.00

SWAN METERS: WM 6200 VHF Wattmeter : ..549.95
SWR 3 Mobile $9.95

TELEX HEADSETS: in stock

CETRON 5728 . . i b $27.95 ea.

ADEL nibbling tool, $6.45; punch $3.50

CABLE 5/32", 6-strand, soft-drawn guy cable. For mast or light
lower, 3¢ foot.

BELDEN COAX CABLE: 9888 double shield RGB foam coax,
100% braid, suitable for direct bury 39¢ ft., 8237 RGB 21¢ ft.
8214 RGB foam 26¢ 1., 8448 B-wire rotor cable 16¢ ft,, B210 72
ohm kw twinlead $19/100 ft., B235 300 ohm kw twinlead
$12/100 1., Amphenol PL-259, silverplated 59¢, UG175 adapter
19¢. PL-258 dbl female $1.00. BNC female chassis mount 59¢
ea; MICRO RG-8/U same size as RG-59, 2 KW PEP @ 30 MHz
16¢ 1t

BELDEN 14 gauge cop. stranded antenna wire. $5/100 f.

TIMES 1/2" foam hardline 60¢/ft, conneclors $15 ea.

KESTER SOLDER 1 |b. 60/40, .062 $6.50

LEADER — Amateur Test Equip. — 10% off list

2.5A/1000 PIV epoxy diode 19¢ ea.

.001 MFD 20KV CAP. $1.95

GE receiving tubes. .. 50% off list

GE6146B, 8950 $7.95 ea.

SAY Electronic Power Supplies

Completely Regulated 13.8 to 20 volts dc, variable.
Separate volt and amp meters. Dual protection against
over voltage and over current,

BAMP . ooniivii iis avmims $59.95
BB avanaan wmisamaie $109.95
20amp .........iinnn. $159.95

CALL FOR QUOTES ON: YAESU FT-301D,
FT301, FT-227R, KENWOOD TS520S, TS820S,FT-
901DM, FT-101E, ALDA, AMCOMM, VHF-ONE
PLUS & ETO-ALPHA. ALL IN SEALED CARTONS.
CALL FOR QUOTES ON ITEMS NOT LISTED.
THIS MONTH'S SPECIAL: BEARCAT 210 SCAN:
NER $249.

CALL FOR FAST QUOTES
SPECIAL ORDERS WELCOME

TERMS: ces FOB 5 r ¢l 10 change without notice
All Te me hje le. Send letterhead for

ELECTRONICS SUPPLY, INC.

HOUSTON, TEXAS 77002
Nites 713/497-5683

1508 McKINNEY
713/658-0268
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V /& 4 1/4 KILOWATT |

LINEAR AMPLIFIER

TPL proudly presents the first true power 1/4KW
SSB/AM, FM or CW solid state

2 meter linear amplifier
A remote control plug allows
you to operate with the ampli-
tier ON or OFF, or in
SSB/AM, FM or CW

from the dashboard.

The 2002 utilizes the latest state of the art engineering including micro-
strip circuitry and modular construction. The three final transistors
combine to produce 250W when driven by 15W or more at 13.8VDC.

POWER INPUT HARMONIC ATTENTUATION:
5-20W Carrier FM or CW All Harmonics Attenuated
20W PEP maximum S58 or AM 60 dB or Greater

POWER OUTPUT:
200-250W carrier FM or CW
300W PEP SSB or AM

FREQUENCY RANGE:
144 to 148 MHz*

* will operate with slight
degradation at 142 150 MHz

CURRENT DRAIN:
FM-40 Amps @ 250W
SSB-30 Amps @ 300W PEP
DUTY CYCLE:
FM 50% @ 150W 33% @ 250w
SSB 60% @ 150W 50% @ 250W

Model 2002 $479.00
can be ordered for repealer application

for additional infor i t
;P COMMUNICATIONS INC.
1324 W. 135TH ST.. GARDENA, CA 90247 (213) 538-9814

Canada: A.C. Simmonds & Sons Lid. 975 Dillingham Ad.. Pickering, Ontario L1W 182
Expont: EMEC Inc., 2350 South 10th Avenue, Hallandale, Florida 33009

GREGORY ELECTRONICS
The FM Used

Y= ——a
M C T ngnice CO0

Equipment People.

2 METER PORTABLE
G.E. MASTER PR36

132-150 MHz — 5 Watts

All Solid State
with Ni-cad Battery
$228.00

Vehicular Charger 4EP63A

(sold only with unit) ............ ...325-00
A.C. Charger
(subject to availability)...........;........

Speaker/Mike Type EM36 ................

GREGORY ELECTRONICS CORP.

3 245 Rt. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000
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o e B || =1 ] RANDOM WIRE ANTENNA TUNER

All band operation (160-10 meters)
with any random length of wire
200 watt output power capa-
bility —will work with virtually any
transceiver. ldeal for portable or
home operation. Great for apart-
ments and hotel rooms—simply
run a wire inside, out a window, or
anyplace available. Toroid induct-
or for small size: 4-1/4” X 2-3/8"
X 37 Built-in neon tune-up indi-
cator SO-239 connector. Attract-
ive bronze finished enclosure

only $29-95

THE ORIGINAL Random Wire Antenna
Tuner in use by amateurs for 6 years

sst t-2 ULTRA TUNER

Tunes out SWR on any coax led antenna as well as random
wires. Works great on all bands (160-10 meters) with any
transceiver running up to 200 walts power output.

Increases usable bandwidth of any antenna. Tunes out SWR
on mobile whips [rom inside your car,

Uses toroid inductor and specially  made capacitors foi
small size: 5%4"™ x 24" x 2V.." Rugged, yel compact,
Attractive bronze finished enclosure. SO-239 coax con-
nectors dare used for transmitler input and coax fed
antennas. Convenient binding posts are provided for ran-
dom wire and ground connections,

sst t-3
IMPEDANCE

TRANSFORMER
only

$19.95

Matches 52 ohm coax to the lower impedance of a mobile
whip or vertical 12 position switch with taps spread
between 3 and 52 ohms Broadband from 1-30 MHz. Will
work with virtually any transceiver — 300 wattoutput power
capability SO-239 connectors. Toroid inductor for small
size 2-3/47 X 27 X 2-1/4" Attractive bronze finish

GUARANTEE

All SST products are guaranteed tor 1 year. In addition, they may be returned
within 10 days lor a tull retund (less shipping) f you are not satistied lor any
reason. Please add $2 ltor shipping and handling. Calit. residents, please add sales
tax. COD orders OK by phone.

SST A-1
VHF AMPLIFIER KIT

I watt input gives you 15 watts output

across the entire 2 meter band without

re-tuning. This easy to build kit (approx

1 2 hr assembly) includes everything you

need tor a complete amplifier All top

gquahty components Compatible with all

1-3 watt 2 meler transceivers

Kit includes

e ftched & dnlled G-10 epoxy solder
plated board

o Heat sink & mounting hardware  All
components — including prewound
i ll”‘!

e lop quality TRW Rb power transistor

e Complete assembly instructions with
details on a carnier operated T/R switch

only $29.95
$49.95 wired & tested

ELECTRONICS

P.O.BOX 1 LAWNDALE, CALIF,
890260 (213) 376-5887
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Meet
Vicki

LUNAR'S

Announcing the new - : A CUSTOMER
"SCAN]_COM'Q'“ .245/2” 1 S %  RELATIONS
scamer,” the wimee v | @82~ |77 REPRESENTATIVE

WE’'VE

DONEIT
AGAIN!

radio. . i

) . Contact Vicki FOR INFORMATION

“SCANICOM™: ON LUNAR'S COMPLETE LINE OF '

e Will scan the entire 2- AMATEUR EQUIPMENT! LUN;;’;;SNEW
meter: baad Ip @ e LUNAR'S Linearized 0SCARBOX "J"”
steps (the radio’s display Amplifier ""Get on Oscar B!"
tells you the frequency) $49.95

e Has a built-in delay that LUNAR'S in Line RF .Th ; \
allows you to remain on e il 9!!!19_'
frequency for a few sec- : | amiosor |
onds after the signal goes 0 1l L\@)NAR
Y s | €lectronics il

* Employs a connector

that simply plugs into the
back of your unit
¢ Requires only one wire to STE
be added to your unit, - .
I Professionally Engineered Antenna Systems

and !
Single transmission line “TRI-BAND* ARRAY”’

¢ Comes complete with a
fully illustrated instruc-
tion manual for fast,
simple, installation

[

ILLUSTRATION BALUN
MONARCH \ g
TBSEM/4KWP : \

* Proper installation will
not void warranty

$39.95

Units available directly from
ESSARY ENTER-
PRISES or from your
local ICOM dealer. Call or
write for details NOW.

"Patent Pending

By the only test that means anything . ..
on the air comparison . . . this array con-
tinues to outperform all competition . ..
and has for two decades. Here's why

ESSARY
ENTERPRISES

2 - For technical data and prices on com-
- . Telrex uses a unique trap design plete Telrex line, write for Catalog PL 7

émploymg 20 HiQ 7500V ceramic con-
elrex—

P.0.Box 1731
Richardson, TX 75080
Tel:(214)231-5866

densers per antenna. Telrex uses 3 opti-
mum-spaced, optimum-tuned rellectors
to provide maximum gain and true F/B
Tri-band performance.
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Frequency
Counter

$79° ..

You've requested it, and now it's here! The CT-50 frequency
kit has more features than counters selling for twice the
price. Measuring frequency is now as easy as pushing a button, the
CT-50 will automatically place the decimal point in all modes, giving
you quick, reliable readings. Want to use the CT-50 mobijle? No
problem, it runs equally as well on 12 V dc as itdoes on 110 V ac.
Want super accuracy? The CT-50 uses the popular TV color burst
freq. of 3.579545 MHz for time base. Tap off a color TV with our
The CT-50 offers
professional quality at the unheard of price of $79.95, Order yours

counter

adapter and get ultra accuracy -—

today!

001 ppm!

Gatetime:

..$79.95 weeks.
159.956 cB-1, kit ...
.20 29.95

SPECIFICATIONS
Sensitivity: less than 25 mv,

Frequency range: 5 Hz to 60 MHz, typically 65 MHz
1 second,
point positioning on both direct and prescale

Display: 8 digitred LED .4 height

Accuracy: 10 ppm, .001 ppm with TV time base!

Input: BNC, 1 megohm direct, 50 Ohm with prescale option
Power: 110 V ac 5Wattsor 12V dc @ 1 Amp

Size: Approx. 6" x 4" x 2'', high quality aluminum case
Color burst adapter

CT-50 FREQ

ysmsay slaotronas

UTILIZES NEW MOS-LSI CIRCUITRY

1/10 second, with automatic decimal

for .001 ppm accuracy available in 6

CLOCK KIT
6 digit 12/24 hour

Want a clock thart
looks good enough for your
living room? Forget the com
petitor's Kludges and try one of
ours! Features: jumbo 4" digits,
Polaroid lens filter, extruded aluminum
case available in 5 colors, quality PC boards
and super instructions. All parts are included, no
extras to buy. Fully guaranteed. One to two hour.
assembly time. Colors: silver, gold, black, bronze,
blue (specify).

VIDEO TERMINAL
KIT $149.95

TONE DECODER KIT
A complete tons decoder on a ungle PC Board
Features 4005000 Hr sdjusisble frequency
range. voltage regulanion, 567 G
Touch-tone decoding, tone Bt detection, F5SK
demod, sgnaling, snd meny other usm. Use 7
for 12 button 10uch1ong decoding. Runs on 5
10 12 wolts

Complete Kit, TD-1

Liseful for

$4.08

SUPER SLEUTH AMPLIFIER

A super-sensitive amplifier which will pick up a
pin drop at 15 feet! Great for monitoring
baby’'s room or as a general purpose test
amplifier, Full 2 watts of output, runs on 6 to
12 volts, uses any type of mike. Requires 8-45
ohm speaker.

Complete Kit, BN-9

FM WIRELESS MIKE KIT

Transmit up to 300" to any FM broadcast radio,
uses any type of mike. Runson 3 10 9 V. Type
FM-2 has added super sensitive mike preamp.

