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FAMILY IN LINEAR AMPLIFIERS

IT'S AFACT...HENRY RADIO STILL PRODUCES THE BROADEST LINE OF SUPERIOR QUALITY AMPLIFIERS IN THE WORLD.
WHETHER FOR AMATEUR RADIO, COMMERCIAL OR MILITARY USE, WE OFFER A CHOICE OF FIELD PROVEN STATE-
OF-THE-ART UNITS TO FIT THE REQUIREMENTS AND BUDGETS OF THE MOST DISCRIMINATING USER,

i you want to move up to the very
best, this Is It. The 2K-4A offers en-
gineering, construction and fea-
tures second to none. Loafs
along at full legal power
for as long as you
wish. $1195.

P a oo % et/

q i‘:»- “ ). 5 ..the newest member of the famous Henry Radlo family of fine
~+«./ amplifiers. And we're still convinced that it's the world's finest linear in
its class. The 1KD-5 was designed for the amateur who wants the quality and dependabllity of the
2KD-5 and 2K-4, who may prefer the smaller size, lighter welght and lower price and who will settle
for a little less power. But make no mistake, the 1KD-5 is no slouch. Its 1200 watt PEP Input (700
watt PEP nominal output) along with its superb operating characteristics will still punch out clean
powerful signals...signals you'll be proud of. Compare Its specifications, Its features and its fine
components and we're sure you will agree that the 1KD-5 Is a superb value at only $695.

,: ; y [ "_’ We have been suggesting that you look Inside any amplifier before you

A buv it. We hope that you will. If you “lift the lid” on a 2KD-5 you will see

only the hlghesl quality, heavy duty components and careful workmanship...attributes that

promise a long life of continous operation in any mode at full legal power. The 2KD-5 is a 2000 watt

PEP input (1200 watt PEP nominal output) RF linear amplifier, covering the 80, 40, 20, and 15 meter

amateur bands. It operates with two Eimac 3-500Z glass envelope trlodes and a Pi-L plate circuit
with a rotary silver plated tank coil. Price $945.

And don't forget the rest of the Henry family of amateur amplifiers...the Tempo 2002 high power
VHF amplifier and the broad line of top quality solid state amplifiers. Henry Radlo also offers the
3K-A and 4K-Ultra superb high power H.F. amplifiers and a broad line of commercial FCC type
accepted amplifiers for two way FM communications covering the range to 500 MHz.

RSN

NEW TOLL FREE ORDER NUMBER: (800 421-6631 . a
For all states except California Uy !
Calif residents please call coliect on our regular numbers ]

I
11240 W.Olympic Blvd_, Los Angeles, Calif. 90064 213/477.6701
931 N. Euclid, Anaheim, Calif. 92801 71477729200
Butler, Missouri 64730 816/679-3127 -

Prices swbject lo changs withou! motice




A SWAN FOR EVERY NEED

Take alookatthe three hotiestnew  Talk State of the art, Versatilify, or Economy — SWAN'S

SB Transceivers this year. They're \ ’ ’ P <

2 made in America and theyre ail  famous “world’s best” Engineering team has designed a
from Swan. Whatever your complete line of Transceivers to suit your need.
dreams—from a compact fully
synthesized mobile to a full-blown
base station with dual PTO's—one
of these will bring them to reality
today. They're all solid state, all 235
Watts PEP and CW on all
frequencies, and most of all

they're affordable.

Most Advanced HF
Transceiver in the
World —ASTRO 150

HF SSB Transceiver featuring
“VRS'" a knob with a new twist, and
over 100,000 fully
microprocessor-controlled
frequencies on present or
envisioned “ham” bands.

1 High Power — Full 235 Watts
PEP & CW, all bands ] Truly
Synthesized in accurate 100Hz
steps [J Full CW Break-In with
narrow XTAL Filter O Standby : *
Memory — ALL BANDS [ True PEP (= =
output meter T Model 150 — 80 thru

10 meters ] Model 151 — 160 thru AFGAN

0 102 BX

i sEwn oFE BrY orr
BRE AR N

(" astao 180 ss8 TRANSCEIVER )
. waoE

use Ew
anl GAN [T

15 Meters RE¥MIC \"'cl'""‘ G N
Most Versatile HF 1 60M- 3 ) 0 .

10M Transceiver in the ‘ g Ty
World —ASTRO 102 BX 4

Dual PTO's, 235 Watts PEP & CW
on all frequencies, IF Passband
tuning. with LED position indicators
and full break-in.

O All solid state [J Modern design
and styling O Tunable notch filter ' :

J 4 Function Meter [ Speech ASTRO 150
Processor (0 VOX [0 Adjustable
AGC Decay ] 2 Position CW Wave
Shaping (1 16 Pole IF Filter

0O Crystal CW Filter O PLL
Synthesized Band Selection

Economy with top
SWAN quality and
mobility — 1 00MX

235 Watts PEP & CW on all
frequencies. The field-proven
Rig the whole world's talking
about.

O All solid-state T Modern design
and styling 0 VOX 0 Noise Blanker - - —

0 Semi-CW Break-in O RIT 5 . i .
Look to Swan for Quality Accessories . .. and Service

+1.5KHz 0 25 KHz Calibrator,

built-in O CW side tone with
A givision of Cubic Commurications. Inc

adjustable pitch and level O Internal
305 Airport Rd. ® Oceanside, Ca. 92054 e 714-757-7525

speaker [J Jack for external counter




New MFJ 3 & 1.5 KW Versa Tuners

Run up to 3 KW or 1.5 KW PEP and match everything from 1.8 thru
30 MHz: coax, balanced line, random wire. Built-in balun.

3 KW VERSA TUNER IV's 1.5 KW VERSA TUNER III'

|

L] ) = . __ .I
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These 6 new MFJ KW Versa Tuners let you run up to 3 KW or 1.5 KW Flip down stand tilts tuner for easy viewing.

PEP (depending on the model) and match any feediine continuously from Efficient, encapsulated 4:1 ferrite balun. 250 pf, 6000 volt capacitors
1.8 to 30 MHz: coax, balanced line or random wire. Gives maximum 18 position dual inductor, 17 amp, 3000 V ceramic rotary switch (3 KW
power transfer. Harmonic altenuaiio_n reduces TVI, (_)Ui of band emissions version). 12 position inductor, ceramic rotary switch (1.5 KW version).

All metal, low profile cabinet gives RFI protection, rigid construction, 2% meters. S0-239 coax connectors, ceramic feedthru for random wire
sleek styling. Black. Rich anodized aluminum front panel. 5x14x14 inches. and balanced line. One year limited warranty. Made in U.S.A.

3 KW VERSA TUNER IV’s @ MFJ-980 3 KW VERSA TUNER IV
[i] MFJ-984 3 KW VERSA TUNER IV g | L oo

EXCLUSIVE RF AMMETER
$29995 TRstres maiiniot power o anteani it The MFJ-980 is MFJ's lowest priced 3 KW Versa Tuner IV but has the
. same matching capabilities as the other 3 KW Versa Tuner IV's.
minimum SWR. Builtin dummy load, Features an efficient, encapsulated 4:1 ferrite balun for balanced lines.

This is MFJ's best 3 KW Versa Tuner IV. The MFJ-984 Deluxe 3 KW

I'.afersa Tuner IV gives you a combination of quality, performance, and
eatures that others can't touch at this price.
An exclusive 10 amp RF ammeter insures maximum power to antenna 1-5 KW VERSA TUNER '" ,S
at minimum SWR. A separate meter gives SWR, forward, reflected power
in 2 ranges (2000 and 200 watts)
Versatile antenna switch lets you select 2 coax lines thru tuner and 1 @ MFJ-962 15 Kw VEHSA TUNEH l"

thru or direct, or random wire, balanced line or dummy load. SWR, dual range forward and reflected
A 200 watt 50 ohm dummy load lets you tune your exciter off air for s 95 power meter, 6 position antenna
peak performance. Efficient, encapsulated 4:1 ferrite balun switch enca;:suhlsd 4:1 ferrite balun

1 o The MFJ-962 1.5 KW Versa Tuner Wl is an exceptional value.
@ MFJ 981 3 Kw VEHSA TUNEH v An accurate meter gives SWR. forward and reflected power in 2 ranges
Accurate meter gives SWR, forward (2000 and 200 watts).
$ 95 and reflected power in 2 ranges: 2000 A versatile six position antenna switch lets you select 2 coax lines thru
and 200 watts. 4:1 ferrite balun. tuner or direct, or random wire and balanced line. Encapsulated 4:1 balun.

The MFJ-981 3 KW Versa Tuner IV is one of MFJ's most popular Versa Black front panel has reverse lettering.

Tuners. An accurate meter gives you SWR, forward and reflected power

in 2 ranges: 2000 and 200 watts. Encapsulated 4:1 ferrite balun MFJ 961 1 5 Kw v T '"
) [6] - . ersa Tuner
@ MFJ'gaz 3 Kw VEHSA TUNEH Iv 6 position antenna switch lets you
Antenna switch lets you select 1 coax $1 4995 select 2 coax lines thru tuner or direct,

$1 9995 thru tuner and 2 coax thru tuner or or random wire and balanced line.
direct, or random wire and balanced line. The MFJ-961 1.5 KW Versa Tuner Ill gives you a versatile six position
The MFJ-982 3 KW Versa Tuner IV gives you a versatile 7 position an antenna switch. It lets you select 2 coax lines thru tuner or direct, or
tenna switch that lets you select 1 coax thru tuner and 2 coax thru tuner random wire and balanced line. Encapsulated 4:1 ferrite balun
or direct, or random wire and balanced line. Encapsulated 4:1 balun If you already have a SWR/wattmeter, the MFJ-961 is for you
If you already have a SWR/wattmeter, the MFJ 982 is for you Black front panel has reverse lettering

FOR YOUR NEAREST DEALER OR FOR ORDERS

cALL ToLL-FREE 800-647-1800

Why not visit your dealer today? Compare these 3 KW and 1.5 KW Versa Tuners to other tuners. You'll be convinced that its value,
quality and features make it a truly outstanding value. If no dealer is available, order direct from MFJ and try it. If not delighted,
return it within 30 days for a prompt refund (less shipping). Charge VISA, MC. Or mail check, money order plus $10 shipping/handling.

For technical information, order/repair status, in Mississippi, outside continental USA, call 601-323-5869.

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On [_7“-’ @

MFJ ENTERPRISES, INCI P:.lSc;‘;ISBp;zPTQS?TATE, MISSISSIPPI 39762
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f a second look
by Jim Fisk

The 1979 World Administrative Radio Conference (WARC) concluded just as the January issue was
going to press, so | was unable to comment editorially on our good fortune in Geneva. It's no secret that
I’'ve been cautiously optimistic about WARC for some time, and as | predicted almost a year ago, Amateur
Radio remains in possession of the same high-frequency spectrum as we've had for the past several
decades; three new HF bands are our bonus for the 1980s. The international Amateur Radio community
went to WARC very well prepared, thanks to long years of behind-the-scenes work by the International
Amateur Radio Union {1ARU), the various national societies, and dozens of Amateur Radio volunteers —
these are the same people who remained optimistic about WARC throughout the long years of preparation.
The Wizard of Woe, who expected WARC to be a complete disaster and forecast the end of Amateur
Radio in the 1980s, was last seen skipping off to the Land of Oz with one foot in his mouth.

| first became aware of plans to pursue new ham bands at 10, 18, and 24 MHz more than five years ago,
but quite frankly | considered the possibility of any new high-frequency spectrum as more pipe dream than
reality. When W1RU announced the new bands at the Dayton Hamfest in 1974, | think most amateurs
thought the pressure for new bands was a ploy to maintain the status quo; you know the old game: ask for
more than you want so you can keep what you already got. Apparently the movers and doers of Amateur
Radio who started preparing for WARC in the mid 1970s thought otherwise.

A. Prose Walker, W4BW, Chief of the FCC’s Amateur and Citizens Division in those years was in-
strumental in arranging for the propagation studies that were conducted to show how long-distance
Amateur communications links would be greatly enhanced and made more reliable with new allocations at
10, 18, and 24 MHz; Prose deserves a great deal of praise — and thanks — for getting the WARC prepara-
tions underway at such an early date. Without his foresight and experience | don’t think Amateur Radio
would have survived WARC in such good shape. Amateur Radio is also indebted to the dozens of
dedicated volunteers who served on the FCC’'s Amateur Radio Advisory Committees, often at great per-
sonal expense, and to the ARRL and IARU staffers who convinced other national societies to get their
WARC preparations underway early and then coordinated those activities.

What about those new bands? What are their propagation characteristics? How soon can we expect to
have them available for Amateur Radio use? To answer the last question first, it will be quite awhile before
you begin hearing ham signals on these bands; probably 1982 for 10 MHz, and not before 1985 for 18 and
24 MHz. The long delay for the top two bands is because Amateur Radio stations will not be permitted to
take possession of these exclusive frequencies until all existing fixed services have moved to new
assignments; the transition will occur between July, 1984, and July, 1989, so it will be nearly five years at
the earliest, and significantly longer if any of the present users feel like dragging their feet.

It may not be obvious, but the frequencies of the three new ham bands were very carefully chosen —
each band is very near the geometric mean of the two existing, adjacent bands. This is optimum band
placement for maximum propagation enhancement, so it should be possible to maintain long-distance
radio communications for many more hours each day than is possible with our present allocations.

Practically all of the new rigs which use phase-locked loops already cover the new bands (although they
are not presently programmed to transmit there); some will require simple modifications, but you can be
sure the manufacturers are already working on them — and will have mod kits available by the time the
new bands are opened. And when the new frequencies do become available, most of the equipment
makers will be marketing ham gear with even more features than they offer now! Thanks to WARC, the
future for Amateur Radio is bright, and the decade of the 1980s promises to be exciting — both to
Amateur Radio and to the technology which will become available to us.

Jim Fisk, WIHR
editor-in-chief

4 february 1980
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compactloop antenna

Dear HR:

W6TC’s article on the compact
loop antenna in October ham radio
essentially describes the antenna |
have used for several years. | impro-
vised the antenna out of desperation
because my station was over pure
sand, and grounded verticals simply
did not work. Contrary to the title of
his article, | was searching, not for a
DX antenna, but a general-purpose
antenna for all bands that would work
reasonably well in an area with ex-
tremely poor ground conductivity. In
addition, | wanted an antenna that
would cover the entire 75/80-meter
band. The antenna has satisfied all
these requirements.

The antenna books give the reso-
nant impedance of a full-wave loop as
about 105 ohms; measurements con-
firmed this figure. To cover the
75/80-meter band, the loop was cut
for about 3950 kHz (248 feet). A 17
pH roller coil in series with the un-
grounded side at the feed point reso-
nated the antenna at 3550 kHz. The
impedance had dropped to about 25
ohms. Fed with RG-8/U coax, the
antenna has an SWR never more
than 2:1.

The original antenna was in a pen-
tagon configuration. The feed point
was near ground, with the roller coil
in a weather-proof metal box. The
two ends of the loop sloped upwards
in a sort of ““inclined V*’ configuration
to the first pair of masts, one on
either side of the lot. With a manxi-
mum height of 20 feet, this antenna

was definitely not a DX antenna. It
was a high-angle radiator, as ex-
pected, but on 75 meters it outper-
formed a dipole at the same height up
to distances of 400 to 500 miles. At
increasing distance, even an ineffi-
cient vertical antenna did better.

In the CW portion of the 40-meter
band a series inductance of 9 uH is re-
quired for resonance. This results in
rather high rf voltages on the antenna
side of the coil, and an SWR of about
2.5:1. Numerous contacts with 1-watt
QRP CW on 40 meters, in the middle
of the day, at distances of several
hundred miles and with consistent
reports of S6-S9, indicate excellent
performance,

At my present station, the antenna
has been erected in a delta-loop con-
figuration with about the same re-
sults. Feeders have been dispensed
with (except for 10 feet of coax from
transmitter to tuner). Romex wire
carries the loop ends through the ceil-
ing of shack up to the peak of the
roof, and through the gable. (Since
I’'m in a remote area, | can get away
with this. However, | canrun a TV set
on rabbit ears in the shack — except
on 40 meters.)

W.S. Skeen, W6WR
Hornbrook, California

W3VT memory keyer
Dear HR:

A builder of the deluxe memory
keyer featured in the April issue has
written, pointing out that under some
conditions a slight click occurs in his
unit during manual sending each time

the keyer clock control line goes high.
This click was also present in the orig-
inal version, but was barely percep-
tible in the monitor and did not seem
objectionable; perhaps in some other
units it might be severe enough to be
a problem. Following is an explana-
tion and the solution.

The click occurs during manual
sending when sending from memory
has been stopped at a memory loca-
tion with a high data bit; this can hap-
pen when the memory is stopped by
the stop button or interrupted by
manual sending. The memory output
control U13B is held high by the low
on the keyer control line at U13B pin
10, inhibiting the output even though
the other three inputs (pins 9, 12, and
13) are high. When the control line
goes high, U3B inverts the control
line signal and applies the low to
U13B pin 9, which continues to inhib-
it memory output. There is a momen-
tary gap in the inhibition process,
however, due to propagation delay in
uU3B.

The cure is simple and requires
only slight surgery on the memory
board.

First, remove the keyer clock con-
trol lead from the designated eyelet
on the board. From this eyelet, con-
nect a 0.047-uF (or 0.1-uF) capacitor
to the nearby ground foil. Next, re-
move the jumper which connects the
clock control line to pin 9 of U4, and
replace the jumper with a 150-ohm
resistor. Connect a new jumper from
the bottom end of this resistor (near

(Continued on page 74)



Hustler: |

T e First Famil

of mobile amateur
two meter antennas!

None ¢an come close to us on the road. Th Hustler family
has a strong tradition of quality. Our performhance gives you
everything you want including maximum rafge, improved

s A '» gain and better SWR at resonance. ;}

Qurs' |3 a lasting tradition, too. Hustler ant
of on|y|the finest stainless steel and chrom
components So you get longer service quq

Quanty; Performance. Dependability. Durabjlity. It's all in i
the Hustler family. . .the First Family of two jmeter mobile
amatedr antennas.*

nas are made
plated

SPS-144
BBLT-144A

*Most models available in 1-1/4 meters

CGT-144

mmee. Florida 32741

* \Whno 4all WA
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VHF, UHF, AND MICROWAVE ALLOCATIONS for the Amateur Service by the World Administra-
tive Radio Conference (WARC) are just as impressive as those below 30 MHz. As outlined
here last month, all present VHF and UHF bands remain essentially unchanged for U.S.
Amateurs, though the replacement of Radio Location by the much more aggressive Fixed and
Mobile Services as co-Primary sharers of 220-225 MHz signals a problem with that band.
The addition of an Amateur Secondary allocation at 902-928 MHz is a positive move, and
an Amateur slot in that band could become available when the WARC accord becomes effec-
tive on January 1, 1982.