FM-1 .. 52,95 FM-2 ......$495

Clock kit, DC-8 ..q..iamasaeaviiase. $22.95 CAR
Alarmclock, DC-8, 12hronly , ......... 24 .95
Mobile clock, DC-7 ... ...... ... 25986
Clock kit with 10 min 1D timer, DC-10 . . . 2595 CLOCK
Assembled and tested clocks available, add KIT 52795
$10.00
AUTO DIMMER
CHEAP CLOCK KIT $8.95 PC Board 8250
DCA Features Doss not $295
®G gt 4 LED include board Transtormes
® 12 or 24 format or transformer $1.49
600 MHz — 30watt 2 meter CALENDAR ALARM CLOCK
Power Amp at avary feature one could ever ash for
PRESCALER The famous RE clam C power | It inchides everything encent case
amp now availlable mail order! Four FEATURES
Extend the range of your Watts in for 30 Watts out, 2 in for 15 P

counter to B00 MMz, Works with

out, 1 in for B gur, incredible value,

1 Haie F

COLOR ORGAN/MUSIC LIGHTS

See music come alive! 3 different lights flicker
with music or voice. One light for lows, one for
the midrange and one for the highs, Each
channel individually adjustable, and drives up
to 300 watts. Great for parties, band music,
nite clubs and more.
Complete Kit, ML-1

LED BLINKY KIT

A greal attention getter which alternately
flashes 2 Jumbo LEDs. Use for name badges,
buttons, or warning type panel lights. Runs on

3 1o 9 volts.
Complete Kit .........ccvvvennnns . $2.96

More Details? CHECK —OFF Page 150

all counters, Less than 150 my completa with all parts, instructions w mhit!
sensitivity. Specify =10 or T100 and details on T-R relay. Case not !
Wired, tested, PS 18 $59.95 included. =
Kir, PS 1B $44.95 Complete Kit, PA 1 $22 95 SE’_’;“?""_'_‘"- s caoe. 49005
LINEAR REGULATOR TRANSISTORS
5314 Clock $2.95 $ .50 1BMG $1.49 MRF 238 30W VHF $11.95
74500 .35 75 309k 89 NPN 2N3904 type 10/%1.00
745112 75 1.49 309H w a9 PMNP 2N3906 1ype 10/51.00
1447 79 1.489 340K 12 _‘:\- a9 NPN Power Tab 40W 3/%$1.00
7473 a5 1458 .50 7805 O 89 PNP Power Tab 40W 3/%1.00
7475 50 LED DRIVER 1812 gV 89 FET MPF 102 type 3/$2.00
74904 65 75497 50 7815 © 89 UJT 2N2646 1ype 3/%2.00
74142 3.50 715492 50 7818 a9 2N3055 NPN Power 75
DIODES: 1KV, 2.5A 5/$1.00 100V, 14 1/5$1.00 INS14A type 50/$2.00
LED DISPLAYS 741 OP-AMP SPECIAL SOCKETS | FERRITE BEADS
FND 359 15 Factory prime mini dip with both 3 i
FND 10 1.25 Merox and 741 part numbers 14 PIN 5-.$! 00 | with into and specs
oL 707 1.95 10 for $2.00 16 PIN  5/$1.00 | 15/8§1.00
HP 2730 ek OF & 24 PIN  2/$1.00 | 6 hole Balun Beads
5 i = a0 PIN  3/52.00 | 5/%1.00
Red Polarod Filter . 425" X 1,125 59 0 /3 i
PHO RDER
0 ]
P Box 40 H gste 610
9 Bannluucang
¥ 548
Orde b.OU

POWER SUPPLY KIT

lo requlated Wiy o
15 § +5 wolis
vy Fleguire -
GH Va1 Amp and 18 1o 30 vCT
Complyte K, PSILT 6 9%

SIREN KIT

Produces upward and downward wail char-
acteristic of police siren. b watts audio output,
runs on 3-9 volts, uses B8-45 ohm speaker,

Complete Kit, SM-3

DECADE COUNTER PARTS

Includes: 7490A, 7475, 7447, LED readout,
current limit resistors, and instructions on an
easy to build low cost frequency counter,

Kitof parts, DCU-1 . . ........c00uen $350
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Steel and Aluminum
CRANK-UP CRANK-OVER SELF-SUPPORTING
Call or Write for Your Custom Tower Package.
TOWERS BY = ANTENNAS BY ONLY
ALUMA A-S 4 $500
E-ZWAY CUSHCRAFT = _
HEIGHTS HY-GAIN & et
ROHN KLM T — (Add $1 for Airmail
TRI-EX LARSEN overseas add $2)
TRISTAO MOSLEY
UNIVERSAL NEWTRONICS THIS IS FOR YOU! All the excellent 1977
SWAN Newsletters of the International Fox-
ROTORS BY TELREX Tango Club in booklet form. Chock full of
CDE WILSON tested modifications, service notes,
CHANNELMASTER maintenance information, and much,
HY-GAIN much more. The popular FT-101 series
KLM Your Antenna Dream gets the most thorough treatment, but
TELREX Comes True— ata the others are not neglected. An infor-
WILSON Price You Can Afford mal, informative reference by and for
. YAESU peppla qll over the world. In-
Communications Specialists Serving Hams AR My g,
— Since 1939 —
ELECTRONIC DISTRIBUTORS, INC. FT ACCESSORIES
1960 PECK STREET MUSKEGON, MICHIGAN 49441 RIVISION OF FOX-TANGU. CORPRRATION
TELEPHONE (616) 726-3196 TELEX 22-8411 BOX 274, BRONX, N.Y. 10463

( ‘ \ FM RADIO
10 OF THOUSANDS ) | v avomcomecrn | | o500, St

OF CRYSTALS "t TONE Enlg}l::lfart'lrénzslwtt‘l;lgs(gnfsuIPMENT
IN STOCK! . : CALCom SYSTEMS, NG,

BUDWIG MFG. Co. ro uos 971, Ramana, ca az06s 2670 BONAVENTURA DR., SAN JOSE, CA 95134
408,/262-7200 Outside Cal. toll free BOD/538-9388

TELEPHONES, REPEATERS, REMOTE CDNTROLS,

H25C CASE

SCANNER k
MD{IDI?TBR \
ApRIRIR Regency Scauners

2METER

...  Bring You the News...
While ,l_\ it's Happening !

* Hear it all—on 10
channels covering all 5
bands.

* Includes 2 meter

Immediate

delivery “Ham" and

on most extended UHF
frequencies!

frequencies

OTHERS ARE SPECIAL ORDER
= AC/DC operation—
Listen-in at home or on

W
i;....e.ﬁ...._ the go.

CRYSTAL BANKING senwce O | $899 5
P.0. BOX 683 “ree nly c
LYNNFIELD, MA 01940 €9eMCY.  Model ACT-R-106 e
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SIS SIS

Ask about
Coroup Puschases

SIS SIS

ONLY

5129"5

yostpaid

l..l..

Take Command 0f220 MHz'

The -Synthacoder 509 represents - the' firstof -a X -SIMPLE. TO INTERFACE - Three wires and no holes!
totally. new. generation of frequency - synthasizers;

based on the lastest advances in. CMOS-L-SI techhi- * FULL COVERAGE - 220-225 MHz in 20 KH2 steps

ques. “Mafrix Modules”, which-contain prograrmm-

ing - diodes, . make adding new channels a - cinch. * MATRIX PROGRAMMABLE - No: more crystals

Simply . $nip the leads on the diodes not needed,

plug it in; and you-are On The Airl Our unique.in- * EXCLUSIVE “MATRIX MODULES” - Program in seconds
terface design  allows’ you. to use  your  existing

orystal- positions even: though the. synthesizer ‘has - * FULL MODE . CONTROL. - Simplex, Repeater, Reverse
been - installed. The' Synthacoder is. dlso easily

adapted for Scanning and External Freguency - * LOW POWER CMOS - Draws.only 60 ma

Control. To sum it up—We are sure that you will

find the new Synthacoder 509 Everything You * FULLY ASSEMBLED AND CALIBRATED - Not a kit
Want in a 220 MHz synthesizer—And at a Price

Comparable to Crystals! * FITS MIDLAND, COBRA, and CLEGG 220 MHz transceivers

MG
YES, 1 would like to purchase a Synthacoder for my 220 radio
Eﬂg’”é’é’?‘mg SPECHI[”(?S Endosed please find my -$129.95. Price includes postage and handling. 11>
PO BOX 2233 California residents add 6% sales fax.

1247 COMMERCIAL AVENUE $______ enclosed. [ Check [] Money Order
OXNARD, CA 93030 Please charge my (] Master Charge 1 BankAmericard
(805) 486-0817 Credit card #
’ Interbank * _
1 I'LL BITE! Please send more info. Expiration date
1 I'M HOOKED! Please RUSH my Synthacoder Signature

)

Name

“ R R S S S O IS OO
City . LAJLH A 3

P e e e e e e e e e e
——"— — ———(————— ——

T p————
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(WARBLE ALARM
CAR-VAN CLOCK * rwsomes

WITH HEADLIGHT ALARNM & oMo prsmavamicd

S MINUTE SNODZE ALARM
= WIMPLE & WIRE HDOK UP
*  JUMBO %" LED DISPLAY

* 171059 MINUTE COUNTDOWN
TIMER RUMS SIMULTANEDUSLY
WITH CLOCK!

COMPLETE KIT $35.95. auanrz eavstat
ASSEMBLED  $4595 "

SEmiconDuCTOR SUPERMART

DIGITAL AUTO INSTRUMENTS
=1 TACHOMETER SEVEN MODELS!

] WATER TEMP KITINCLUDES
o EALE R ALL MARDARE

=] FUEL LEVEL
EESURT & TIWF SENDI NS

od SPEEDOMETER® Ll .

=% OIL PRESSURE »  ASBEMEGED WA T BOARD
o DIl TEMP FLATURES

o) BATTERY MONITOR AT DRANGE LIDY

s AN 8T ARG LASH
SADD 410 FOR REQUIRED SFEED SENDER  $10 FOR SPEED SENDER ALONE

KIT: $49.95....... ASSEMBLED: $59.95

FREQUENCY COUNTER CHIPS

T207A $5.75

ZENER DIODES (1-WATT)
3 FOR §1.00

7208 $15.95 1N4733A 51V 1N4743A
9368 $2.60 1NAT 344 5.6V 1NATA4A
74196 $1.41 1N4735A , 6.2V 1N4745A
5.24288 MHz Xtal $6.95 1N4736A » 68V 1NA746A
1IN4T37A , 7.5V 1NA4747A
95H90 $9.25 1N4738A 82V 1N4748A
11C90 $15.25 1N4739A 9.0V 1N4749A
1NATA0A 10V 1N4750A

ELECTRONIC ‘PENDULUM’ CLOCK

* SWING PENDULUM

= 7T HOURS AND MINUTES DISFLAY
= TIME SET PUSH BUTTONS

* ALARM FEATURE

KIT-UNFINISHEDCASE ............. $59.95
ASSEMBLED-STAINED CASE .. ........ $69.95

QUARTZ DIGITAL AUTD CLOCK

OR ELAPSED TIMER!
ELAPSED TIMER: HRS, MINS & SECS
SIMPLE PUSHBUTTON RESET &
HOLD TOG

aiT

NOWWITH

1INAT41A 11V IN4751A

VOLTAGE REGULATOR ING742A W, 12V IN4752A

TRANSISTORS — FETS
POSITIVE OR NEGATIVE 2N5179 $ .70

40673 $1.25

YOUR CHOICE MPF102 $ .50

2ZN60B1 $8.60
UNLY 99 EA 2ZNB0B2 $11.50
ZNB0B4 $13.95
7805 2N5589 $4.95
708 2N5591 $10.95
.J'BOﬁ MRF449A $12.00
7812 MRF450A $15.55
7815 MRF901 $4.50
7818 MRF902 $13.80

CIRCUIT SPECIALISTS CO.
BOX 3047
SCOTTSDALE, AZ 85257

SPECIAL

78H05 5V, 5 amp
78H12 12V, 5 amp

TIME! 3% DIGITAL CLOCK
« soicirir 949.95 o s assemsien. $59.95
s BOIGIT KIT 559_95 e BUOIGIT ASSEMBLED 3?9_95
TV-WALL CLOCK

« 25" VIEWING DISTANCE

= 7 HOURS & MINUTES

« J SECONDS

o COMPLETE WITHWODD CASE

KIT:$34.95....... ASSEMBLED: $39.95
ECONOMY CAR CLOCK
LED MODULE!

« COMPLETE WITH CASE
BRACKET & TIME SET B
PUSHBUTTONS 1

« ALARM OPTION

KIT:$1995....... ASSEMBLED: $26.95

ANTENNA BALUN KIT

ONE KILOWATT

DIPOLES  WINDOMS
BEAMS VEES QUADS

Still only $5

ADD 75¢ FOR POSTAGE & HANDLING

Ask for free 'Data-Flyer!
on Ferromagnetic Materials

12033 QTSEGO STREET, NORTH HOLLYWOOD. CALIF. 91607

AMI?/@\M

PE N D U L UM = M'”_: 'r -:...I‘ .' .' ,..'I.'. FENDULUM SHING

$14.95 case with aracker $3.75

/_T_he Ultimate

MARK FOSKETS'
SOLID STATE TIME

P.0. BOX 2159
DUBLIN, CALIF, 94566

ORDERS (415) 828-1923

24 4p [
PHONE ;

\_ . C-hlIFDﬂNI.n RESIDENTS - ADD 6% SALES TAX )

IAMBIC
PADDLE...

» Full range of adjustment in
tension and contact spacing

» Self-adjusting nylon and brass
needle bearings

» Solid silver contact points

* Precision-machined, chrome plate
brass frames

» Heavy steel base has black,
textured finish (chrome plated base
optional)

Write for
literature

q Available at selected dealers or send §39.95
($49.95 for chrome model) plus $2.00 shipping
and handling. Money-back guarantee.

BENCHER,INC,

Dept B, 333 W Lake St . Chicago. IL 60606
(312) 263-1808

\ * Non-skid feet
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READ RF WATTS DIRECTLY!
nectors) 0.45 — 2300 MHz,

WATTMETER

MODEL 43

Elements (Table 1) 2-30 MHz
Elemants (Table 1) 25-1000 MHz

Carrying case for Model 43 & 6 elements

Carrying case for 12 elements

(Specify
1-10,000 Wartts
1.05, Unequalled economy and flexibility.

covering your present frequency and power needs, add extra ranges
later if your requirements expand,

Freapure v Bande |Mbs)
Pawer
¥ n oo b -
Range - - e L] ooa
S watiy A W kil S
10 watin A W L] ok
% watin A 0 no n
Swatts | WM WBA MK ol S0l
M watty | WEBE WDA  WOC W00 ood
Hbwatts | 1500 Foa S m) ol
S0 watts | WM W0A R ) S0
VOO0 watty | VOODH VDDA OO VOOO0  O0DE
S0 watrty | 200M
OO0 watts | WO00M
$120
42
36
26
16

5%, low insertion VSWR

Type N or SO239 con

Buy only the element(s)

TWO METER CRYSTALS

Standard / lcom / Heathkit / Ken / Clegg /
Regency / Wilson / VHF Eng / Drake /
Motorola HT 220 — and others! $4.50.

LIFETIME GUARANTEE!
Now Only $7.00 Per Pair!