At Microwave, Amateur Radio did lose 1215-1240 MHz but kept 1240-1300 with a satel-
lite uplink subband at 1260-1270 MHz. The 2300-2450, 3300-3500, 5650-5925, and 10000-
10500 MHz bands all remained Amateur Secondary as before, but with new subbands on all
four for Amateur Satellite use. 24-24.25 GHz continues Amateur and Amateur Satellite,
but we now have worldwide allocations at 47-47.2, 75.7-81, 119.98-120.02, 142-149, and

« 241-250 GHz with a good portion of most, Amateur and Amateur Satellite Primary.

Morse Code Ability will still be required of Amateurs worldwide, but only below 30 MHz
instead of 144 MHz as before. Another regulation change provides for the use of the 3.5,
7.0, 10.1, 14.0, 18.068, 21.0, 24.89, and 144 MHz Amateur bands for emergency communica-
tions between both Amateur and other services during times of natural disaster. Resolu-
tion CR prohibits broadcasters from using 7.0-7.1 MHz, with more success, it's hoped,
than similar previous attempts.

Amateur Radio Came To Geneva as one of best — if not the very best — prepared of all
the services, and the results surely show it. Amateur Radio's tremendous success at the
WARC reflects more than five years of effort by the IARU, national societies, and individ-
ual Amateurs throughout the world. Special credit goes to the IARU's WARC delegation;
G2BVN, G5C0, and SP5FM, representing Region 1, HK3DEU and YV5PBG, Region 2; JAINET, ZL2AZ
and 9VIRH, Region 3; and VE3CJ, WI1RU, K1ZZ, W4KFC, WA6IDN, and WPBWJ, TARU Headquarters.
A heartfelt thanks from all Radio Amateurs.

AMATEUR RADIO'S STRONG WARC showing was due in no small part to the U.S. government's
very positive pro-Amateur Radio position, which in turn was the result of a well organi-
zed and hard working FCC Advisory Committee on Amateur Radio (ACAR). About 70 U.S. Ama-
teurs participated in the ACAR meetings, and their efforts are deserving of recognition.
The ACAR rostor reads: KICCL, WIHDQ, WIHGI, K1HZN, W1JR, WINLB, WINXY, WIRU and K1ZZ;
W2ALS, W2DEO, W2DU, W2ECH, W2GHK, W2HD, WA2INB, K2MGA, and W20D; W3ASK, W3BE, K3BRS,
W3BLC, K3DC, W3DXA, W3FU, W3GGO, W3ICM, WA3IHW, W3JPT, W3KMV, WA3LND, W30KN, W3PK, W3PS,
W3SWD, W3VW, WA3WRS, and W3XO0; W4AAW, WA4AJF, WABRB, WABW, K4BZ, KA4BZF, W4FZ, WA4GF,
K4GTS, WAJOP, K4KDY, W4KFC, WALVC, WB4ALWX, W4MB, WANSP, K4NSS, W400, KA4VOW, W4ZC, and
W4ZM; WSEYB; W6DW, W6EJK, W6GD, W6GNX, WA6GYD, K6HCP, K6HIJ, W6ISQ, WB6JPI, W6KAP, K6LFH,
WB6NMT, W60OHQ, W6SAI, W6UF, K6UQH, K6VGP, and W6ZH; KB9FO, WI9JUV, and WIKOI; WPAR, WPBWJ,
and WPIUF; and KH6IJ. The efforts of these Amateurs, often at considerable personal
sacrifice, should be appreciated by Amateurs worldwide. Thanks K4NSS for invaluable
assistance in preparation of this list, for which W9JUV takes sole responsibility‘for
errors and omissions. Any errors will be cheerfully corrected in next month's Ham Radio.
Current callsigns of ACAR members, if known, were used in the list.

TYPE ACCEPTANCE TESTING of solid-state linear amplifiers for the Amateur Service has
been reinstated, at least for a trial period through July lst, after FCC's unexplained
termination of the program in late 1978, which drew heavy fire from Ham Radio editor-in-
chief, WIHR. Ten Tec's new Model 444, the Hercules kilowatt linear, is being resubmitted
and could be available within the next several months.

"VOLUNTEER AMATEUR EXAMS ARE ILLEGAL!', the FCC's General Council declared at a Com-
mission meeting in late December. The bombshell announcement came as the Commissioners
discussed terminating Docket 20679, the Notice of Proposed Rule Making that would have
required volunteer examiners to submit photocopies of their licenses when requesting an
exam. The judgment appears to stem from recent Congressional concern that some govern-
ment agencies were improperly expanding their staffs without approval of Congress, by use
of volunteers and contractors. When the legal staff reviewed the volunteer program in
connection with Docket 20679, they concluded it is illegal and thus must be terminated.

What Effect Termination will have on existing training programs and U.S. Amateur growth,
not to mention the added burden on FCC's Field Offices, remains to be seen. For the first
three years of the Novice program its exams were all Field Office administered; responsi-
bility for Novice exams has rested with the Amateur Service since June, 1954.

A SUCCESSFUL LAUNCH of the Ariane LOl launch vehicle was carried out December 24th,
from Korou, French Guiana, after a 24-hour delay due to bad weather. Launch took place
at 17152, successfully putting a ballast payload into a highly elliptical Earth orbit
gimilar to the initial orbit expected for the AMSAT Phase III-A spacecraft.

The Test Proved to be an excellent dry run. Both the launch vehicle and the communi-
cations procedures to be used by the European Space Agency during and immediately after
a launch attempt worked well. The test clears the way for the LO2 mission, scheduled for
late May, 1980, which will carry the Phase ITI-A satellite.
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THE OMNI SYSTEM — tools of the trade for serious
DX operators, contesters, traffic, nets, or just rag
chewing — designed to give you the operating edge.

Simply Super. The keynote of a Ten-Tec OMNI is simplicity of
operation combined with super performance. No tricky con
trols, no distracting readings, no fussy adjustments. Your
yperating is pure enjoyment, unhampered by complexity,
enhanced by features that are meaningful, advanced by options
that are realistic

Instant Band Change—to catch the openings. Just flip the
bandswitch, no tuning the transmitter. A convenience originated
by Ten-Tec in modern transceivers

Full Break-In—for CW with perfect timing, for a real
conversation in code. And slow break-in at the flip of a switch to
suit band conditions or quiet mobile operation

Ultra Selectivity—to fit any band condition. Standard 2.4
kHz 8-pole crystal ladder filter for normal reception; optional
1.8 kHz filter ($55) operates in series with the 2.4 kHz filter to
transform an unreadable signal in heavy QRM into one that gets
the message through; optional 0.5 kHz 8-pole filter ($55)
provides steep, deep skirts to the CW passband window to cut
out even those strong adjacent signals; standard 150 Hz CW
active audio filters have three ranges (450, 300, 150 Hz) for
further attenuation of adjacent signals and band noise

Variable Notch Filter—to eliminate interfering carrers and
CW signals, Attenuation is more than 8 "'S" units (over 50 dB)

Six-Function Separate VFO—for complete versatility in
working DX. Independent transmit and receive frequencies with
OMNI; reversible at the touch of a button for full monitoring of
the action. Even allows simultaneous reception on both VFO
and OMNI with transmission on either. LEDs show status. An
optional operating bargain at $139

Speech Processor and Microphone—to extend your operat
ing range under adverse conditions by increasing average
envelope power without derating the OMNI power limits and
with minimum distortion. Model 234 is a true RF processor,
model 214 is a peak-free condenser microphone. An optional
systemn for optimum speech energy; 234 is $124, 214 is $39

Electronic Keyer—key to perfect CW. Styled to match
OMNI; self-completing; dit and dah memories with individual
automatic adjustable
magnetic paddle return; and more for just $85

defeat switches; variable weighting;

to completely power the OMNI
from

Matching Power Supply
system. Regulated, over-current protected,
OMNI or front panel, and only $139

Plus All These Famous Standard Features of OMNI—All
Solid-State, 160-10 Meters, Built-in VOX and PTT, Dual-Range
Receiver Offset Tuning, Wide Overload Capabilities, Adjustable
Sidetone Tone and Level, Exceptional Sensitivity, 200 Watts
Input, Adjustable ALC, 100% Duty Cycle, Phone Patch
Interface Jacks, Zero-Beat Switch, 'S''/SWR Meter, Dual
Speakers, Plug-In Circuit Boards, Complete Shielding, Rigid
Light-Weight Aluminum Construction, Comfortable Operating
Size (5%"h x 14%"w x 14"d)

Model 545 Series B OMNI-A (analog transceiver) $ 949

Model 546 Series B OMNI-D (digital transcejver) $1119

Get The Operating Edge — Get The OMNI System. See

your Ten-Tec dealer or write for full details

1r.1r'l'E N-TEC .
SEVIERVILLE. YENNESSEE 37882

TEN-TEC, HF equipment supplier to
Winter Olympics Radio Amateur Network (WORAN)
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A fresh idea!