Why Waste Watts?
SWR - 1A $29.95

OSwanwn
LLECTRONICS

SWR-1 guards against power loss! If you're
not pumping out all the power you're
paying for, our little SWR-1 combination
power meter and SWR bridge will tell you
s0. You read forward and reflected power
simultaneously, up to 1000 watts RF and
1:1 to infinity VSWR at 3.5 to 150 MHz,

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

7))
o
11]
s
w
=
(=]
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3
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1
=
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Q
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EFFICIENT
TOP MING

FIBERGLASS
TR FORMS

EWAMELED Wik
cons

o
SOLID &L Uk %
CaPACITONS

WO TUMING

REQURE

UL
O S 5100
ClAMPs

m: TiOmaL
COvTmaG)

PLMFORCID BASE
MAST DR GROUND
WOUN N

R MARKED

SEC TS

EASY ASSEMBLY

SUPEMION QUALITY

b

WO MIC HILA Dil T

TELEX. "POFESSIONAL HEADPHONES
TE I.Ex EADSETS

MODEL CEI0 fswigmo fcizio | £1320 | CM10 |Em 210 |cwi3ze | CM-13208
Headghome Seavaity | 10308 SPL |10308 SPL 03aB SPL {1058 SPL OJ4E 5P P0JEE 5P [10%46 5P | 10548 5P
Re! 0002 Dymes cm * Sdl *hait *348 *548 * 5l =348 = S4B el
@ ImW mput 1hHy
Headphone 17 BEE 17 17 317 1?7 37
Impedan: & 20 abewy | 2000 sheny | 20 ohey | 20 ohmy | 20 sy | 20 ohens | 20 ohems | 20 ohes
M ivghone S0 S0 50 50
Frequency BOOO Wy | BO00 He | BOOO Wy | BOOO Wi
Reiponie
M raphone Hugh High High Hagh
|mpedan r
M rophone Sl Sia8 G108 Sia8
Sensiinty bl ~ 5l “5a8 “ 568
Betow | voit ma roba
al Thkr
Price $995 | $11.65 | $28.30 | $37 90 | $42.80 | $56.90 | $66.30 | $54.50

~
16 0C

Model C 610 Model C 1320

Model PT-2 is a conunuous tumng 6 160
meter Pre-Amp specifically designed tor use
with a transceiver. The PT-2 combines the
features of the well-known PT with new
sophisticated control circuitry that permits
it to be added to virtually any transceiver
with No modification. No serious ham can
be without one. Price: $69.95,

& lmproves sensitivity and signal-to-noise ratio.

® [oosts signals up 1o 26 db.

o For AM or 5511

® Simple to msiall.

® Provides master power control for station equipment.

* Bypasses itsell automatically when the transceiver is transmilling.
o FET amplifier gives superior cross modulation protection.
» Advanced solid-state circuitry.
® Improves immunity lo transceiver front-end overload by use of its built-in attenuator,

Now you can receive the weak signals with the Ameco PT-2 pre-amplifier!

AMECO

Model CM 1210

Model CM 1320 Model CM 13208

Mlv BT A bt ol snrenns o e lite weece! Bew
Bigsarta® vl B s binssling Fal-anms & ganet gl a1 1710
= amtangih ey

T siectr i iy armad i anvienia ook 81 ey

e —

Master Charge Name Call
| American Express Address
E———1 H
| == visa S ciy State Zip

I Order:

Prices FOB Medford MA,

MA residents add 5% sales
tax.

Minimum $3.00 for
|shipping & handling
Ion ALL ORDERS.

Orders $1200.00 &

| over deduct 5%. i
Signature

Check enclosed ! Visa [ Master Charge

I American Express

Credit card #

Card expiration date

slinky ~
m&m!vw gt Q

parens Mo LAV

o
L L
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A WU, i
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Radio Electronics

|

I

|
209 Mystic Avenue I
Medford MA 02155 I
(617) 395-8280 |
|

SEND FOR FREE CATALOG!
L]
FREE GIFT WITH
EVERY ORDER!

Tufts Radio Electronics ® 209 Mystic Avenue ® Medford MA 02155 @ (617) 395-8280
More Details? CHECK —OFF Page 150
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TEST EQUIPMENT

All equipment listed is operational and un
conditionally guaranteed. Money back f nol

“‘THE PROFESSIONALS™

satisfied equipment! being returned must be
sh rd prepand. Include check - de
MODEL o 500 MHz Fol Fol[f]IN]uy ity Brices iniaarc OB tmomroe.” 1 oe"
BOONTON 190A @ mtr 30-300MHz $425
CTR- ZA & 1 GHz BOONTON 250A RX mtr bridge meas
res. cap. ind. 500kHz-250MHz . . 625
FLUKE B03B Diff ac-dc vtvm..... ... 295
GR1001A LF sig gen 5kHz 50mHz ...385
HP120B 450kHz gen pur scope ... .. 215
HP160B(USM105) 15mHz scuppwnth
reqg horiz, dual trace vert plugs ....._ 375
HP166B (Mil) Delay sweep for above ... 130
HP170A{USMI140) 30mHz scope with
reg horiz, dual trace vert plugs ...... 475
Tusto [ | L 10 mv@ HP175A 50mHz scope with reg
: pe— . horiz, dual trace vert plugs . .. 565
1sec e 150 MHz HP202B LF Osc .5Hz 50kHz 10v out. . 15
The New Model CTR-2A Series Counters are designed and bulit to the highest standards HP205AG Lab audio gen .02 20kHz ... 195
to fulfiil the needs of commercial communications, engineering labs and serious experi- HP212A Pulse gen .06 5kHZPRR . 65
mentors. With an accuracy of + .00005% (oven option] tha CTR-2A handie the m HP524D Freqcounter-basic range
rot : 4 > LD S LTIY. A, S CA A RO 10Hz-10mHz extends w-plug-ins .. 195
eritical measurements and is about half the cost of other commaercial counters. HP540B Trans osc to 12.4gHz for
If you need a reliable counter at an affordable price, the CTR -2A is the answer use w-HP524-tyoe counters ... ....... 145
: ) HP6&16 Siggen 1.B-dgHZ FM-CW .. .. .... 365
e Built-in Pre-Amp 10 mv @ 150 MHz @ Period Measurement (Optional) HP68S Sweep gen 393 12.4gHz7 sweep
“o 8 Digit .3" LED Dusplay ® |nput Diode Protected range 4,4dmHz-4. 4gHz . 495
e High Stability TCXO Time Base ® 12V-DC Operation (Optional) HPB03A VHF Anf bridge 50-500mHz .... . 135
e Built-in VHF-UHF Pre le 0 5 lled C | (O ) HP2801A Prec dig thermometer
uilt- escaler vfn Controlied Crystal (Optional) 80 10 250 deg Cels with 1
® Automatic Dp Placement +.5 ppm o0Sc. less sensors ...... ciaees 1295
e TCXO Std. £ 2 ppm ® Selectible Gate Times -1 & 1 sec. Tek181 Time mark scope calib. 55
Tek190 Sig gen(const ampl) 50mHz ... . 125
500 MHz Kit CTR-2A-500K . $249 95 Tek 545(mil vers by Hickok-Lavoie)
500 MHz Assembled CTR-2A-500A 349 95 PROBES 33MHz gen pur scope less plugin .. ... 495
1GHz Kit CTR-2A-1000K 3949 95 ] Tek565 Dual beam 10mHz scope
1GHz Assembled CTR-2A-1000A 549 .95 Hi-Z less plug-ins (3 series). » —
Tek585 BOMHz gen pur scope less
OPTIONS . . . $15.00 R R G e 645
02) Oven Crystal $49.95 05) 10 sec. Time Base % 5.00 o URM25 Mmil 5Ian|:l S|g gen 10kHz-50MH1z
03) 43" LED 10.00 06) Period 15.00 caI-Fb atin . 225
_ or complete li sru! all I'- sh qu.pnu m
_04' 12 V-DC 10.00 07) Handle 10.00 Low Pass s:nn[smm{;ca seli addressed envelope
DAULS] a8 L 2 e e = il GRAY Electronics
- Daytnn Show A P.O.Box 941, Monroe, Mich. 48161
> . .0.Box ’ , Mich.
DAVIS ELECTRONICS 636 Shendan Dr., Tona,, N.Y. 14150 716/874-5848 Snectaliring In used f6s) squipment

AMECO » ARRL BOOKS » ASTATIC * B & W * BEARCAT
* CALLBOOK * CDE HAM Ill *» CUSHCRAFT * DENTRON
* HALLICRAFTERS * HY-GAIN * KLM ¢ LARSEN
* MALLORY * J. W. MILLER * MOSLEY * SAY POWER
SUPPLIES * SHURE * W2AU BALUN *» MORE TO COME!

Orlando's Most Complete Stock of Electronic Hardware

Transistors » Diodes * Integrated Circuits * Variable Capacitors * Connectors * Audio Cables
* Variable Resistors * Antenna Wire * RG-8/U Coax (foam) * Rotor Cable ¢ Steel Mast
* Ceramic Insulators * and much more

LAFAYETTE RADIO ELECTRONICS Swore

1811 N. HWY 17-92, MAITLAND, FL. 32751

m (Neal:Orlando) ﬁ

305-831-2271

Space buys more and pays more. High-
est prices ever on U.S. Military sur-
plus, especially on Collins equipment
or parts. We pay lreight. 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

FACSIMILE

COPY SATELLITE, PHOTOS,
WEATHER MAPS, PRESS!
The Fax Are Clear on our full size (18-1/2" wide)
recorders. These commercial-military unils now avail-
able at surplus prices. Learn how to copy with our FREE
Fax Guide Tel.: (212) 372-0349
ATLANTIC SURPLUS SALES
3730 NAUTILUS BROOKLYN, N.Y. 11224

PHIL EXPERIENCE the Ultimate BOB DON'T KEEP
Wi _in Scanners Wanes A GOOD ANTENNA DOWN

™ # up nstead. instal the

Workd-Flocond B g - WETYFP e ORF ARL
The Touch
L THE JOVS‘!ICK an

wridabhe fres) ant) Grven kow anghs, omne-direchor

- rackabon on all bands 160 theu 10 [+ MARS ar ervir on Al
by eﬁ'e ney L& bW
bplepiiey Bty 5 1000 of glowing reports n our liles of the VEA in wse, ollen m poor

- $329 LIST - OTH and/or under OAP, contes
* Over 15,000 frequencies at your fingertips 50“’ P"‘;;o zﬂspffﬂ;‘?;m oo
» Scans the Channels in 1.3 Seconds 279 il L

= Special Weather Alert” and Priority Scan features 500W PE P, /ot Improved G Facir eceive

oy asseTOl |

LAFAYETTE RADIO ELECTRONICS ‘Srore e

PﬂRTHIDGE (HR)

n. 1811 HWY 17-92, MAITLAND, FL. 32751 o] ELECTRONICS LTD
’ - 305-831-2271 = (830 PR o
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Two More Products From INFO-TECH
Design and Development

Model 10D
Morse Keyboard

Features:

e Adjustable speed range, 6 to
60 wpm (higher on request)

e Adjustable weight

e 128 character running buffer
with meter indication of
capacity

e Reed relay keying

Priced at:

$299.50

Model 30C
Morse Converter

Features:
e F-8 Microprocessor based
e Automatic speed & wordspace

e Attaches directly to receiver
audio and video monitor

e Video display - 32 characters x
16 lines or 72 characters x 16
lines

Priced at:
32 character Video

$324.95
$344.95

72 character Video

Order Direct or From These Dealers

Cohoon Amateur Supply

G. Hutter-Kunststofftechnik Mid Com Electronics, Inc.

2506 South Brentwood Blvd.

Highway 475 Postfach 2129
Trenton, Ky. 42286 D-8990 Lindau (B) St. Louis, Mo. 63144
Germantown Amateur Supply West Germany 314-961-9990
3202 SU"]mef AUE. (Dealer lor i.n‘r'muw Ausreia .\w-rfr’rl.irru- N & G Dislribu!orﬁ
Memphis, Tenn. 38112 International (_:ommgrclal Sales 4545 N.W. 7th St.

14 Pleasant View Drive Miami, Florida 33126

901-452-4276
: Annawan, lll. 61234
Ham Radio Center 309-935-6567
8342 Olive Bivd. :
St. Louis, Mo. 63132 Marcucm-SPA
B00-325-3636 Via F. LLI-Bronzetti
37-20129

Milan, Italy

IlNF O-TECH ncorronaren

More Details? CHECK —OFF Page 150

305-448-7530

Universal Amateur Radio, Inc.
1280 Aida Drive
Reynoldsburg, Ohio 43068
614-8B66-4267

See Us at the Dayton Show

Specializing in Digital Electronic Systems

2349 Weldon Pkwy. St. Louis, Missouri 63141 Phone (314)576-5489
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Alabama

LONG’'S ELECTRONICS

2808 7TH AVENUE SOUTH
BIRMINGHAM, AL 35202
800-633-3410

Call us Toll Free to place your order

Alaska

RELIABLE ELECTRONICS

3306 COPE STREET
ANCHORAGE, AK 99503
907-279-5100

Kenwood, Yaesu, DenTron, Wiison,
Atlas, 1ICOM, Rohn, Tri-Ex.

Arizona

HAM SHACK

4506 A NORTH 16TH STREET
PHOENIX, AZ 85016
602-279-HAMS

Serving all amateurs from
beginner to expert.

KRYDER ELECTRONICS

5520 NORTH 7TH AVENUE
NORTH 7TH AVE. SHOPPING CTR.
PHOENIX, AZ 85013
602-249-3739

We service what we sell.

POWER COMMUNICATIONS
6012 NORTH 27th AVE.
PHOENIX, AZ 85017
602-242-6030

Arizona’s #1 Ham Store.
Kenwood, Drake, ICOM & more.

QSA 599 AMATEUR RADIO CENTER
11 SOUTH MORRIS STREET
MESA, AZ 85202

602-833-8051

Eimac Distributor. New & Used
Equipment, Parts - Surplus too!

California

C & A ELECTRONIC ENTERPRISES
2529 EAST CARSON ST.

P. 0. BOX 5232

CARSON, CA 90745

213-834-5868

Not the Biggest, but the Best —
since 1962.

COMMUNICATIONS CENTER
705 AMADOR STREET
VALLEJO, CA 94590
707-642-7223

Who else has a Spectrum
Analyzer?

HAM RADIO OUTLET

999 HOWARD AVENUE
BURLINGAME, CA 94010
415-342-5757

Visit our stores in Van Nuys
and Anaheim.

Ham Radio’s guide to help you find your local

RAY’'S AMATEUR RADIO

1590 US HIGHWAY 19 SO.
CLEARWATER, FL 33516
813-535-1416

West coast’s only dealer:

Drake, lcom, Cushcraft, Hustler.

QUEMENT ELECTRONICS

1000 SO. BASCOM AVENUE

SAN JOSE, CA 95128
408-998-5900

Serving the world’s Radio Amateurs
since 1933.

Hllinois

TOWER ELECTRONICS CORP.
24001 ALICIA PARKWAY
MISSION VIEJO, CA 92675
714-768-8900

Authorized Yaesu Sales & Service.
Mail orders welcome.

ERICKSON COMMUNICATIONS, INC.
5935 NORTH MILWAUKEE AVE.
CHICAGO, IL 60646

312-631-5181

Hours: 9:30-9 Mon. & Th.; 9:30-5
Tu, Wed, Fri.; 9-3 Sat.

Colorado

KLAUS RADIO, INC.

8400 NORTH PIONEER PARKWAY
PEORIA, IL 61614

309-691-4840

Let us quote your Amateur needs.

MILE-HI COMMUNICATIONS, INC.
1970 SOUTH NAVAJO

DENVER, CO 80223
303-936-7108

Rocky Mountain’'s newest

ham store. Lee Tingle KgLT.

SPECTRONICS, INC.

1009 GARFIELD STREET
OAK PARK, IL 60304
312-848-6777

Chicagoland’'s Amateur Radio
leader.

Connecticut

Indiana

ARCOMM ELECTRONICS

2865 MAIN STREET
BRIDGEPORT, CT 06606
203-335-9850

Featuring Ten-Tec and DenTron.

HOOSIER ELECTRONICS, INC.

P. 0. BOX 2001

TERRE HAUTE, IN 47802
812-238-1456

Ham Headquarters of the Midwest.
Store in Meadows Shopping Center.

AUDIOTRONICS INC.

18 ISAAC STREET

NORWALK, CT 06850
203-838-4877

The Northeast's fastest growing
Ham Dept. dedicated to service.

Florida

KRYDER ELECTRONICS
GEORGETOWN NORTH
SHOPPING CENTER

2810 MAPLECREST RD.

FORT WAYNE, IN 46815
219-484-4946

We service what we sell. 10-9 T,
TH, F; 10-5 W, SAT.

lowa

AGL ELECTRONICS, INC.
1800-B DREW ST.
CLEARWATER, FL 33515
813-461-HAMS

West Coast’s only full service
Amateur Radio Store.

MARC'S

CENTRAL EQUIPMENT CO., INC.

18451 W. DIXIE HIGHWAY
NORTH MIAMI BEACH, FL 33160
305-932-1818

See Marc, WD4AAS, for complete
Amateur Sales & Service.

BOB SMITH ELECTRONICS
RFD #3, HIGHWAY 169 and 7
FT. DODGE, IA 50501
515-576-3886

For an EZ deal.

Kansas

ASSOCIATED RADIO

8012 CONSER P.O.B. 4327
OVERLAND PARK, KS 66204
913-381-5901

Amateur Radio’s Top Dealer.
Buy — Sell — Trade

Dby s Mottt birn Ty, Lontpc? Hoon Ry Ty for- compbeTe 22ty
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Amateur Radio Dealer

Kentucky

COHOON AMATEUR SUPPLY
HIGHWAY 475

TRENTON, KY 42286
502-886-4535

Yaesu, Ten-Tec, Tempo, DenTron.
Our service is the BEST.

MIDCOM ELECTRONICS, INC.
2506 SO. BRENTWOOD BLVD.
ST. LOUIS, MO 63144
314-961-9990

At Midcom 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

Maryland

Nebraska

COMM CENTER, INC.

9624 FT. MEADE ROAD

LAUREL PLAZA RT. 198

LAUREL, MD 20810
301-792-0600

New & Used Amateur Equipment.
Wilson, Ten-Tec, R. L. Drake, Tempo

COMMUNICATIONS CENTER, INC.
443 NORTH 48 ST.

LINCOLN, NE 68504
800-228-4097

Kenwood, Yaesu, Drake and more
at discount prices.

RADIO WORLD

ONEIDA COUNTY AIRPORT
TERMINAL BLDG.

ORISKANY, NY 13424
315-337-2622

New & Used ham equipment.

See Warren K2IXN or Bob WA2MSH.

PROFESSIONAL

ELECTRONICS CO., INC.
1710 JOAN AVENUE
BALTIMORE, MD 21234
301-661-2123
A professional place for amateurs.
Service-sales-design.

New Hampshire

Ohio

Massachusetts

EVANS RADIO, INC.

BOX 893, RT. 3A BOW JUNCTION
CONCORD, NH 03301
603-224-9961

lcom, DenTron & Yaesu dealer.

We service what we sell.

AMATEUR RADIO

SALES & SERVICE INC.
2187 E. LIVINGSTON AVE.
COLUMBUS, OH 43209
614-236-1625
Antennas for all services.

TUFTS RADIO ELECTRONICS
209 MYSTIC AVENUE
MEDFORD, MA 02155
617-395-8280

New England's friendliest
ham store.

New Jersey

ATKINSON & SMITH, INC.
17 LEWIS ST.
EATONTOWN, NJ 07724
201-542-2447

Ham supplies since ‘55"

Michigan

RADIO SUPPLY & ENGINEERING
1207 WEST 14 MILE ROAD
CLAWSON, M1 48017
313-435-5660

10001 Chalmers, Detroit, Ml
48213, 313-371-9050.

RADIOS UNLIMITED

1760 EASTON AVENUE
SOMERSET, NJ 08873
201-469-4599

New Jersey's newest

complete Amateur Radio center

Minnesota

ELECTRONIC CENTER, INC.
127 THIRD AVENUE NORTH
MINNEAPOLIS, MN 55401
612-371-5240

ECI is still your best buy.

PAL ELECTRONICS INC.
3452 FREMONT AVE. NORTH
MINNEAPOLIS, MN 55412
612-521-4662

The Midwest’'s Fastest Growing
Ham Dealer.

Missouri

HAM RADIO CENTER, INC.
8340-42 OLIVE BLVD.

ST. LOUIS, MO 63132
800-325-3636

See Our Ads

In This Issue.

THE BARGAIN BROTHERS
216 SCOTCH ROAD

GLEN ROC SHOPPING CTR.
WEST TRENTON, NJ 06828
609-883-2050

A million parts - lowest prices
anywhere. Call us!

UNIVERSAL AMATEUR RADIO, INC.

1280 AIDA DRIVE

REYNOLDSBURG, (COLUMBUS) OH
43068

614-866-HAMS

Drake, Yaesu, Ten-Tec, KDK, Wilson,

DenTron, Tempo, Sigma.

Oklahoma

RADIO STORE, INC.

2102 SOUTHWEST 59th ST.
(AT 59th & S. PENNSYLVANIA)
OKLAHOMA CITY, OK 73119
405-682-2929

New and used equipment —
parts and supply.

Oregon

New Mexico

PORTLAND RADIO SUPPLY CO.
1234 S.W. STARK STREET
PORTLAND, OREGON 97205
503-228-8647

Second location, 1133 S. Riverside
Avenue, Medford, OR 97501.

ELECTRONIC MODULE

601 N. TURNER

HOBBS, NM 88240
505-397-3012

Yaesu, Kenwood, Swan, DenTron,
Tempo, Atlas, Wilson, Cushcraft

Pennsylvania

New York

ARTCO ELECTRONICS

302 WYOMING AVENUE
KINGSTON, PA 18704
717-288-8585

The largest variety of semiconduc-
tors in Northeastern Pennsylvania

ADIRONDACK RADIO SUPPLY, INC.

185 W. MAIN STREET
AMSTERDAM, NY 12010
518-842-8350

Yaesu dealer for the Northeast.

ELECTRONIC EXCHANGE
136 N. MAIN STREET
SOUDERTON, PA 18964
215-723-1200

New & Used Amateur Radio
sales and service.
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‘““HAM" BUERGER, INC.
68 N. YORK ROAD
WILLOW GROVE, PA 15090
215-659-5900
Communications specialists.
Sales and service.

HAMTRONICS, DIV. OF
TREVOSE ELECT.

4033 BROWNSVILLE ROAD
TREVOSE, PA 19047
215-357-1400

Same location for 25 years.

Tennessee

GERMANTOWN AMATEUR SUPPLY
3203 SUMMER AVE.

MEMPHIS, TN 38112
800-238-6168

No monkey business. Call

Toll Free.

Texas

AGL ELECTRONICS

3068 FOREST LANE, SUITE 309
DALLAS, TX 75234
214-241-6414 (within Texas)
Qut-of-State, Call our toll-free
number 800-527-7418.

HARDIN ELECTRONICS
5635 E. ROSEDALE

FT. WORTH, TX 76112
817-461-9761

Your Full Line Authorized
Yaesu Dealer.

ALL-MODE VHF
amplifiers

FOR BASE STATION & REPEATER USE

MODEL |  INPUT oUTPUT PRICE
V70 10-20W 70-90W | $298

v 1-5W BO-7OW | $329
V130 25-40W | 110-130W | $380
V131 1-5W 110-130W | 5410

V135 510W | 110-130W | $419
V180 B-15W | 180-200W | $525

Universal 19" Rack Mount $25

* All units: Harmonics exceed
— 60 dB specification of FCC
R&0O 20777

# 1150r 230V AC

?r 60dB Spurious

#r Fully Protected Output
¥ Internal T/R Switch
¥ U.S. Manufactured

7r 19" Rack Panel Option
7 Size8-1/2x13x7"H

7r 143-149 MHz No Tuning
% AM - FM - CW - SSB

7r Low Harmonics

vr Heavy Duty

¥r No Power Supply Needed
#r Nluminated Panel Meter
7+ 4+ 13.5V/3 Amp Socket

Only two things are needed to put this power house on the air with your
handy-talky or mobile transceiver: a two foot piece of coaxial cable and a
115 or 230 volt AC outlet. That's all. You do not need anything else. The
mabile transceiver can be powered directly from the accessory socket
located in the rear panel of the RFPL amplifier. It puts out + 13.5 volts at 3
amperes. This is suflicient for powering most 15 watt transceivers.

il |
@ ‘ VISA
o, DEALER INQUIRIES INVITED setara

Il RF POWER LABS, INC.

FUNER T11013-118th Place N.E.» " glon 98033 + T
LABS

(206) B22-1251 = TELEX No. 32-1042

Wisconsin

AMATEUR

ELECTRONIC SUPPLY, INC.
4828 WEST FOND du LAC AVENUE
MILWAUKEE, WI 53216
414-444-4200
Open Mon & Fri 9-9, Tues, Wed,
Thurs, 9-5:30, Sat, 9-3.

Washington

AMATEUR RADIO SUPPLY CO.
6213 13TH AVENUE SOUTH
SEATTLE, WA 98108
206-767-3222

First in Ham Radio in Washington
Northwest Bird Distributor

Wyoming

DENCO COMMUNICATIONS CENTER
1728 EAST 2nd STREET

CASPER, WY 82601

307-234-9197

Sales, Service to Wyoming

and the Northern Rockies.
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ALL BAND TRAP ANTENNAS!

R C—— 3% Al 3ol

ALL 5 BAND OPERATION - ONLY ONE FOR ALL MAKES AMATEUR HF TRANS-
NEAT SMALL ANTENNA. FOR CONGESTED MITTERS - TRANSRECEIVERS - GUARAN-
HOUSING AND APARTMENT DWELLERS! TEED FOR 2,000 WATTS PEP. POWER.
LIGHT, NEAT - ALMOST INVISIBLE! FOR NOVICE AND ALL CLASS AMATEURS!

COMPLETE AS SHOWN total length 1021t. with 901t of 52 ohm. RG58U coax and PL259 connector-
Insulators. Ready to put up with 307t Dacron end support cordsl Wt 3 Ibs,, 1"X'5"” MOLDED RESON-
ANT TRAPS - you just switch your transmitter to desired band for excellent reports!

NO EXTRA TUNERS, BALUNS OR GADGETS NEEDED! ELIMINATES 5 SEPARATE ANTENNAS-
EXCELLENT PERF’OﬁMANC[ GUARANTEED. CAN BE USED IN ATTICS., TOPS OF BUILDINGS.

INVERTED OR OPEH Vs IN MINIMUM SPACE OF 25'X 75" TOTAL! (less for 4 & 3 band
models) NO SUPPORT NEEDED, NO HAYWIRE HOUSE APPEARANCE - NOT A KIT -
COMP I.ETELY !SSE ED. No tuning = cutting - soldering - measuring - JUST HANG IT, CON-
NECT IT AND USE IT! 5WR 1S 1.2 AT RESONQNCE AND ALL BANDS ARE COVERED TO
EDGES with reasonable SWR. THOUSANDS IN USE - EASIEST INSTALLATION OF ALL AM-
ATEUR ANTENNAS - FULL DETAILS FURNISHED.

80-40-20-15-10 meter bands---102 ft. with 90 ft. RG58U co~x - connector -Model 998BU. . .
40-20-15-10 meter bands---54 ft. with 80 ft. RG58U coax - connector -Model 1001BU . . . .
20-15-10 meter bands - 26ft. with 90 ft. RG58U coax - connector - Model 100TBU

Send only $5.00 (cash, ck., mo.) and pay postman balance plus COD postage on arrival OR SEND
FULL PRICE FOR POST PAID DEL. IN USA (Canada Is $5.00 extra far postage - clerical -
customs - etc.) or order by MAIL OR PHONE with Bank Americard VISA -- MASTER CHARGE --
OR AMER. EXPRESS. Give number and ex. date. Ph 1-308-236-5333 week ltln SAM - GPM. We
shio in 2-3 days. INFLATION? PRICES MAY INCREASE - SAVE - ORDER NOW!

FREE INFO. AVAILABLE ONLY FROM.

WESTERN ELECTRONICS  Dept. AH-5 Kearney, Nebraska, 68847

More Details? CHECK — OFF Page 150




FAMOUS HAMTRONICS PREAMPS

let you hear the weak ones!