Our new crop of tone equipment is the freshest thing growing
in the encoder/decoder field today. All tones are instantly
programmable by setting a dip switch; no counter is required.
Frequency accuracy is an astonishing + .1 Hz over all temper-
ature extremes. Multiple tone frequency operation is a snap
since the dip switch may be remoted. Our SS-32 encode only
model is programmed for all 32 CTCSS tones or all test tones,
touch-tones and burst-tones.
And, of course, there’s no
need to mention our
1 day delivery and

1 year warranty.

COM SPEC
1cC=107
i,

=

TS-32 Encoder-Decoder

® Size: 1.25"x2.0" x .40"

* High-pass tone filter included that may be muted
® Meets all new RS-220-A specifications

* Available in all 32 EIA standard CTCSS tones
S§S-32 Encoder

® Size: 9" x 1.3"x .40"

* Available with either Group A or Group B tones

Frequencies Available:

Group A
67.0 XZ 91.5 727 118.8 2B 156.7 SA
71.9 XA 94.8 ZA 123.0 37 162.2 SB
74.4 WA 97.4 ZB 27.3 3A 167.9 67
77.0 XB 100.0 1Z 131.8 3B 173.8 6A
79.7 SP 103.5 1A 136.5 4Z 179.9 6B
82.5 YZ 107.2 1B 141.3 4A 186.2 72
85.4 YA 110.9 27 146.2 4B 192.8 7A
88.5 YB 114.8 2A 151.4 57 203.5 M|

* Frequency accuracy, + .1 Hz maximum - 40°C to +85°C
* Frequencies to 250 Hz available on special order
* Continuous tone

Group B
TEST-TONES: | TOUCH-TONES: BURST-TONES:
600 697 1209 1600 1850 2150 2400
1000 770 1336 1650 1900 2200 2450
1500 852 1477 1700 1950 2250 2500
2175 941 1633 1750 2000 2300 2550
2805 1800 2100 2350

* Frequency accuracy, + [ Hz maximum —40°C to +85°C
* Tone length approximately 300 ms. May be lengthened,
shortened or eliminated by changing value of resistor

Wired and tested: TS-32 $59.95, SS-32 $29.95

J e S
E==5 COMMUNICATIONS SPECIALISTS :
426 West Taft Avenue, Orange, California 92667 m
(800) 854-0547/ California: (714) 998-3021



a new class of

coaxial-line transformers

A review of
transmission-line transformers
and balun theory,
including problems

with magnetic cores —
Part 1 of a two-part series

Most coaxial-fed antennas require a balun for op-
timum performance; many also require a matching
transformer. Typically, these baluns and trans-
formers are made with magnetic core material such
as ferrite. These devices are subject to arcing and
linearity problems. Simple baluns and a new class of
rf transformers which are not subject to these prob-
lems use only coaxial line in their construction — and
they are easy to make.

To match the low impedance of two closely
spaced dipoles, | needed a broadband 4:1 trans-
former for some experiments on a low-band phased
array. My first inclination was to go to the handbooks
to design a ferrite-core transmission-line transformer.
However, | decided that there had to be a better way.
| had just read Doug DeMaw's article, “The Whys
and Hows of Bifilar Filament Chokes’* in QST.! He

when operated at high power. My search began for a
way to make broadband transformers without mag-
netic core material.

background

In conventional low-frequency transformers,
closely coupled primary and secondary windings of
the appropriate turns ratio are used. At radio fre-
quencies, because of inevitable leakage reactance,
narrowband tuned transformers are generally used
for impedance transformation. Quarter-wave match-
ing transformers may be used but are also narrow-
band; they are a quarter wavelength at only one
frequency.

The availability of solid-state rf power devices with
their capability for broadband performance created
the need for broadband interstage matching, thus
causing rapid development of transmission-line
transformers.2.3.4 Development of ferrite materials
also expanded rapidly during this period.

The low-frequency response of transmission-line
transformers is limited by winding inductance, and
the high-frequency response is limited by resonances
from stray capacitance; therefore, ferrite material is
used to extend the low-frequency limit of small trans-
formers by increasing inductance. Thus broadband
transmission-line transformers and baluns using fer-
rite cores have come into wide use in solid-state rf
circuitry and Amateur antenna systems. While these
cores are very useful, they have some disadvantages.

expressed concern about saturation of the core By George Badger, W6TC, 341 La Mesa Drive,
material and corona from the windings to the core  Portola Valley, California 94025
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This article shows how to build and design broad-
band rf transformers and baluns without magnetic
cores.

problems with magnetic cores

Amateurs build or buy highly linear SSB equipment
and effective lowpass filters to avoid TVI. We then
subject our clean, harmonic-free signals to the uncer-
tainties of ferrite-core transformers or baluns in our
antenna systems. The cores in these devices are sub-
ject to saturation and, therefore, nonlinearity. High
permeability ferrite cores are also susceptible to per-
manent damage at flux densities of a few hundred
gauss.5 Tune up your linear into the wrong antenna
just once and the damage is done.

O—y
o=

1 vour 2 VOLUTS

INPUT oureur

fig. 1. Broadband transmission-line transformers are made
of two or more transmission lines connected in parallel at
one end and in series at the other. One volt applied to two
coax lines in parallel at the input results in 1 volt across each
of the lines at the output. If these two lines are connected in
series at the output as shown, the output will be 2 volts. In
this way a 1:4 impedance stepup is achieved. Sufficient im-
pedance must be provided over the length of the outside
conductors to prevent the connections at one end from
shorting the other end.

Magnetic materials such as ferrite, powdered iron,
and specialty steel tapes have added greatly to the
performance of components available to circuit de-
signers. However, these materials should not be
used in high-power circuits or antenna systems un-
less they are adequately characterized regarding
power-handling capability and saturation effects.
This is necessary so that interaction of the material
with your system can be thoroughly understood. Put
another way, sufficient core material must be used to
keep the flux density well below the saturation level.
Data on harmonic distortion measurements, taken at
high power on a popular commercial ferrite core
balun, are presented in part 2 of this article.

Ferrite baluns and transformers are usually wound
with copper wire coated with thin enamel insulation.
Pairs of wires are placed close together or twisted to
make transmission lines, which are wound tightly
onto the core. The conductors must be close, be-
cause the surge impedance of the wire pairs must be
correctly related to the impedances to be matched.

For this reason, thin insulation is often used. Inade-
quate insulation may result in arcing between wires
or to the core when operated at high power.'.2 Those
who have blown a balun in the heat of competition
are all too familiar with these problems.

transmission-line transformers

Basically a transmission-line transformer consists
of two or more parallel lengths of transmission line
connected in parallel at one terminal and connected
in series at the other (fig. 1). For example, if two
lengths of coaxial line are connected in parallel at the
input and 1 volt is applied, 1 volt appears at the out-
put end of each of the two lines. If the output ends
are connected in series so that the two voltages add,
the output is 2 volts, thus creating a 1:2 voltage in-
crease (1:4 impedance transformation). Fig. 1 also
can be used to describe a 4:1 impedance reduction;
for example, from 50 ohms to 12.5 ohms.

Sufficient rf impedance must be provided between
the input and output ends of the transformer of fig. 1
to prevent the connections at one end of the lines
from shorting the other end of the lines. The impe-
dance is usually provided by wrapping the transmis-
sion lines around magnetic cores.

the Collins balun

By far the best balun I've ever used is the Collins
balun which, to my knowledge, was first described in
a book published by the Collins Radio Company en-
titled Fundamentals of Single Sideband.6 The Collins
balun derives its name from this reference. | believe
the earliest reference to an Amateur ap'plication was
in an article by K2HLT in G.E. Ham Notes in 1960.7
The Collins balun is rarely mentioned in Amateur lit-
erature, which is surprising in view of its superb per-
formance. However, Bill Orr, WBSAI, describes one
in his Radio Handbook .8

ISOLATED
TERMINALS

UNBALANCED
LINE

fig. 2. Simple coiled length of coaxial line isolates output
terminals from ground.
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Perhaps the reason the Collins balun hasn’t gained
popularity with Amateurs is that it's quite bulky when
made with RG-8/U. The balun is extremely simple.
No exotic materials are used in its construction; only
coaxial cable and insulated wire. I've used these
baluns for years with various antennas and never had
a failure. One has been on my three-element 10-15
meter quad for eight years with no sign of deteriora-
tion. There are only two disadvantages to the Collins
design: 1) when made with RG-8/U, the balun is
bulky — too large for installation on a clean-design
antenna system; and 2) the balun is useful only at
50 ohms. This article shows how to eliminate these
disadvantages.

balun theory

Baluns convert energy from unbalanced coaxial
line to balanced two-wire line by isolating the two
balanced terminals from ground. As in the transmis-
sion-line transformer, this is often accomplished by
coiling transmission lines around magnetic material
so the impedance to ground from both output termi-
nals is high compared with the characteristic impe-
dance of the input coaxial line. By using this tech-
nique, shown in fig. 2, the two balanced terminals
are “floated’’ with respect to ground by the isolation
provided by the coiled-line impedance. However, a
simple coiled length of transmission line is often not
adequate because it doesn’t contribute to the bal-
ance of the system.9 For a balun to make this contri-
bution, the impedance ground from both terminals
must be nearly matched.

Accordingly, in the Collins balun, a dummy length
of coax is wound as a continuation of the isolating
winding, so that the coil consists of the original
length of coiled coax of fig. 2 plus an equivalent
length of dummy line, as shown in fig. 3.