Great for OSCAR, 558, FM, ATV. Ovwer 10,000 in

use throughout the world on oll types of receivers,

P9 Kit
P14 Wired $24.95

Deluxe vhf model for app= _
lications where space permits,

—

512.95

®1-1/2 x 3" ®Covers any 4 MHz band ®12 Vdc
®ldeal for OSCAR ®Diode protection ®20dB gain

MODEL RANGE
Pe-LO 26-88 MHz
P9-HI 88-172 MHz
P9-220 172-230 MHz
P14 Wired Give exact band
. 1 PB Kit $10.95
-, _m} P16 Wired 521.95

Miniature VHF model for

®Covers any 4 MHz band tight spaces = size only

®20dB goin  ®12 Vde  1/2 x 2-3/8 inches.
MODEL  RANGE
P8-LO 20-83 MHz
P8-HI 83-190 MH:
P8-220  220-230 MHz

P16 Wired Give exact band

P15 Kit $18.95

P35 Wired $34.95

® Covers any 6 MHz bond in
UHF range of 380-520 MHz

020 dB gain ®Low noise

&

BUILD UP YOUR OWN GEAR FOR OSCAR CW
OPERATION, FM REPEATERS, CONTROL LINKS
eprofessional Sounding Audio ®Free of Spurs
*Completely Stable ®Built=in Testing Aids

140 11 Channel 200 MW Exciter Kit for 2M or
SMbond...oisesesrsnsinnrrnrssninn $39.95
120 Tripler/Driver Kit,

on 432-450 MHz band. .. v svevrniass $19.95

Use with T40 for operation

BRAAAAAAddddddddd

T80 RF POWER AMPLIFIER MODULES FOR ABOVE
oMo tuning ®VSWR Protected eWired and Tested
®Rated for Continuous Duty - Great for Repeaters
T80-150: 140-175 MHz, 20-25W autput $79.95
T80-450: 430-470 MHz, 13=15W output  §79.95

AT LAST! A 2 METER SSB

- % & % 8

TRANSVERTER

At a price you can afford

Use inexpensive recycled 10 or 11 meter ssb exciter on 2 meters.

FEATURES:

@ Linear Converter for 558, CW, FM, etc,

® A fraction of the price of other units

®2W p.e.p. output with 5 MW of drive

®Use low power tap on exciter or attenuator pad
®Easy to align with built=in test points

VX2-( ) TRANSVERTER KIT $59.95
A25 Optional Cabinet for Xverter&PA $20

let you receive OSCAR signals and other exciting
SSB, CW, & FM activity on your present HF receiver. |

S J J ineluding erystal

MODEL RF RANGE (MHZ) 1-F RANGE
C50 50-52 28-30

Cl44 144-146 28-30

Cl45 145-147 (OSCAR) 28-30

Cl4é 146~148 28-30

cli1o0 Aircraft 28-30

C220 220 band 28-30
Special Other i=f & of ranges available

VHF/UHF FM RCVR KITS

NEW GENERATION RECEIVERS

MORE SENSITIVE *MORE SELECTIVE (70 or 100 dB)

COMMERCIAL GRADE DESIGN
EASY TO ALIGN WITH BUILT-IN TEST CKTS
LOWER OVERALL COST THAM EVER BEFORE

R70 é=channel VHF Receiver Kit for 2ZM, 6M, 10M,
220 MHz, or com'l bands..sevsrevans $69.95
Optional xtal filter for 100 dB adj chan 10,00

R?0 UHF Receiver Kit for any 2 MHz segment of
380-520 MHz band. .. .uveuanennnes $89.95

either one

~ONLY $34.95

)
)
)
h
h
)
Frequency Schemes Available: :
VX2-4 2B-30 - 144-146 Other frequency )
VX2-5 28-29 = 145-146 ranges available
VX2-6 26-28 = 144-146 on special order

2M LINEAR POWER AMPLIFIERS:
LPA 2-15 Kit 15W p,e.p. $69.95
LPA 2-70 Kit 70 W p.e.p. $139.95

)
2
)
]
MODEL RF RANGE (MHZ) |-F RANGE )
C432-2  432-434 28-30 )
C432-5  435-437(OSCAR) 28-30 )
C432-7  427.25 61.25 )
C432-9 439.25 61.25 :
Special Other i=f & rf ranges available )
A9 Extruded Alum Case/Connectors $12.95 :
40 PAGE CATALOG 15 YOURS FOR THE ASKING |
IT'S EASY TO ORDER! ,
OCALL OR WRITE NOW FOR FREE
CATALOG OR TO PLACE ORDER! )
QPHONE 716-663-9254. (Answering
service evenings and weekends for your con=
venience. Personal service 9=5 eastern time.) )
QUse credit coard, c.o.d., check, m.o.
QOAdd $2.00 shipping & handling. )
IN CANADA, send to Comtec; 5605 Westluke Ave; )
Montreal, Que H4W 2N3 or phone 514-482-2640, )
Add 28% to cover duty, tax, ond exchange rate, ]

182-C Belmont Rd: Rochester, NY 14612




OFFICIAL
N. Y. STATE

CONVENTION

Rathester
HAMFEST

MAY 20, 21, 1978

Monroe County Fairgrounds
Route 15A and Calkins Road
Rochester, New York

HUGE INDOOR e _—.
AND OUTDOOR EQUIPMENT BY
FLEA MARKETS THEWATIIGe
OUTDOOR LEADING

FLEA MANUFACTURERS
MARKET FCC EXAMS

RUNS FORUMS, SEMINARS
CONTINUOUSLY

LADIES’ PROGRAMS

FROM FRI. NOON. AWARDS BANQUET

$1.00 PER SPACE

Hotel Headquarters

ROCHESTER

MARRIOTT INN

(Route 15 at Thruway
Exit 46)

P.0. BOX 9912
ROCHESTER, NY 14623
716-359-1800

Call or Write Hotel
Direct for Reservations

Hamfest Admission:
$3.50 in advance

$4.00 at the door

combination Registration
and banquet

only $12.00 in advance
Advance sale closes May 13

Exhibitors call Ash Palmer,
K2EAW at 716-338-2180 days
only. For other info call
716-424-1100 days only, or
write: Rochester Hamlest, Box
1388, Rochester,

NY 14603.

SLEP SPECIALS

COLLINS, COLLINS

KWM-1 TRANSCEIVER WITH 516F-1 POWER SUPPLY . . $600.00
KWM-2 TRANSCEIVER WITH PM-2 POWER SUPPLY 750.00
KWM-2 TRANSCEIVER WITH 516F-2 POWER SUPPLY 900.00
KWM-2A TRANSCEIVER WITH 516F-2 POWER SUPPLY. 1,900.00

755-1 RECEIVER. .. ....... . 375.00
TSI RECEINER: /i i s liinn sl s i 475.00
TES-ABRECEIVER .« c.vivvivemaisasiseisisies 650.00
I55-ACRECEIVER . .. ccavn viomommmnssssosnsvesnnss 1.350.00
325-1 TRANSMITTERWITHS16F-2 ............. 550.00
325-3TRANSMITTERWITHS16F-2 . . ... . ... ... .. 950.00
325-3A TRANSMITTERWITHSB16F-2. .. . ... ... .. > 1,550.00
312B-4 STATION CONSOLE . .. .. e P 245.00
312B-5STATION CONSOLEIVFO. . ............ooo... 450,00
30L-1 LINEARAMPLIFIER. .. ..covvnvvnnnnnnneennnns 550.00
180S-1 ANTENNATUNER3-30MHz. . ................ 375.00
CC-2CARRYINGCASEKWM-2 ... ... ............... 65.00
CP:-1 CRYSTALPACKET ... cuuvaiinsnannnsanssssns 350.00
302C-3 DIRECTIONAL WATTMETER . . ............... 150.00
515-1RECEIVER2THRU30OMHz. . ... ... .......... 2,900.00
75A-4 RECEIVER 160-1O0METER. .. .................. 450.00
A-388/URR RECEIVER 500 Hz THRU 30 MHz. ... .. .. .. 375.00
R-389/URR VLF RECEIVER TUNES 15 kHz THRU

0,1 B e R R T T S O T AT PR P YT 550.00

R-390/URR REGEIVER TUNES 500 Hz THRU 30,5 MHz .. 550.00
COLLINS 479T-2 VOR/ILS AIRCRAFT SIGNAL GENERATOR
108-135.95 AND 329.3-335MHz. .. .. ............... 225.00
COLLINS MILITARY TRC-752 THRU 30 MHz, 1 KW
AM/SSB/ICW/FSK COMMUNICATION SYSTEM, SIZE 482 "L
x 302 "W x 20"H, WT. 325 LBS., GOVERNMENT COST
$60,000... ABUY AT G Rk 950.00
ALL USED EQUIPMENT TESTED IN OUR AUTHORIZED COL-
LINS SERVICE SHOP, SATISFACTION GUARANTEED. SEND
CHECK OR MASTER CHARGE ACCEPTED, FOB OTTO, N.C.,
N.C. RESIDENTS ADD 4% N.C. SALES TAX.
NEED ANTENNAS? SEE OUR AD PAGE 132, MARCH ISSUE
“HAM RADIO.”
WE BUY-SELL-TRADE ON NEW OR USED COLLINS EQUIPMENT LET US
QUOTE YOU ON YOUR NEEDS OR MAKE OFFER ON WHAT YOU HAVE TO SELL
WE ALSO BUY MILITARY SURPLUS COLLINS AVIONICS, GROUND AND TEST
EQUIPMENT. WRITE OR PHONE BILL SLEP (704) 524-7519

Koo

P O BOX 100, US HWY 441 DEPT HR-4
OTTO. NORTH CAROLINA 28763

”
New!

Get prepared!

)

QSO tape for the new exams.

Code kit
$19.95

Tape only

$4.95

Kantronics Speed-Building Kit

Lawrence Kansas 66044

To pass the new FCC code exams, you'll need to identify
unusual names, places, antenna heights, rig types and a variety
of other items gamered from simulated QSOs.

Now you can really study for the new exams with the
Kantronics QSO Tape! Our C-60 cassette sends simulated
“on-the-air” transmissions at 7', 10, 13, and 15 WPM.

The QSO Tape generates sharp, crisp code to exact
Morse specifications, just as the FCC does. Order your
QSO Tape with Speed-Building Kit, or separately, today!
Our other fine tapes are also available at 5, 7V2, 10, 13, 16 and
20 WPM speeds.

EEKANTRONICS

The Lightweight Champs

Telephone 913 B42 7745
1202 East 23rd St




Clegg FM-28
Now only $329.95!

ORDER NOW AND SAVE! TEST IT

FM’'ers have made this Because Clegg wants to
YOURSELF

Clegg FM-28 the most give this FM-28 extra expo-
popular transceiver in sure, here's a special,

AT OUR
RISK!

Thousands of 2 Meter

many areas of the country. limited-time offer. Place
Compare these specifica- your order today and you
tions and you can see why! can purchase this excep-

144-148 MHz coverage on tional transceiver at $30.00 | Try this FM-28 in your
both receive and transmit  off the regular low price. | own shack for ten
25 Watts output That's right—you can own days. If you'’re not
Digitally synthesized this FM-28 for only completely satisfied
Non-standard repeater splits  $329.95! with this superior
5 KHz steps DON'T HESITATE! transceiver, simply
Modular construction Call Clegg today for full return it for full refund
Compact, rugged design details on this and all the of purchase price.
.25 uv receiver sensitivity other advanced Clegg
Large “S” meter products. Toll-free 1-
Bright 6 digit frequency 800-233-0250. In Pennsyl-
display vania call collect 717-299-
Super selectivity with 15 7221.
poles IF filtering plus 5pole  Clegg Communications
front end filter Corp., 1911 Old Homestead
Multi-purpose accessory Lane, Greenfield Industrial FOR RELIABILITY

receptacle

2%

AF PWH VOL % 50

Park East, Lanc. PA17601.

BAND

TX OFFSET

N

More Details? CHECK — OFF Page 150
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The 1978 Atlanta HamFestival
and
Georgia State ARRL Convention
June 3-4, 1978

Downtown Atlanta Marriott Hotel

GIANT covered Fleamarket/Swapshop! * 140 Major Exhibits!

More than 50 Forums/Meetings! Special MICROPROCESSOR Section!
FCC Exams! Programs for Ladies & Children!
Parking for thousands of cars! Activities Galore!

Registration: $3 per person IN ADVANCE, $4 at the door
Ladies & Children FREE!

If you do not receive a Preregistration Packet by May 1st, write:

Atlanta HamFestival 1978
100 Woodlawn Drive
Marietta, Georgia 30067

or call Area 404/971-HAMS anytime day or night (PLEASE DO NOT CALL BEFORE MAY 1st)

Hotel Rate: $26 per day single OR double!

Write for Hotel Reservations to:
Marriott Hotel * Courtland at International Blvd. ® Atlanta, GA 30303
or phone: Area 404/659-6500 and hurry, hurry, hurry!

THE BEST HAMFEST IN THE WORLD!