The dummy-line center conductor is unused and is
left floating, or both ends may be shorted to the
outer conductor if desired. The dummy length of line
causes the impedance to ground, from each of the
two output terminals, to be nearly equal. The isola-
tion impedance (common-mode impedance) is held
higher than the coax-line characteristic impedance
over a wide frequency range by the distributed ca-
pacitance and inductance of the combined coil. The
coil must have sufficient inductance so the impe-
dance, at the lowest operating frequency, is higher
than the line surge impedance. As the frequency is
increased, the impedance increases through parallel
self-resonance, then decreases as the frequency is
further increased.

Because the self-resonant circuit consisting of the
distributed capacitance and inductance of the com-
bined coil is loaded by the low characteristic impe-
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fig. 3. Broadband coil balun is evolved from the coiled coax-
ial line of fig. 1.

dance of the line, the impedance versus frequency
curve is broad. Balun performance therefore is not
critical with respect to frequency. Data taken on
measurements of the common-mode impedance on
a typical Collins balun are presented in Part 2.

The symmetry provided by the dummy line makes
balun performance less dependent on common-mode
impedance and is therefore often essential in baluns
and balanced systems.9 The isolation, balance, and
impedance match of this class of balun are superb
over the hf Amateur bands. Specific designs, per-
formance data, and a systematic design procedure
are presented in Part 2.

new class of transformers

Faced with the need to match a very low-impe-
dance antenna system, | decided to try to develop a
4:1 transmission-line transformer based on the princi-
ples of the well-proven Collins balun. The transform-
er was successfully developed; in fact, a new class of
wideband transformers evolved from this work.

One of the nice things about an avocation — as
compared with a vocation — is that you're not on a
time schedule. | found that the performance of the
4:1 transformer was so good that the idea of other
transformer designs based on the same principles
looked interesting. | shelved the phased-array project
long enough to enjoy the freedom to explore the pos-
sibilities of these transformers. The result was a
series of broadband balanced and unbalanced trans-
former designs that are extremely simple, made en-
tirely of coax, and, most important, don’t depend on
ferrite or powdered-iron materials.

design concept

Because the Collins balun so successfully isolates
the balanced output terminals from the unbalanced
coaxial line input, it seemed reasonable that a similar
broadly resonant configuration would provide the
isolation necessary to the series and parallel lines of
fig. 1. From previous experience I'd found that it's
unnecessary to wind the Collins balun on a cylindrical



form as shown in fig. 3. It's sufficient to random-
wind the turns without a coil form, as shown in the
photo. | decided to try winding the two lines of fig.
1A into a continuous winding similar to the Collins
balun of fig. 3.

My first try was with a nine-turn coil random
wound on a nominal 25-cm (10-inch) diameter
shown in fig. 4 (Only three turns are shown in the
drawing for clarity.) Two 254-cm (100-inch) lengths
of 50-ohm line were used. The transformer was test-
ed by inserting a 12.5-ohm low-inductance load at
the output and measuring the input impedance with
a Hewlett Packard Vector Impedance Bridge. While
the transformer made the 12.5-ohm resistor appear
to be a 50-ohm resistor over a wide range, the useful
range was centered in the broadcast band. As the
frequency was increased through 3.5 MHz, the input

fig. 4. Two lengths of coax (A and B) wound into a multiturn
coil similar to the Collins balun of fig. 3. Only three turns are
shown for clarity. Note that the input ends of the lines are
connected in series and the output ends are connected in
parallel. Made with 50-ohm coax, this transformer will
match a 100-ohm balanced line to a 256-ohm balanced load.

impedance magnitude increased rapidly, and the im-
pedance phase angle was greater than 30 degrees.
However, the useful frequency range was 4:1. En-
couraged, | removed half the turns, expecting equiv-
alent results more nearly centered over the ham
bands. Results were disappointing. A good match
was achieved only over a narrow frequency range.

line impedance

Note that the load at the transformer output of fig.
4 terminates two coax lines connected in parallel. If
the lines have 50 ohms characteristic impedance the
load must be 25 ohms for the lines to be properly ter-
minated. At the input the two lines are connected in
series, so the input impedance will be 100 ohms,
Thus the transformer of fig. 4 will match a 25-ohm
balanced load to a 100-ohm balanced line, but per-

ourPut
12.5 OHMS BALANCED

fig. 5. A 4:1 rf transformer (shown in the photo) consisting
of two parallel 127-cm (50-inch) lengths of RG-58A/U ran-
dom wound into a 7 turn, 11.5 cm (4.5 inch) nominal diame-
ter coil. Each of the two paralleled 50-ohm lines (AB-CD) is
connected in series at the input and in parallel at the output.
The excellent performance is shown in table 1.

february 1980 15



fig. 6. A 50- to 200-ohm balanced-to-balanced transformer
made from two 127-cm (50-inch) 100-ohm lines each con-
sisting of two 50-ohm lines in series. The 100-ohm lines are
connected in parallel at the input and series at the output.
Performance data are shown in table 2.

formance will be poor when trying to match a 12.5-
ohm load to a 50-ohm line.

50/12.5-ohm transformer

To match a 50-ohm line to a 12.5-ohm load, 25-
ohm transmission line must be used so that the 50-
ohm source will be correctly terminated by two 25-
ohm lines in series. Similarly, the two 25-ohm lines in
parallel at the output will be correctly terminated by a
12.5-ohm load. | decided to make 25-ohm lines by
connecting pairs of 50-ohm line in parallel. A trans-
former similar to that in fig. 3 was wound with two
lengths of transmission line, each made with a pair of
50-ohm RG-58A/U lines in parallel (25-ohm line).

After much cutting, winding, soldering, and data
taking, the optimum design of fig. 5 evolved. The
design looks somewhat more complex than the simple
configuration of fig. 4 because each length of trans-
mission line consists of two 50-ohm lines in parallel;
however, in otherrespects the configuration is exactly
the same as that of fig. 4. Note that the two 125-cm
(50-inch) 25-ohm lines are connected in parallel at the
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output and are properly terminated by the 12.5-ohm
load. This transformer design was useful over a wide
frequency range. The VSWR is low over the high-fre-
quency Amateur bands. The excellent data are
shown in table 1.

construction

While it's not necessary to cut the lengths of coax
to exactly 127 cm (50 inches), this length wound into
a seven-turn, 11.5-cm (4.5-inch) nominal diameter
coil is optimum to cover the high-frequency bands.
The detail of coil winding is unimportant. You can
bind the lines tightly with tape or leave them loose.
You can hold the coil in your hands and separate the
turns several cm (2 inches) before the magnitude or
phase of the match are greatly affected.

However, the length of the short between the
coax-line outer conductors at the input end of the
balun is critical. Performance is degraded at the high-
frequency end of the useful range unless the coaxial
outer conductors are soldered together into a com-
mon joint as shown in the photo and fig. 5. Perform-
ance deteriorates if the shorting lead is as long as 2.5
cm (1 inch). The cross-connected leads at the output
should be short. In the version shown, the length of
the center conductors exposed beyond the outer
conductors is about 2 cm (0.75 inch). Construction is
shown schematically in fig. 5 and in more detail in
the photo.

measurements

Impedance measurements were made with the
Hewlett-Packard rf vector impedance meter model
4815A shown in the photo. The vector impedance
meter reads directly in impedance magnitude and
phase angle. Data in this article are presented using
the abbreviation Z for magnitude of the impedance
and ¢ for the corresponding phase angle. Balance
measurements, described in Part 2, were made with
the HP rf voltmeter model 4-10C also shown. The ter-
minating resistor is critical to the evaluation of these
balun transformers. The VSWR looking into the
transformer is, of course, no better than the quality

table 1. Frequency, impedance magnitude, phase angle and
calculated VSWR for the balanced-to-balanced 4:1 trans-
former of fig. 5.

Fo Z ]
(MHz) {ohms) (degrees) VSWR
1.8 50 13 1.26
35 51 8 1.15
4 5 6 1.1
7 49 3 1.06
14 54 5 1.12
21 55 1 1.10
28 53 -1 1.06
30 53 1 1.06



of the load. Shown in the photo is a bundle of eight
parallel-connected, 100-ohm, 1/4-watt resistors sol-
dered directly to the 50/12.5-ohm broadband trans-
former for minimum inductance.

performance

Referring to table 1, note that the VSWR between
3.5-30 MHz is less than 1.15. Even on 160 meters, the
VSWR is only 1.26. Data were recorded only in the
ham bands; however, with each configuration, |
swept the impedance bridge over the full range look-
ing for spurious resonances. In the designs presented
here, none were found within the frequency range of
the data shown.

“Data are presented in tabular form. Displaying ex-
perimental results in this convenient form required
calculation of VSWR from the impedance-magnitude
and phase-angle data. These calculations are long
and tedious, so a Hewlett Packard HP65 program-
mable calculator was used. N6AIG suggested the
idea and wrote the program. The program is very
useful and is included in the appendix. The program
calculates VSWR based on an impedance of 50 ohms
and can be modified easily for any impedance.

50/200 ohm transformers

After the 50/12.5 ohm transformer was optimized,
it seemed reasonable to expect that a 50/200 ohm
(1:4 impedance stepup) transformer could be made
using the same principles. In this case, 100-ohm lines
were used so they would match 50 ohms when con-
nected in parallel at the input and would be properly
terminated by 200 ohms at the output. The 100-ohm
lines were made with two pairs of RG-59A/U cable;
each pair was connected in series. The outer conduc-
tors of each pair were connected together at both
ends. Each pair is 127 cm (50 inches) long. The
lengths of coax were wound into a compact package
of seven turns at a nominal diameter of 11.5 cm (4.5
inches). The package looks very similar to the
50/12.5 ohm transformer shown in the photo. The
transformer is shown schematically in fig. 6. Per-
formance data recorded for this transformer are
listed in table 2.

To show the effect of increasing the length of the
lines and increasing the number of turns, another
similar 50/200 ohm transformer was built. Data taken
on this transformer are also shown in table 2. The
modified transformer was optimized for the low
bands. It is similar to the configuration of fig. 6.
However, the coax lines are twice as long, 254 cm
{100 inches), and have twice as many turns on the
same nominal diameter. Note that the Increased
length makes the transformer useful on 160 meters
and substantially improves VSWR on 80 and 40

table 2. Data taken on the 50-ohm balanced to 200-ohm bal-
anced transformer. {(A) lists data for the transformer made
with 127-cm (50-inch) lines as shown in fig. 6. (B) lists data
for another version optimized for the low bands. This trans-
former has the same configuration as that of fig. 6; how-
ever, the two 100-ohm lines are made with pairs of 254-cm
(100-inch) lengths of RG-58A/U.

Fo Z ]
{MHz) {ohms) {degrees) VSWR
A. Data for transformer of fig. 6
3.5 56 20 1.45
4 57 18 1.41
7 52 7 1.14
14 51 1 1.03
21 47 5 1.1
28 46 15 1.32
30 46 16 1.34
B. Data for low-band version
1.8 55 10 1.22
3.5 55 2 .1
4 55 0 1.10
7 51 -4 1.08
10 46 -2 1.09
14 46 -17 1.37

meters. The low-band transformer performance is
good through 10 MHz; however, the VSWR climbs to
1.37 at 14 MHz.

The common-mode impedance of the transform-
ers described in this article is sufficiently high so that
the transformers can be driven from either a bal-
anced or an unbalanced coax transmission line. Two-
stage balun transformers with improved isolation are
described in Part 2,

| determined the efficiency of the 4:1 transformer
of fig. b, by carefully measuring the input complex
impedance and the complex impedance of the load,
driving it with a signal generator and measuring the
input and output rf voltages. | used the HP4815A rf
Vector Impedance Meter and the HP410C rf Volt-
meter shown in the photo. Input power was deter-
mined by calculating the power in the real part of the
input impedance; the output power was calculated
similarly using the complex load impedance data.
Efficiency was determined by dividing the output
power by the input power. Measurements and calcu-
lations were made for each of the bands, from 160
through 10 meters. As you might expect, efficiency
was lowest on 10 meters; however, efficiency was
greater than 95 per cent on all bands.

power-handling capability

The 4:1 transformers may be made with pairs of
RG-68A/U lines connected in series for 100-ohm
surge impedance or connected in parallel for 25-ohm
surge impedance. Each length of RG-58A/U must
therefore handle only 50 per cent of the power de-
livered by the transformer. Because RG-68A/U is
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rated for more than 500 watts at 30 MHz, these RG-
58A /U transformers will handle 1000 watts of rf. |
verified this by connecting two 12.5-ohm transform-
ers back-to-back into a dummy load. At 1 kW, heat-
ing was not discernible at 7 MHz. At 30 MHz, the
transformers became warm to the touch after about
one minute, key down. Part 2 describes how to build
baluns capable of several kilowatts overload into
severely mismatched loads.

Part 2 of this article, which will appear in March,
1980, ham radio, will describe how to build more use-
ful balun transformers and three specific 1:1 baluns,
including one for vhf. These designs are capable of
conservatively handling high power into widely vary-
ing loads. The impedance match (VSWR) and
balance of these new transformers and the baluns
will be compared with popular commercially available
rod and toroid core balun transformers. In addition,
harmonic distortion data taken at 2 kW PEP on a
typical commercial ferrite core balun will be included.

Balun performance is usually described when
working into a ““flat” load. In the real world, baluns
must work into widely varying loads as frequency is
changed across the band. Measured performance of
baluns with varying loads will be included and com-
parative data presented in Part 2. How to design
balun transformers to your needs and how to modify
a currently popular balun will also be described.
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appendix

Program for calculating VSWR for a given load impedance, Z,
using the HP-67 calculator.

. . g ZylZp—1
reflection coefficient, I’ = Z,7Z,%1
" 1+ |’
VSWR = s
running instructions
step instruction input keys output
1 (clear memory — enter program)
2 initialize — hRTNR/S —
3 input magnitude |Zy| R/S -
4 input phase angle® R/S
5 copy VSWR - —  VSWR
6 returntostep 3 R/S
ham radio
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They say “beauty is as beauty does”. And the
streamlined, low silhouette Larsen Kiilrod Antenna
performs as beautifully as it looks!

You get real performance, thanks to solid
contacts with no power wasted in inefficient
base or phasing coils. And there's no power loss
through inefficient high loss whips when you use
a Larsen Kulrod Antenna.

These antennas were engineered to serve the
tough, highly competitive two-way communications
field. They are in demand and sold throughout the
United States and around the world — though
often priced a bit above other antennas. The
reason? Top performance and looks.

Larsen Kiilrod Antennas are available at leading
Amateur stores. Choose from a variety of easy-to-
install permanent and temporary mounts and in
the 50, 144, 220 and 440 MHz amateur frequencies.

Write for a free catalog and name of the nearest

Larsen dealer. And before long you'll be getting
“fine signal” reports on your new Larsen Kuilrod.

rsen Antennas

You can HEAR the difference!

In U.S.A., write to: In Canada, write to:

P.O. Box 1686 Unit 101

Vancouver, WA 98663 283 E. 11th Avenue

Phone (206) 573-2722 Vancouver, B.C. V5T 2C4
Phone (604) 872-8517
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Yagi antenna design

experiments confirm
computer analysis

: | Comparison of
calculated Yagi performance
with NBS measurements
confirms validity

of theoretical approach

A mathematical model of the Yagi antenna, as
described last month,1 is required for computer anal-
ysis of antenna gain, front-to-back ratio, and opera-
tional bandwidth. Once the model has been con-
structed, a computer program can be written. To
avoid endless consultations, | prefer not to supply
actual computer programs; for those readers who
would like to create their own programs, | will explain
the information flow | use in programs for computing
element currents and Yagi performance.

writing programs

| first create a labeled input file containing all of the
necessary information about the Yagi. The label itself
is usually an abbreviated reminder of the particular
Yagi. This input file contains a statement of the num-
ber of parasites and the number of drivers. Next is
given information on each parasite, e., X and Y
coordinates, length (LE) and radius (RO), all speci-
fied in terms of wavelength at a given central design
frequency. Next is given information on each driver,
i.e., X and Y coordinates, length (LE) and radius
{RO), driving point voltage and phase.

The element-current program first calls for the
input data file label and asks at what frequencies (in
terms of the center design frequency) the computa-
tions are to be made. With this starting information,
the input file is called and read. For each frequency
specified, a computation is made to determine the

(complex) values of all terms in the Z matrix; self-
impedances are calculated (from eqgs. 4, 5, and 6,
reference 1) and mutuals are given by an interpola-
tion routine or power series approximation (using
eqs. 7and 8).1

Once the Z matrix is complete and the voltage vec-
tor noted from the input file, matrix inversion is
accomplished; this generates the individual element
complex current solutions. The entire result is then
written into an output file for later use. | have found it
convenient 1o include in the output file a statement
of frequency for each computation and the number
of parasites and number of drivers. For each ele-
ment, | include its X and Y coordinates, its resonant
frequency and Q, and magnitude and phase of its
current, The element-current program continues to
compute until all initially specified frequencies are
satisifed.

This output file now becomes a useful input file to
other computer programs which are designed to pro-
duce displays of interesting Yagi properties. One
such program calculates and plots the pattern both
for the H-plane and the E-plane. This is done by
reading the new input file, and for a specified
sequence of elevation angles (say every 1 or 2
degrees), computing the radiated energy flux densi-
ty. This is easily done from the known element posi-
tions and the known element complex currents; the
elevation angle and positions geometrically deter-
mine the effective phase delay of each element from
the reference origin. The vector sum of all contribu-
tions is then proportional to radiated field strength,
the square of which is proportional to radiated ener-
gy flux density. This calculation provides values
which are referenced to a single element carrying a
unit current; this can be referred to an isotropic
source by correcting for the gain of a single element
{2.15 dBi).

This (energy flux density) pattern is calculated for
each frequency (read from the new input file) and

By James L. Lawson, W2PV, 2532 Troy Road,
Schenectady, New York 12309
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can be easily plotted by one of the plot routines. |
believe it is most useful if the pattern is specified in
dB relative to an isotropic source,? which | label dBi;
such values will be shown throughout this series. In
this pattern program | have also found it convenient
to compute and display the driver’'s driving point
impedance; the largest energy flux value found in the
entire elevation angle search (usually in 1 degree
intervals), which | label as MAX H-GAIN (dBi), and the
angle at which it occurs, labeled H-ANGLE; and the
front-to-back ratio (ratio of energy flux at H-ANGLE
to energy flux at 180 degrees minus H-ANGLE) labeled
FRONT/BACK GAIN (dB).