RTTY for ALL Systems

K-ENTERPRISES

Freqyency Counters
Prescalers wlﬁm
MODEL 400 Marker & Peaking Fmru:y

Write for Free Catalog
Box 410 (Pump Sta, Rd.) Fairland, 0K 74343
3 Phone: 918-676-3752

. |Amateur TV Converter

. 7 Use your TV to see hams on TV

. Varactor tuned 420-450 MHz. Com
piete with regulated AC supply. Guaranteed 2 years —

569 95 postpaid. Semi-kit — $39.95

Spectrum Analyzer Kit | nru instructions). . ... $23.95

Color, Dol/Bar Generator KHs. . . . . ... ... from $39.95

T.
;nm FOR FREE CATALDG  Dept nH BOX 393

science workshop [GEIZTXRRINT

ELECTROCOM‘“ “SERIES 400"
FREQUENCY SHIFT CONVERTERS

Professionally engineered for outstanding
performance, stability, and reliability, the
Electrocom® Models 400 and 402 add new
dimensions ol compatibilily between radio
and teletypewriter systems. Manufactured lo
highest quality standards—an Electrocom
tradition for nearly two decades—these units
are ideal lor military, government, commer-
cial, civil defense and amateur applications
The Model 400 front panel digital knob accu-
rately selects shifts up to 1000 Hz., while two
such knobs on the Model 402 independently
set the mark and space frequencies. Both
models may also be preset with any tone pair
between 1000 and 3200 Hz

Optimum performance with FSK or AFSK

systems 15 assured by matched lilters, pre
cision linear detectors, baud rate selector
bias compensation, and semi-diversily cir
cuitry. Operation is enhanced by a CRT
monitor, autostar! with solid-state motor
switching, antispace, markhold, EIA/MIL
output voltages, and a constant current loop
supply. In addition, various options are
available including rack mounting and polar
current output

Write or call us for complele product de
tauls and specifications. Learn why Electro-
com*® “400" Converters are designed nol
only for today s communication environ-
ment. but ultimately to fullill RTTY require-
ments lor years 10 come

I NDUSTRIES
’6 1105 N. IRONWOOD DRIVE, SOUTH BEND, INDIANA 46615

144 [[B may 1978

Telephone

NEW ELECTRONIC PARTS

IC'S - TRANSISTORS -PROTOBOARDS - RESISTORS
CAPACITORS - DIODES - SWITCHES - CONNECTORS
VOLTAGE REGULATORS - CABINETS - NEAT SINKS
FUSES & MUCH MORE--STAMP BRINGS CATALOG

SPECIALS
KEYBOARR zE!I:IC LOSURIPE.E"»“

14 B3 3 $15.20°
14 13 3 $16.50°

BLUE BASE SPECIFY
WHITE Ill BLACK ToP

EﬁEADBOARD

$

X 6-1 7 . )

\ a, N ~ LF *sweene I;l.::ll.l';:;
{j- N~ .” NuData Electronics

L7 jpd w EMINSON 31 MOUNT PROSPICT ILLINGIS  SOO%E

More Details? CHECK — OFF Page 150



blue.bot.tle (blu bot 1), 1. a large blowfly that has a bluc abdomen and a
hairy body. 2. any similar fly. 3. cornflower.

blue chip, 1. a poker chip ol high value. 2. Colloq. anything of high value or
quality. —blue -chip | adj.

blue line (blu lin) n. 1. A line of high
power RF Amplifiers manufactured
by VHF Engineering, which arc
known for being of the very highest
quality and the best value available. 2
Any high power RF Amplifier cover-
ing from 2-30 MHz, or 140-170 MHz
or 210-230 MHz 430-480 M, _
which has a unique *“thermal transfer blue™ finish and 1s manufactured by
VHF Engincering. 3. A high gain RF Power Amplifier which has the
versatility of going from class C (FM) to linear (SSB) with the flip of a
4. Call or write: VHF Engincering, 320 Water. Street, Binghamton,
Phone 607-723-9574

Or

switch,

Y. 13901,
BLUE LINE HIGH POWER AMPLIFIERS

Power Power

Model Frequency Input Output Price
BLB 2/60 50 MHz 2w 60W 159.95
BLC 10/70 144 MHz 10W 70W 139.95
BLC 2/70 144 MHz 2w 70W 159.95
BLC 10/150 144 MHz 10W 150W 259.95
BLC 30/150 144 MHz 30w 150W 239.95
BLD 2/60 220 MHz 2w 60W 159,95
BLD 10/60 220 MHz 10W 60W 139.95
BLD 10/120 220 MHz 10W 120W 259.95
BLE 10/40 420 MHz 10W 40w 139.95
BLE 2/40 420 MHz 2w 40w 159.95
BLE 30/80 420 MHz 30w 8OW 259.95
BLE 10/80 420 MHz 10W sOW 289.95

ol a temperance society.
extending

blue ribbon, 1. first prize. 2. badge

Blue Ridge, range of the Appalachian Mountains, from kL

NEED TO POWER YOUR 25-35 WATT TRANSCEIVER AND YOUR  Just Look At These Features:

PA 140/30 OR PA 140/10? NOW AVAILABLE...

Ower-voltage protection crowbar
Electrostatic shield for added

Price $249.95

OURPS 3012. ..
THE BRUTE

At last a brute of a power supply that will
deliver regulated 11-14VDC at 30 amp
and at a very affordable price. The
PS3012 is a ruggedly built, fully
protected power supply. This is the
power supply that is destined to become
the standard of the industry.

Wired & tested

Other models available.

. 25 amps at 12VDC
. *15 amps, 12VDC

hf engineering

13901./ Phone 607-723-9574
DIVISION OF BROWNIAN ELECTRONICS CORP,

omnl-u- rodio manulachue s mwlflum

320WATER ST.

-$134.95
- $94.95

Wired & tested - $159.95, Kit
Wired & tested - $124.95, Kit

/ BINGHAMTON, N.Y.

transient surge protection

A foldback output limiter
operates for loads outside of the
operating range.

Isalation from ground, The circuit
is isolated from the case and
ground.
115/230
cycle.
Units are factory wired for 115
volt AC, 50/60 cycle power. A
simple jJumper will reconfigure the
input for 230 wvolt AC, 50/60
cycles.
Temperature range
09 10 60° C.

Black anodized aluminum finish,

volt  input 50/60

operating:

master charge
i

R

Prices and specifications subject to change withour notice, Export prices are slightly higher.

More Details? CHECK — OFF Page 150
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Join thousands of Ham Radio
& Computer Enthusiasts
gathering for the Southwest’s
top Ham & Hacker Huddle.
With a giant flea market on a
paved lot, timely seminars, top
trade exhibits, family field trips,
ladies’ programs, great prizes,
and a big barbeque,
Ham-Com/78 will be too
much to miss.

Come to Dallas!!

. FCC Tests All Day - Giant Flea Market

* Microprocessor Seminar * Antenna
Seminar - Ham Radio & the Law * RTTY and
Microprocessors * AMSAT Demonstrations
* Fun Activities for the Whole Family

™™ YES, | will be attending Ham-Com/78! ™ ™= 1

Please Issue, in my name, Pre-Registrations for
NAME Ham-Com/78 @ 8$5.00/person .. ......c.ccvavvenans .
ADDRESS We will need rooms for people
@ $16.00/person (double occupancy) .........oveee.. .
Please reserve Flea Market spaces (each spaceis
I STATE ZIp a one car parking slot) @ $3.00 €8 .....covvvrvnrnnss 5 I
I Send check or money order to: I have enclosed my check or money orderfor........ I

Ham-Com/78, 3321 Towerwood Drive, Suite 101, Dallas, Texas 75234

Repeater Jammers Running You Ragged? D&V RADIO PARTS

Here's a portable direction finder
that REALLY works—on AM,
FM, pulsed signals and random
noise! Unique left-right DF
allows you to take accurate (up
to 2°)and fast bearings, even on
short bursts. Its 3dB antenna
gain and .06 4V typical DF sen
sitivity  allow  this  crystal-
controlled unit to hear and posi-
tively track a weak signal at very
long ranges—while the built-in
RF gain control with 120 dB
range permits positive DF to
within a few feet of the transmit
ter. It has no 180" ambiguity
and the antenna can be rotated
for horizontal polarization.

The DF is battery-powered, can be used with accessory antennas, and is 12/24V for
use in vehicles or aircraft. It is available in the 140-1560 MHz VHF band and/or
220-230 MHz UHF band. This DF has been successful in locating malicious inter
ference sources, as well as hidden transmitters in "“T-hunts”,

in RFI situations.

Midiand 13-510 Midland 13-513
L * Synthesized » Synthesized
Price for the single band unit is $170, for the VHF/UHF dual band unit is $205, plus * 144-148 MHz o 220-225 MHz
crystals. Write or call for information and free brochure. ® 1 or 25 walls * 1,10, 20 walts
Reg. $399.95 Reg. $499.95
L-TRONICS OUR PRICE $348™ OUR PRICE $438™

5546 Cathedral Oaks Road

WBGUX (Attention Ham Dept.)
Santa Barbara, CA 93111

VARIABLE & THIMMEH CAPACITOAS-HF CHOKES -
AIR WOUND COILS-TOROIDS D THAU'S-
TUBULAR TRIMMERS -KNOES W IRE-COUFLINGS -
TRANSMATCH COMPONRENTS,
No minimum order-low cost shipping.
First class stamp for complete flyer.
12805 W, SARLE, FREELAND, MICHIGAN LB623

FOR LEASE OR SALE

Communication/Electronic Planl — Indusinal sec-
tion beautitul Coral Gables, FL — Hdq. many large
domestic and loreign corporations. — 30,000 plus
sq. I, Ottice/Production/Assembly — Parking area
suited future expansion — MIA International Airport
5 mi. Write Edtior Corporation, 1816 Brevard PI.,
Camden, SC 29020

GOING 2 OR 2207

GET ON WITH THE BEST:

ELTs, and noise sources

Master Charge and VISA welcome.

blll'bﬂnll electronics, inc.
2308 MAGNOLIA BOULEVARD
BURBANK, CALIFORNIA 91506
(213) 843-1647

WDGEESW
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There’s
nothing
likeit =

““callbook

Respected worldwide as
the only complete authority
for radio amateur

QSL and QTH information.

The U. S. Callbook has over
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 300,000 calls,
names and addresses of ama-
teurs outside of the USA.

U.S. Callhook $14.95
Foreign Callhook  $13.95

Order from your favorite electron-
ics dealer or direct from the pub-
lisher. All direct orders add $1.50 for
shipping. lllinois residents add 5%
Sales Tax.

RADID AMATEUR " b I(
ca OO K nc

Dept. E 925 Sherwood Drive
Lake Bluff, I1I. 60044

(j

£
PROGRA

[

pRsg
5

—

Available From The Following Fine Dealers

Long's Electronics

2808 Seventh Avenue South
Birmingham, AL 25233
(205) 252-7580

(205) 252-8085

Power Communications
6012 N, 27th Avenue
Phoenix, AZ 85017
(602) 242-6030

Henry Radio, Inc.
931 N, Euclid
Anaheim, CA 92801
(7T14) 772-9200

Ham Radio Outlet
2620 W. La Palma
Anaheim, CA 92801
(714) 761-3033

{213) B60-2040

Ham Radio Outlet

999 Howard Avenue
Burlingame, CA 94010
(415) 342.5757

Henry Radio, Inc.

11240 West Olympic Avenue
Los Angeles, CA 90064
(213) 4476701

Ham Radio Outlet
5375 Keamny Villa Road
San Diego, CA 92123
(7 14) 560-4900

or use coupon below

R
oEa

Your

Most Called Numbers

™M ) with a

ngle Key Punch!
M

MNow you can dial up to 18 complete 7 or
8-digit phone numbers by punching only
K| No
Uy Ly

one (or two) keys on your pad

The AD-1 Auto Dialer's 10 number capacity
RAM can be completely programmed from
its own pad in less than a minute

The optional field - installable factory-programmed
ROM adds 8 more numbers for $4.95
The AD-1 is ideal for mobile autopatches

home or business use. It features a

unique MOS microprocessor which

permits both tone duration and spacing

to be programmed along with the num-

bers, adding versatility for repeater or

similar control functions. Its crystal controlled

tone generator assures high stability over

a wide temperature range. The AD-1 is fully
automatic and foolproof in operation. Coil cord
provides convenient connection to your rig. See it at your
Amateur Radio distributor or use the coupon below today

m See us at the

Dayton Hamvention

Advanced Electronic Applications, Inc.
P.O. Box 2160, Lynnwood, Washington 98036

Ham Radio Outlet
13754 Victory Boulevard
Van Nuys, CA 91401
(213)988-2212

Conley Radio Supply
318 North 16th Street
Billings, MT, 59101
(406) 25995564

Communications Center
22286 North 48th Streat
Lincoln, NE 68504

(402) 466.8402

Amateur Electronic Supply
621 Commonwealth Avenue
Orlando, FL 32803

(305) B94-3238
?;ggrsal Amateur Radio
Aida Drive
?“:I;)E';fa‘l:o“i“ Reynoldsburg, OH 43068
e Street (614) BB6-4267
Denver, CO 80202
(303) 893-5525 Amateur Electronic Supply

28940 Euclid Avenue
Wicklitfe, OH 44092
(216) 585-7388

Kennedy Associates
2618 Rigsby Avenue
San Antonio, TX 78222
(512) 333.6110

Erickson Communications
5835 North Milwaukee Avenue
Chicago, lllinois 60646
312)631-5181

Tutts Electronics Radio
209 Mystic Avenue
Medford, MA 02155
(617) 395-8280

C-Comm

6115 15th Avenue, NW
Seattle, WA 98107
|206) T84-7337

G. D. 5. Electronics

West 3711 Strong Road
Spokane, WA 99208

(508) 328-0133

Amateur Electronic Supply
4828 West Fond du Lac Avenue
Milwaukee, Wi 53216

(414) 442-4200

Electronic Distributors
1960 Peck Street
Muskegon, Ml 49441
(616) 726-3196

Henry Radio, Inc.
211 North Main Streel
Butler, MO 64730
(816) 679-3127

More Details? CHECK — OFF Page 150

Advanced Electronic Appli

P.O. Box 2160, Lynnwood, Washington 98036

&=

cations, Inc. Pleasesend _____ AD.] Auto Dialers at $129.95

NOTE: Mail orders add $2.00 shipping/handling

Name . Call _____ residents include 5.4% state sales tax

Address [JCheck or money order for § enclosed
City [ Charge my VISA/MASTER CHARGE #

State lip Card expures Signature
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a NEW antenna principle

PROVEN IN EXACTING TESTS AND MANY YEARS ON THE AIR AT WgMBH — KgAST — KBVRM

BEAM
THE M ANTENNA

A COMPLETELY NEW ANTENNA

Here is an ultra which can be tuned to anr frequency between 7.0 and 14.5

MHz. Weighing onl 18 lhs. this antenna may not outperform a full sized beam but it sure will give

yo? rl'nur share of !f and stateside contacts. Will har:::lla 1 KW over a 100 kHz bandwidth.

* Fully weather proo * Hi-Q, attenuates harmonics

« Mounts easily on TV masting + Comes assembled & tested KITS 10-40 $122.50

* Figure B pattern $149 50
Add $3 trans.

LITTLE GIANT MODEL 100X1000-40
Little Giant Antenna Labs, Box 245, Vaughnsville, Ohio 45893

Other models available for 10, 15 & 20 meters
Subsidiary "Apollo Products" Village-Twig Co.

419-646-3495

COPY MORSE CODE

with the new MVD-1000

Apollo Products-Little Giant Trans Systems Tuner Kit — $122.50

Designed and engi d after "Apollo” — "Little Giant"" 2500X-2, for an "engineered
performance' Trans Systems Tuner and Adaptations of the Lew McCoy Transmatch, with

power handling at the KW plus level!