Another program of great utility is one which reads

ot D2

u
i 5 4 2 3

fig. 1. Layout of a Yagi with a broadband feed system of the
type manufactured by KLM. The main driver {DR) and de-
pendent driver (DD) are connected through a transposed
transmission line with characteristic impedance Z, and
phase angle §. Performance of this type of Yagi can ailso be
analyzed by computer, as discussed in the text.

the new input file (element current file) and com-
putes and displays a number of useful Yagi proper-
ties. These are maximum gain (dBi) and angle at
which it occurs, reverse gain (dBi) at the same
reverse elevation angle, front-to-back ratio, and the
driving point impedance of the first driver. Since this
program does not spend time displaying the com-
plete patterns, it is fast and therefore capable of
rapidly running through a large number of different
situations.

other antenna types

Programs can be written that will perform equiva-
lent calculations for different antenna systems. First
of all, a somewhat different element current program
is needed for a conventional Yagi if the driver current
is specified rather than its voltage (using eqgs. 10 and
11 from reference 1). You can also write a different
program to handle a broadband drive system as used
in the KLM antennas, but to do this requires a little
manipulation. In this type of antenna the drive sys-
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Zs; Zsp Zs3 Zsq4 ZsstjZotan© Is

tem is not just a single element but actually consists
of a voltage-fed main driver whose input terminals
also feed a dependent driver in parallel through a
crossed transmission line with characteristic impe-
dance Z; and phase delay angle 6. With convention-
al transmission line equations you can relate voltages
and currents at both ends of this transmission line.

As an illustration, a 5-element KLM-style beam can
be simulated as shown in fig. 1. The parasites are
elements 1, 2, and 3; the main or master driver is 4,
and the dependent or slave driver is 5 (connected
through the transposed transmission line). Start with
the five linear equations in matrix form:

Zyy Ziz 243 Zig Zps I 0
Zy; Zpz 233 Zq Zs Iy 0
Z31 233 Z33 Zzq Z35\x|I3|=|0
Zyy Zyy Zy3 Zygy Zys I V4
Zsy Zsy Zsz Zsq Zss Is Vs

V4 {the main driver voltage) is given, but Vs (depen-
dent driver voltage) must be determined from the
transmission line equations which relate Vs and Is to
V4 and transmission line current at terminals XX. For
a transposed lossless transmission line:

Vs = —VysecO—jZylstan ©

so that the final five linear equations become in
matrix form:

Zy1 Zi2 Zy3 Zy4 Z;s I; 0
Zy1 Zyp Zp3 Zy Zszs I 0
Z31 Z32 Z33 234 Z3s +i 3= 0
2y Zyp Zy3 2y Zys Igf V4

— VysecO

Note that the input file for this antenna must contain
information about the number of parasites, the num-
ber of independent or master drivers, and the num-
ber of dependent or slave drivers; the dependent or
slave driver must contain a statement as to which is
its master driver, and must provide Z; and © for the
transposed transmission line. The Z matrix and V
vector must be modified as shown, then the program
can proceed as before.

validation

With the tools for computing a wide spectrum of
antenna characteristics at hand, it is crucial to ask for
some experimental validation. 1 have already com-
mented on the inaccuracies inherent in physical
modeling {although such inaccuracies are believed to
be of little consequence}, and have discussed
approximations which have been used in various
computations. These approximations are expected
to be most serious for those antenna properties

m
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fig. 2. Gain in dB of a driven element and reflector for dif-
ferent spacings between elements (from NBS Report 688).

which depend critically on precise element currents,
such as F/B ratio. On the other hand, it should be
possible to calculate other properties such as gain or
directivity with reasonable accuracy (comparable to
the accuracy of the currents themselves). The calcu-
lations are expected to produce superior results for
short antennas (few elements) and for frequency
regions relatively close to design center frequency.

Experimental information suitable for validation is
frustratingly difficult to obtain! While a great amount
of experimental results have been published, it is
extremely difficult to find examples of accurate
measurements made under conditions where exter-
nal factors have been properly considered or elimi-
nated.

NBS Yagi experiments

For example, let's examine the experimental
results reported by Peter Viezbicke in NBS Technical
Note 688.3 This publication provides a rich range of
gain and pattern measurements for a wide variety of
Yagi configurations. In most cases, all relevant
dimensions of the Yagi design are given, so this pub-
lication is a fine vehicle to test the validity of theoreti-
cal computational methodology; shortly, | will
attempt to make such comparisons. At the same
time, Technical Note 688 is a frustrating report; it
contains several cases of inconsistent information
and many times there is fack of supporting technical
information. Careful documentation and editing at
the time of publication would have made this report
of a really excellent series of measurements much
more valuable.

I must first comment on the NBS experimental
approach. Viezbicke states that a// tests on the

(receiving} test antennas were carried out using a
nonconducting Plexiglas boom mounted three wave-
lengths (3\) above ground (readers of the NBS paper
will note that the very first figure shows 2\). The
(transmitting) generator antenna was mounted 320
meters (1050 feet) away and at a height above
ground to illuminate the receiving antenna at ‘‘graz-
ing angles.” | interpret this to mean that the transmit-
ter is also at a height over ground of 3\. The nature
of the intervening ground, which is highly relevant, is
never mentioned! A reference half-wavelength dipole
is mounted about bX to the side of the antenna under
test (also at 3\ above ground). All tests were made
using a frequency of '"400 MHz'’ but the frequency
precision is never mentioned, and this may be quite
important, as shall be seen.

if my interpretation of the experimental setup is
correct, received field strength at the receiving site
will be the vectorial sum of the field from the direct
ray and the field from the ray reflected from the
ground at a point midway between transmitter and
receiver. At these grazing angles, the reflectivity of
the ground is probably near unity and for horizontally
polarized radiation ground reflection will give a phase
change of 180 degrees. Thus, the two rays interfere
and nearly cancel each other, making the received
energy nearly zero! It can be seen instantly that the
actual received energy is extremely sensitive to the
nature of ground midway between transmitter and
receiver, /.e., its true reflection coefficient, its height,
and its degree of flatness (which influences its focus-
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fig. 3. Comparison of computed gain with pubilished NBS
measurements (see fig. 2) for the same 2-element Yagi
shows very poor agreement. As discussed in the text,
however, the disagreement was apparently caused by
measurement errors; when the NBS E and H plane patterns
for the same antenna (s = 0.2} are summed and properly
averaged, the isotropic gain is calculated to be 6.71 dBi
{compared with 6.70 dBi in the THEORY curve in the graph}.
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ing properties). Moreover, since the reference anten-
na ‘‘sees’’ a different ground patch midway to the
transmitter, its inherent sensitivity can be different
from that of the antenna under test. For example, if
the ground patch seen by the reference antenna is
only 1 foot (30 cm) higher than the ground patch
seen by the test antenna, a systematic error of about
2 dB will occur! It is clear, therefore, that the NBS
experimental setup invites systematic errors.

Yagi gain

Let me turn now to the experimental results report-
ed by Viezbicke. | will start with the measured gain of

table 1. Optimized lengths of parasitic elements for Yagi antennas of
six different lengths {reflector spaced 0.2\ behind the driven element,
element diameter 0.0085)).

Length of Yagi in Wavelengths

0.4 0.8 1.2 2.2 3.2 4.2
Length of
Reflector, A
. 0.482 0482 0.482 0482 0482 0.475
Director
Length, \
1st  0.442 0.428 0.428 0.432 0.428 0.424
2nd 0.424 0.420 0.415 0420 0.424
3rd 0.428 0.420 0.407 0.407 0.420
4th 0.428 0.398 0.398  0.407
5th 0.3%90 0.394 0.403
6th 0.3%0 0.390 0.398
7th 0.320 0.386 0.394
8th 0.390 0.386 0.390
9th 0.398 0.386 0.390
10th 0.407 0.386 0.390
11th 0.386  0.390
12th 0.386  0.390
13th 0.386 0.390
14th 0.386
15th 0.386
Spacing between
directors, in A 0.200 0.200 0.250 0.200 0.200 0.308
Gain relative to
half-wave
dipole, dB 7.1 9.2 10.2 12.26 134 14.2
Isotropic gain, dBi  9.25 11.35 1235 1440 1555 16.35

a 2-element (dipole and reflector) Yagi as a function
of spacing §. This is shown in the NBS paper as Fig.
1 and for convenience is reproduced here as fig. 2.
Unfortunately, Viezbicke failed to state an essential
.dimension — the actual length of the reflector itself; 1
assume that it is 0.482\ (which was usually used for
other Yagis). On this assumption | have calculated a
theoretical result shown in fig. 3. The theoretical
gain is expressed in dBi (referenced to an isotrope}; a
direct comparison can be made by adding 2.15 dB to
the experimental NBS findings.