Kit includes:

1 200 pfd wide-spaced varnable
with isolantite insulation  rated

3,000 volts

1 200 pfd dual section parallel
condenser isolantited
2 linger-grip  pointer
diam. white indented

1 pvc insulated shalt couplings

G to 35

I heavy inductance for 10-1520
40-80 meters

6 pvc sland.offs, 4 for condensers
and 2 for inductance

1 HD switch for band caltching 10
thru BO meter coverage

1 pkg 12-gauge tinned round wire
Cabinet included — Apolio “Sha
dow Boxes" M Kit includes sche
matic, Recommend parts layout
INFO NOTE *377 OHM and **&00
OHM "ODpen wire spaced ladder

knobs 2"

3 50.239 coax chassis conneclors line” air dialectric

Tunes 52 ohm or 52.300-600° or

random wires

*53 x wire diam, **B4 x wire diam
info anly — not supplied

Apollo Products, Box 245, Vaughnsville, Ohio 45893  419-646-3435

Subsidiary “'Little Giant Antenna Labs"

MORSE VIDEO DISPLAY

Enjoy Morse Code copy on your TV
Screen
Displays letters, numbers, and
punctuation
16 lines of 32 characters per page
2 page display with Recall feature
Automatic scrolling
Automatic or Manual speed control
Copy Morse Code from 6-60 WPM
Easily connects between receiver and
TV set

Write for more information
MK-1 Memory Keyer $169.95

CMOS PCB Keyer $24.95

DGM ELECTRONICS

787 BRIAR LANE, BELOIT, WIS. 53511

11

MFJ ANTENNA TUNER
Wadal WF J. 1

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 MF) 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. If 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 wail any longer to operate on
all bands. Order today.

MFJ ENTERPRISES

P. O. Box 494
Mississippi State, MS 39762

Call Toll Free

Seeour HAM MART
listings to find the

Amateur Radio
dealers nearest you.

NEWSFLASH!
QOur ad (p. 124) turned your head. now we'd like 1o turn your
beam! SPECIAL INTRODUCTORY OFFER, GOOD UNTIL MAY 31
Brand new CDE rotors at unbelievable wholesale prices, de
livered 10 your door via UPS or mator freight, Ham 1IIT™ —
$119 50, Tail Twister ™™ — $205, CD44 — $99.50. We are
distributors, and we ship right from our warehouse, there's
no counter, no store, and no middieman' When you need a full
line of anlenna goodies tune in on the Tower Power irom Plano,
and talk 1o TEXAS TOWERS c/o0 Gerald Williamson, K5GW, 113
Starlite Dr., Plano, TX 75074. (214) 423-2376 nites/weekends

800-647-8660

RADIO WORLD

CENTRAL NEW YORK'S FASTEST
GROWING HAM DEALER

-

- FT-101E ICOM IC-211
Featuring - Yaesu, ICOM, Drake, Atlas, Den-
Tron, Ten-Tec, Swan, Regency, Standard,
Tempo, KLM, Hy-Gain, Mosley, Larsen,

Midland, Wilson, Southwest Tech Products.
We service everything we sell! Write or call for

&

Warren TERMINAL BUILDING Bob
K2IXN ORISKANY, NY 13424 WA2MSH
315-337-2622

quote. YEVU WON'T BIE DIS&PPOII‘:ITTEEI.
e are just a few minutes off the
QIMa ys Thruway (1-90) - Exit 32,

RADIO WORLD

ONEIDA COUNTY AIRPORT




COLLINS & MORE
Ham Gear

Collins 18051, Antenna tuner 325
Collins 51)4 w/SSB Mod, like new 5
Collins 312B4, Sta. Cntl,, rd., exc. 250
Collins 312B5, Vfo Console, vy gd 550
Collins 312B5, Vfo Console, new, orig. ?g;

Collins 3253, Transmitter, rnd., exc. 95
Collins 7553, Ham receiver, vy gd 25
Collins 75538, Ham receiver, vy Ed 695
Collins 75A4, Ham receiver, vy g 25
Collins 5151, 2-30MHz rcvr Special
Hammarlund SP-600JX, .5-50MHz rcu;gs

Collins CP-1 Crystal Pack 195
FREDERICKS:
Model 1200 FSK demodulator exc, 95
Model 1250 vert. disp. unit, exc. 75
Model 1500 HF receiver, exc. 795
Model 1550 synthesizer, exc. 95

Racal 6217E, .5-30MHz receiver  Special
New R390A receivers available. Call for

Test Gear

Blue M temp. cont. water bath SPB-103

Cl, new 250
Measurements Mod. 658, LF sig. gen. $365
M gments 260A ter, exc. 525
Measurements Model BO, 2-400 MHz ;?u

gen. $
Tektronix 585A, scope, B0-MHz I:anduil;l;g

We stock good, wused equipment from Collins,
Drake, Heath and other manufacturers, Hundreds
of test ilems also available. Call for specific re-
quirements, or

write for free catalog.

DAMES COMMUNICATION SYSTEMS
201-998-4256
10 SCHUYLER AVENUE
NORTH ARLINGTON, N. J. 07032

All equipment sold checked
and realigned

TRANSMITTER MODULE KIT

5 wall input monoband cw transmilter and VFO on
a3* x5" p. c. board operates from 12 VOC
$59.95 ppd USA
Companion Receiver Module $39.95 ppd USA
160, 80, 40, or 20 melers
SPECIFY BAND DESIRED WITH YOUR ORDER
ORDER FROM
DIRECT CONVERSION TECHNIQUE
3132 North Lowell Avenue
Chicago, lllinois 60641

BULLEY ELECTRONICS

P. 0. BOX 19442 DALLAS, TEXAS 75219

PHONE ORDERS (214/823-3240) ON MASTERCHARGE & VISA

! ULTRASONIG SENDER-REGEIVER K

I usoz

TOTAL SECURITY! Complemsly invisible ultrmsonic (2IKHZ] Sound besm works (ke s photosieciric besm but s uneflected
by light, heat or nolse. Seperate  Transmitter and Mecelver can be used from & inches to 25 fest! A olid ohiect bresking the
brar couves a0 output 10 go low that will sink up 10 150 MA to Drive & Aelay, TRIAC, #ic. Complele slecironion are provided
Works on 12VDC (unreguisted] and draws iess than 100 MA U (1 1o burgler slarms, object countern, sutomatic door opener,

rat wragl?) and mare.
2150 |

dood balls
COMPLETE KIT LESS CASES

Optional #ntry detay and Atwm Timeout Ciiocun 396
will source o wink up 1o 200 MA DC

PS-14 HIGH CURRENT REGULATED
POWER SUPPLY KIT

SPECIAL
SALE
TIL 313 LED
Commun Angde
T Sagrment
Fawdout
37 Cherecter

Sunderd Pinoul

A low cost, no Inlls, heavy duty power supply e P
Desigredd Tor use and abuse! iy 5
12V @ 15ACONTINUOUS, /" o™ e
Better than 200MV load & line regulation eLErs &t JACKS Phaingecstincs8
Faloback Current Lomiting mount 1/8
Short Cocunt Protected shafi
Therimal Shutdown mnn::.".
Adjustabite Current Limiting Sincls For abive
Lt thsti 1% vipple 39 95 "o
15 amps 11.5 10 14 5V "
Al parts supphied  including  heavy  duty UPS SHIPPING
toanslonmer e : LIMITED QTY
Quality plated iberglass PC board PAID! n;-l-Ln;.:: ::;.:..

POWER SUPPLY ACCESSORIES
Quality 3% Meters for PS-14 (0-25A; 0-15 VDC)
Individually Packaged. Not Surplus $12.95/set

Screw
Tarminals
T aN
F500 mIoBTHY
205 o
/e 08

RDER OVP—1

—>» BIRD WATCHERS <&

Don't be absurd, buy a BIRD!
. . . from your Bird distributor

ALL ITEMS AND ELEMENTS
ORDINARILY IN STOCK

Prepaid Shipment in Continental USA Only

MADISON
ELECTRONICS SUPPLY, INC.

1508 McKINNEY HOUSTON, TEXAS 77002
713/658-0268 Nites 713/497-5683

More Details? CHECK —OFF Page 150

Cheap insurance for expensive equipment.
Protects your equipment from overvotage con-
ditions. Circuit fires an SCR that clamps the
output to ground when the trip point is reached.
Adjustable from 3 to 30 VDC. Eor use on fused
power supplies. Complete with PC board & all
necessary components. No power supply re-

uired.
6.95

HEATSHRINK
TUBING
A very good At
at 37327 VA
INE" & VAT in
@ inch lengthy
12 preces 1ot
L

This item FREE
Wil purchase

of 16 00 & mors

oy Rymrn iy

MOBILE CLOCK CALENDAR KIT

MG-01 ELECTRONIC GRANDFATHER CLOCK

While we are 1alking sbout clocks check out the MINI GRAND

Baerma ke svarybody salls digital clock kit howessr FATHER CLOCK HAeviewed In  Apidl 1978 HADIO
we have the only low cont DIGITAL CLOCK / ELECTRONICS. We nave the only kit in the world with all the
CALENDAR tor Mobile apsrstion We provioe quslity below livted festuren The biggent problem i 1o describe how

Dlated’ Wrough hole Dosrds 8nd Sted-ty ¥I8D inatrue
tons parts overlays BRd dchamatics This clocs hes
mrany TBEtureE BNG we oDl 8 The Darts but e small

unigue  snd lescinating this
“Bwinging " Pendulum end

timeplece really ! The LED
Matching Tick Tock Soumd ae

wvailsbie only on our clock In addition the wiectronic “bell

soasker. F for car, bost oe V. . -

Ih— :‘u‘:.u s .5;’,\2."::;“1 notes each hout (e 3 times for 3 o'clockl. Housed in the

LO1% AC st b ignitian optionsl Solid Hardwood Case, the unit makes a besunilul sddition
lanking turns 1o any room

2 4DIGIT LED

v weith AMIPM off readouts whan

not in use
oFiapaitable alasm with

+54 DIGIT LED READOUT
»Adjustabile tone & duration

Snoore on chime
' *Special “Bleso T imer sSimulated swinging
*Specisl none Bnd LED Panculum
OvarvoItag [ ateEtion 23.50 no case

for mobile uwe
Aun iy output will
deive tmiwy or THIAC

12 VAC XFMA for 110 VAC

*AI CMOS Comtruction
slluslity plated boards

=All minctronics pwitches
*  and XFMA included

3995 it 59.96 asEme

10 cONLol ax teinsl

24 Hour_F ormst sdd
ahulpmant 200

inches el Il des
SOLID HARDWOOD 1768

ISV Tant Axisl
BV Tant Asisl

Optionsl Solid Herdwood ﬂ:- tor MG-01 Clock owver 10
uby

rant Unatsermtied
SOLID WALNUT 1805

CAPS
100V OC Mylar L3
SOVOEC Myler L]
400VDC Mylar &
ISV Tent Asial !
L
5,
“
]

R R
ZENER GRAB BAG A very nice suoriment of 10 ditferent @
woltegey between 3 Tw and 30 VDC in 400 MW, SW and 1W :
All are prime units but most have Migs numbers We supply
# Crons reference sheet 10 s1anderd numben.

10 plecns 1.00

SR ESEENEERIB ENNENBENNRIRNRERERsEnE

.
L4
.
-
-

Parts w
12 -
1 Gmia -
Tmfa L d
4lmtd @
MCI4B6BA %A pouiive Voltage Rep.  Mouses 128 2Imld @
MC1351P FM IF and Sound System 50 g::::: :
CAJ0Y Widetiand IF Amp IC Houses 50 Tty
MMEITS B Digit Algrm Clock Chip 295 E00wia -
555 Timer & Pulie Gen Chip a9 1100mia @
141 Op amps 8 pin MINI DIP 20
LM3900  QUAD OF AMP a9
123 Poy Voitage Fleg DIF it .
125 Wltre low ol high gain Houiee 99 -
Op amo 4
NESESA FLL DIP &0 . ’ i
TCA40 Qusd Audio Oscillator Dip w0 . SPECIAL PRICE
MIS00. MJ1000, Matched Pair BA Darfington Pair/3.00 .
ING1T4R Switching Diodes 25/1.00
INISES NPN Silicon Switching B/1.00
wNIN2 NPN Small Signal 8/1.00 .
IN4343 P Channel J Fe 47100
2NB028 Programmabie Unjjunciion 2/1.00
NG PNP Mad Power 1100
20w TO220

* Mo CODs

THE SMALL PRINT
* Al oroers sad
heck or MO 5% '::I shinaing

tlan
* Orders ungsr  ao0d 10% foi
810 00 73

nanaling

whipping
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AdyerTiSers
check-off

... for literature, in a hurry — we'll
rush your name to the companies
whose names you “‘check-off”

Place your check mark in the space
name and number, Ex: Ham Radio

etween
234

INDEX

AGL 658 Info-Tech 351
ALDA 625 Integ. Circuits 518
Adv. Elect, Supply 677 int, Crystal 066
Aldeico 347 James Elect i
Am. Elesct. Supply 659 Jan 067
Amidon 005 Jones 626
Antenna Mart 009 K Enterprises on
Anthor 547 KLM 073
Apoilo on Kantronices 505
Atlinta Hamfes: * Kenwood *
Atlantic Surplus (22 Kester *
Allas 188 Klaus 430
Bencher 629 L Tronics 576
Budwig 233 Lalayette 508
Bullet m Larsen o078
Burbank 669 Litthe Gaant _on
Burghardt 530 Long's 468
CFP 022 Lurar 577
CiIR 548 Lyle 373
Cal Com i vd MF.J 082
Cucuit Spec. 026 Madison *
Clegg 07 McKay Dymek 51
Communications NuData 455

Cantar Oak Hill Am. Radio
Comm. Spec T30 Sess 213
Cont. Spec 348 Oproslectronics 352
Cormell Dubilier 241 Palomar 093
Crystal Banking 573 Partridge 43
Curtis Electro o34 Pipo 481
Cushcratt 035 P.C.P 648

Cygrus. Quasar 545
D&V Aadio *

DGM 458

DS 656

Dames Comm 551
Damas, Ted 324
Data Signal 270
Davis Elnct 132
DenTron 258
Direct Conv. Tech 676
Dric-Cap 4449
Orake

Edfior *

ET.0.*

Electrocom 663
Elect [Dnsir (44

Elect. Equip. Bank 288
Eng. Specialtes *
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AGL would like you

to know that
we're now a \/A\ESU
dealer witha
big stock of their
latest and best gear!

Have you Ihought aboul Yaesu's FT-901D seres
ol competition grade HF transcewers? Take the
FT-9010M for example; an all-mode transceiver
designed fo give you the competilive edge either at
home or on a DX-pedition. Look al these features:
rejection tuning. variable IF bandwidth tuning, and
audio peak frequency tuning. plus digital and analog
Irequency display, a buill-in Curtis 8043 keyer chip,
and much, much more! Come in — call — or write
TODAY, and make you own dream come lrue

AGL also takes great pride in
stocking these other great lines
of Amateur radio equipment.

ICOM]
D

195,74

e

engineering

DRAKE

[@xENWOOD|
Deniron_

Radio Co..Inc

IDLAN

1 sk
L] I&HNAHCJNAL

To @usFEn

‘the home of originals’

We'll see you in Baton Rouge
May 6th and 7th!

@ TOLL FREE AT

1-800-527-7418

CALLUSTODAY
ViIsSA
CALL 214-241-6414 (in Texas)

ART KSTRG GORDON N5AU
MIKE NSFL MIKE NSMP
TOM K5TM BOB WSXC

We service and repair all major lines of
Amateur Radio equipment.

(AGL &lectronics)

3068 FOREST LANE, SUITE 309
DALLAS, TEXAS 75234

AdyerTisers iNdeX

AGL Electronics

ALDA Commurications
Advanced Electronic Apphcanon
Aldeico .
Amateur Electronic Supply
Amidon Assocates
Antanina Mart

Anther Antenna

Apallo Products

Atlanta Hamfest

Atlantc Sutplus Sales
Atlas Radio

Banchor, Inc

Burbank Electionics
Burghardt Amateur Conter
CFP Cammunications

CIR Industres, Inc

Cal Com Systems

Circuit Specialists

Cli

Communscations Conter
Communications Speculmts
Continental Specalies
Crystal Banking Service
Curtes Eloctro Devices
Cusheralt

Cygnus Ouasai Books

D&V Radio Pars

DGM Electromcs

DS Instruments

Dames Communications Systams
Dames, Ted

Data Signal, Ing

Davis Elsctiomes

DenTron Radio Company
Direct Conversion Technsue
Disc Cap

Drake Co. AL

Edfior Corporation

Ehrhorn Technological Dpera tions
Electrocom Indusines
Electronic Dstrbutars
Electranic Equiprment Bank
Engineenng Specialies
Epnilon Records

Erschson Communica tionm
Essary Enterprises

FT Accessones

Fox Tango Com

GLB

Gem Cuad Products

Giffer Associates.

Godbont Elecironics

Gray Electronics

Gregory Electionics

Gull Elwctronics.

Hal Comimunications Comp
Hal- Tronix

Ham- Com ‘T8

Ham Radic Conter

Ham Rpdio Horgon
Hamironics, Inc

Heath Company

Heghts Mig, Co

Henry Radio Siodes

leom

Info-Tech

Integrated Circuins Unlrmited
International Crystal

Jamis Electronss

Jan Crysiaks

Jones, Marin P B Assoc
K-Enterprmes

KLM Elgctronics, Ing
Kantiomcs

Trvo Koo Commumnications, Inc
Kestor Sokder

Klaus Radio, Ine

L Tromics

Lafayette Rad Electroncs

Larsen Antennas

Litthe Giant [Apolo Producisl

Long's Electromics

Lunai Electromes

Lyte Products

MF J Enterpries.

Madson Eleciionic Supply

McKay Dyrek

NuData Electronics

Oak Hill Academy Amateur Rado Session
ieC troncs
mar Engineets

Pipo Comrur »
Prented Circunt Products
Pyrormd Data

HF Power Labs

Radio Systems Technakogy, Inc
Radw World

Ramsey Electroncs
Regancy Electiomes
Rochester Hambes)

Unareo Raho

55T Electromcs

Saviry ElecHones

Scmnce Workshop
Sherwood Engenesnng
Siep Electronica Co

Sald State T

Space Elecnomncs
Spectronics

Spectrur Communications
Spectium intermational
Swan Electronics

TPL Communications
Taylor Radia Co., Inc
Telrex Laboratories

Toxas Towers

Tri-Ex Tower Corporanon
Trintao Tower

Tufts Radio Electioncs
VHF Engmesning, Div, of Brownan
Vanguard Labs

Varwan, Esmac Divmion
Webster Assocates
Wemnschenker

Westorn Elecironics
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ALPHA 76A

PLATE CURRENT UL TIMETER

'—‘Ulllﬂl"I-—]

W omp WS MR

A RUGGED NEW BEAUTY IN A CLASS BY ITSELF

There are lots of so-called "Maximum Legal Power
linear amplifiers on the market. Why is it thal so many
knowledgable amateurs, after checking out (and often
owning) the others, ultimately choose an ALPHA?

For one thing, "maximum legal power doesn't begin
to tell the whole story. Nearly all manufacturers’ ratings
implicitly assume an amateur service duty cycle much
lessthan 100%. Even the terms “continuous and “100%,
duty have been so debased in recent years as o be
meaningless unless explicitly defined. The conse-
quence, too often, 1s a power transformer or tube going
up in smoke during a long operating period

Every ALPHA amplifier is unequivocally rated to run
a ful) 1000 watts of confinuous, average d-c power input,
in any mode, with No Time Limit (NTL). You could leave
your ALPHA (ANY ALPHA) all day with a brick on the
key, at a kilowatt input (or at 2 KW PEP input, two-
tone SSB) without hurting it. In fact, you could leave
it for weeks: last year we ran a standard ALPHA 76 key-
down at a kilowatt for 18 days without ill effect. That's
ALPHA POWER. To top it off, your new ALPHA is pro-
tected by ETO's exclusive 18 MONTH factory warranty
—SIX TIMES AS LONG as the industry-standard 90 days!
Now that DOES pretty much tell the whole story

What's new with the ALPHA 76A7 We haveni tampered
with success. Behind thal sleek new exterior is the same
robuslt, reliable, easy-lo-use powerhouse thal January
QST described with such phrases as, "Typically excel-
lent ETO construction excellent efficiency
y tunes smoothly . and runs cool
and quiet

The basic ALPHA 76 components and circuit remain
unchanged for very good reason: hundreds of 76's in
service over the past two years have suffered NOT ONE
SINGLE INSTANCE of transformer burn-out, and vir-
tually no tube failures—Iless than 0.1%! That record is
particularly remarkable when you consider the extent
to which owners take their ALPHA's for granted

We think the new ALPHA 76A sels a standard for style
And ETO engineers have added a separate Plate Cur-
rent meter and a new push-button power control system,
making it even more convenient to use. But the real
beauty of every ALPHA linear amplifier i1s INSIDE the
cabinet . where engineering and craftsmanship tell
the whole story of ALPHA superiority

A few ALPHA's may still be available with factory-in-
stalled 10 meter coverage. Contact ETO or your dealer
today for detailed information and fast delivery. Six
meter ALPHA 76/6 available about June 1: $1095
Order now

ALPHA: Sure you can buy a cheaper linear . . . But is that REALLY what you want?

ET' Ehrhorn Technological Operations, Inc.

P.O. Box 708

Canon City. Colorado 81212

(303) 275-1613

More Details? CHECK — OFF Page 150
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Call Toll Free

_h Q.E-E 4
T

for these antennas:

1-800-633-3410

LARSEN
MM-LM-150K

The % wave length 2m anten-
na has a 49" stainless steel
rod, quadruple plated, and
coil for 144-174 MHz. Coil
threads: 5/16" x 24. 3 dB gain
over Y4 wave.

The mount has a low, roof-
hugging silhouette, magnets
guaranteed permanent in or-
dinary use. Full capacitance
coupling, 12 ft. of RG-58 A/U
coax and connector, accepts
5/16" x 24 threads.

38.45 call for yours today.

HUSTLER
BBLT-144
5% antenna

BBLT-144 features: » 3.4 dB
gain over Y4 wave antennas
e 200 watts FM power rating
e Whip & mount, 52" high
¢ 1.1:1 typical SWR at
resonance ® Sturdy stainless
steel impact spring e 17-7
stainless radiator ® Trunk lip
mount, easy installation, no
drilling required

28.75 call for yours today.

HYGAIN
14AVQ/WB
10-40 meter
antenna

Features: e Taper swaged
seamless aluminum con-
struction * Omnidirectional
performance e Auto band
switching ® Wide band per-
formance with one setting
* Hy-Q traps with large
diameter coils ® 12" double-
grip mast bracket ® Low
angle radiation ® SO-239
connector ® 50 ohm inputim-
pedance

60.30 call for yours today.

HyGain 14 RMQ roof mount kit

for 14AQV/WB .......... 26.06

7

‘1;‘;_'2( 5
bl

4

~— ” i

HYGAIN 64B
4-element 6 meter beam

The 64B has a unidirectional pattern
and special VHF Beta Match configura-
tion, plus: ® 12.7 dB gain * 20-25 dB
F/Bratio® 1 KW input ® SWR less than
151 52 ohm impedance ® 911"
longest element ® 12' boom length = 8’
turning radius ® 80 MPH wind load,
28.2 Ibs. * 100 MPH max. wind survival
e Net wt. 10 Ibs. » 1.1 sq. ft. surface
area.

40.50 call for yours today.

HYGAIN TH3JR
compact 3-element
10-15-20 meter beam

Features: ® Average gain, 8 dB » F/B
ratio 25 dB » SWR (at resonance) less
than 1.5.1 ® Power rating 600 watts

PEP e Longest element, 24.2 ft.
* Boom length, 12 ft. » 14.3 ft. turning
radius ® B0 MPH wind load: B7 Ibs.
® Max. wind survival: 80 MPH = Net wt.
21 Ibs. ® Surface area, 3.4 sq. ft

130.05 call for yours today.

—

|
HYGAIN 205

5-element 2m beam

The 205 has 5 elements, optimum spac-
ed on a 75" boom, plux: ® Gain
(average), 11.3 dBi & 9.1 dBd * F/B
ratio, 20 dB * Max. SWR, 2:1 « 4 MHz
band width ® Max. power, 500 watts
PEP # Longest elerhent, 39%" & Net wt,
2.9 Ibs. ® Turning radius, 73"

16.95 call for yours today

Remember, you can call TOLL FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in
Alabama for our low price quote. Store hours: 9:00 AM til 5:30 PM, Monday thru Friday.

— Longs Electronics

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM, AL 35202 « STREET ADDRESS: 2808 7TH AVENUE SOUTH BIRMINGHAM, ALABAMA 35233

152 [ may 1978
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BOARDS INSIDE CABINET

1

mm oOm>

— I

2T xe

FRONT PANEL CONTROLS

CARR OSC unit

VOX unit

AF unit

IF unit AN
Filter unit

Noise Blanker/RF Processor
Rectifier unit
Rectifier unit

Power XFMR

Final Amplifier unit
VCO unit

TUNE control

PLL unit

RF unit

Counter Display unit
FM unit

Vox gain

Carrier level/keyer speed Design And Specifications Subject To
Audio Peak Frequency system Change Without Notice Or Obligation
MODE switch (SSB, CW, FSK, AM,

FM)
Crystal calibrator/Noise blanker

Rejection tuning/vanable IF passband 7
tuning i
Frequency memory system \

Digital plus analog frequency readout YAESU
Band switch (160-10 meters +
WWV/JJY receive)

\/
AT Gonber sl THE SYMBOL OF TECHNICAL EXCELLENGE

RF Processor level
RF attenuator

TUNE control (Places transmitter in Y&E@@

“TUNE" condition for ten seconds, then

returns 1o “receive” condition to protect [}

final tubes from excessive key-down e sm r ra 'o
time)

1C78

'Orm@r YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 (213) 633-4007

e ]

YAESU ELECTRONICS CORP., Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215



The first three of a new family of

Look at the numbers:

power tubes are available today T —— T —
from EIMAC. These ceramic-metal EIMAC | Typical CW Performance Data Maximum Ratings '
triodes provide the high power, gain Type Gain Power Frequency Plate | Maximum
and efficiency of tetrodes, along Output Y | Dissipation | Frequency
with long life and reliability up into | 3CX400U7 | 135dB | 225W 900MHz 40W | 1000MHE; |
the UHF spectrum. 3CX600U7 14.0dB 445W |  775MHz 600w | 1000MHz |
8938 | 128dB | 1570W | 400MHz 1500W |  500MHz |

EIMAC can supply cavity or cavity
design guidance for these tubes in
CW as well as pulse service. Be-
cause of the circuit simplicity of
triodes, this EIMAC family allows

vantage of simple cavity design. No
tricky screen bypass capacitors or
critical isolation circuits are re-

For full information, contact Varian,
EIMAC Division, 301 Industrial Way,

San Carlos, California 94070. Tele-
phone (415) 592-1221. Or call any
of the more than 30 Varian Electron
Device Group Sales Offices
throughout the world.

the circuit designer to take full ad- quired.

EIMACdelivers
_triode simplicity
with tetrode performance
at UHE

varian




: Send for your copy of the world’s

i largest selection of quality electronic
products in easy-to-build, money-
saving kit form! Nearly 400 kits in all

(A ! — all with Heath’s world-famous

AL~ = assembly manuals that take you

e | Step-by-step from unpacking to

=5yl | final plug-in.

=\ | il in card and mail today
[====="_ Please rush me my

personal copy of the
new Heathkit catalog.

| am not on your mailing list.

Name.

v Clty. State.
PC-126 Zip
_  HAM RADIO Dept. 122-410 |
(W ~
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specifications of nearly 400
electronic kits

including:
stereo compo-
nents; auto,
marine and
aircrafl acces-
sories; digital
clocks and
weather

"= nstruments;
B Amateur
Radio;
color TV;
personal
computers
and lots more!

ANVAINOO HLV3H
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