The comparison in fig. 3 is totally unsatisfactory;
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fig. 4. Comparison of the E and H plane radiation patterns
for a 2-element Yagi with 0.2\ spacing as measured by the
National Bureau of Standards, left, and predicted by theory,
right, shows good agreement.

not only are the shapes of the plots different, the
peak gains (at say § = 0.2) are very different!
Viezbicke gets 4.77 dBi, whereas | calculate 6.70 dBi.
In an attempt to understand this conflict, look at Fig.
12 in the NBS publication which illustrates the meas-
ured pattern of the same 2-element Yagi (S = 0.2} in
both E and H planes. | have numerically summed and
properly averaged the (power) response over the
total 47 solid angle and have found the directivity, or
isotropic gain, to be 6.71 dBi! Thus, the measured
pattern exhibits gain which agrees with my theoreti-
cal result (see fig. 4). | can only concludg that some
unexpected system error was present for the NBS
series of measurements shown in their Fig. 1.
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in the NBS paper a set of six specific Yagi designs
is shown ranging in overall length from 0.4 to 4.2
wavelengths. If you refer directly to the NBS publica-
tion you will note that the first director for the 0.4\ 3-
element design is shown in NBS Fig. 9 to be 0.442)\
long rather than 0.424), as shown in NBS Table 1.
With this correction, the specifications for these six
NBS Yagi designs are listed here in table 1.

| have calculated the theoretical gains for these six
Yagi designs and also their theoretical patterns for
comparison with those shown in the Viezbicke paper
(NBS Figs. 14 through 19). For convenience in mak-
ing comparisons, the NBS patterns and my newly
talculated theoretical patterns are shown side by side
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fig. 6. Comparison of the E and H plane radiation patterns
for a 5-element, 0.8\ long Yagi, measured by NBS, left, and
predicted by theory, right.

in figs. 5 through 10. It is apparent that for all cases
there is a striking similarity, not only in the qualitative
details of lobe structure, but in most guantitative
aspects! Careful scrutiny of the experimental results
show some variances between the two halves; theo-
retically, of course, the two halves are totally sym-
metrical. Agreement of this kind is gratifying and
demonstrates that the experimental patterns were
made with great care and also that the theoretical
calculations seem to give valid answers. This is
especially comforting since the 4.2\ Yagi design is
very long and contains many parasites. This is pre-
cisely the situation where theoretical approximations
{cylindrical element resonant lengths, mutual, and
self-impedances) are most sensitive.

The gain of each of these Yagi designs can be
obtained in several ways, and it is illuminating to
compare all methods. Table 2 shows a comparison
of three experimental methods, all derived from the
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fig. 7. The E and H plane radiation patterns of a 6-element
Yagi with a length of 1.2\ — measured (left) vs theory
{right).

NBS data, and my theoretical calculations. Column 1
shows the NBS measured gain referenced to a half-
wavelength dipole, but corrected to give isotropic
gain {dBi). Column 2 shows the gain calculated from
the measured half-power main beam angles by the
usual formula, dBi = 10 log (41253/Oy OF), where
the H and E half-power angles are measured in
degrees.4 The third column is derived entirely from
the experimental NBS patterns; in each case | have
calculated the directivity by appropriately summing
all 10 degree intervals. This pattern averaging, if care-
fully done, should yield a reasonably reliable result,
free from any systematic error (due to ground reflec-
tions, for example). The last column is the result of
my theoretical calculations made on each design.
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In table 2, note that column 1 (NBS measure-
ments) and column 4 (theory) are in agreement with-
in Viezbicke's stated estimated accuracy of about 0.5
dB with the exception of the value for the 2-element
Yagi (discussed earlier). Column 2 is derived from
measured half-power angles; it is quite difficult to
determine such angles with any great precision and,
moreover, the method is nothing more than a crude
approximation at best. Column 3 (derived from NBS
experimental patterns) is in remarkable agreement
with theory in all cases, especially considering that
the summation in 10 degree intervals is really too
coarse and that values in these 10-degree intervals
were only “‘eyeballed’’ from the published NBS
patterns.

table 2. Gain of six different NBS-designed Yagi antennas, in

dBi, as determined by four different methods.

calculated
NBS from
NBS Yagi measure- half-power pattern computer
type ments beamwidth integration derived
2 element (0.2)) 4.77 7.50 6.71 6.70
3 element {0.4)\} 9.2 10.02 9.62 9.16
5 element (0.8)\) 11.35 11.86 1.4 10.73
6 element (1.2)\) 12.35 13.90 12.64 11.80
12 element (2.2\) 14.40 15.28 14.28 14.04
17 element (3.2)\) 15.55 16.63 15.47 15.20
15 element {4.2)\) 16.35 17.38 16.22 15.71

table 3. Measured and calculated gain in dBi of Yagi anten-
nas with average director iengths.

NBS
NBS Yagi director measured . computed

type length gain gain

5 element (0.8\) 0.4260\ 11.27 10.68
6 element (1.2\) 0.4240) 12.24 11.71
12 element (2.2)) 0.4017) 13.92 13.62
17 element (3.2)\) 0.3946) 14.83 14.68
15 element (4.2)\) 0.4008\ 15.55 15.15

effect of director length

Fig. 7 in the NBS report shows an interesting
experimental result: The selected designs are superi-
or in gain to simplified Yagis (all directors of equal
length) for booms longer than about one wavelength.
Although Viezbicke did not give the lengths of the
directors used for the simplified Yagis, | have made
calculations using directors with lengths that are the
average of those used in each of the five longer
Yagis. His measurements of gain and my theoretical
calculations are shown in table 3. Again, these
results are in satisfactory agreement.

Fig. 11 shows a graph of my theoretical results for
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fig. 9. E and H plane radiation patterns of a 17-element, 3.2\
long Yagi — measured {left) vs theory (right).

both tables 2 and 3, together with the published
NBS experimental points. Note that the theoretical
results support the idea that while the simplified
{equal director length) Yagi is just as good as a more
sophisticated design for booms shorter than one
wavelength, a slight gain improvement in the gain of
long Yagis is apparently possible by using directors
of different lengths.

Viezbicke's Fig. 9, reproduced here as fig. 12,
shows the results of an interesting experiment in
which gain for a given Yagi design was measured
using a series of different director lengths. Gain
curves were produced for each of a wide range of
element diameters. These measurements atlow an
interesting test of the theory of the reactance of
cylindrical elements (see eqs. 4, 5, and 6 in my previ-
ous article). In principle, the peak of each gain curve
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should correspond to a single element reactance; this
reactance value shouid, of course, be the same for all
peaks. The reactance of the directors can be calcu-
lated from eqs. 4, 5, and 6 using the lengths of an
element which gives the peak gain for each element
diameter. From fig. 12, | have estimated, as carefully
as possible, the lengths of elements which produce
peak gain; table 4 shows the results.

The standard deviation actually corresponds to an
element length variation of only 0.3 per cent; it is like-
ly that such an error couid easily occur in estimating
the position of the peak gain or even in physically
constructing the elements used in the experiment.
Thus, this experiment seems to give strong support
for the theory of cylinder length resonances.

table 4. Element lengths {estimated from fig. 12) which pro-
duce maximum gain, their resonant length LER, and the re-
actance X in ohms. Average reactance is —77.22 ohms;
standard deviation is 2.24 ohms.

element length X

diameter inches {cm) LER {ohms)
0.08cm 13.163  (33.4) 0.4816\ -81.07
0.16cm 13.033  (33.1) 0.4791\ —75.63
0.32¢cm 12.767  (32.4) 0.4759\ —-75.88
0.64cm 12.358 (31.4) 0.4714\ —~78.57
0.95cm 12.083  (30.7) 0.4680n —-78.28
1.27 cm 11.860  (30.1) 0.4650\ -77.93
1.59cm 11.674  (29.7) 0.4622)\ —76.68
2.54cm 11.191 (28.4) 0.4548\ -73.70

gain variations

Perhaps one of the most interesting experimental
results of the NBS work is the strange “‘oscillating”
gain characteristic shown in Viezbicke's Figs. 4, 5,
and 6, reproduced here for convenience in figs. 13,
14, and 15. | have attempted to calculate a number of
these cases and although the oscillating gain phe-
nomenon does show up, the detailed agreement
between experiment and theory is not impressive.
However, | have found that the exact behavior of
these long and heavily (director) loaded arrays is criti-
cally dependent on frequency and/or exact director
lengths. Accordingly, | have run calculations for sev-
eral frequencies around the central frequency (nor-
malized to unity). The results are shown in fig. 18,
where the theoretical calculated points for each fre-
quency are connected by line segments for clarity.

Superimposed on the plots of fig. 16 are Viez-
bicke’s experimental points, which should corre-
spond to the theoretical calculations. The theoretical
results generally show that the accurately computed
points do not really lie on a smooth curve; this is the
reason connecting lines are used. Theory does give
the oscillating gain phenomenon, but it also shows

GAIN (dBi)
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// NBS 4 4

.

OVERALL LENGTH (})

fig. 11. Graphical comparison of the data from tables 2 and 3
showing theoretical (computed) gain and measured gain
figures published by NBS. Computed curves support NBS
Report 688 which shows slight gain increase is possible with
different-length directors.

that the details depend sharply on the exact transmit-
ter frequency. Pretty good agreement can be obtained
between experiment and theory if it is assumed that
slightly different frequencies (+ 1 to 3 per cent) were
used from experiment to experiment. It is perhaps
significant that the most likely frequency does not
appear to be systematically high or systematically
low. It is unfortunate that Viezbicke neither specified
frequency accuracy, nor published the exact fre-
quency for each experiment.

The theoretical results are interesting from three
points of view. First, for a given frequency the calcu-
lated points do not appear to lie on a smooth curve; it
is likely that the gain varies somewhat with side- and
back-lobe structure. The calculated F/B ratio varies
greatly from point to point and it would seem reason-
able that there would be some reaction on forward
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fig. 12. Measured gain vs director length at 400 MHz for a
Yagi 1.25) long, using three directors of different length and
diameter, spaced 0.35\.
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gain. Secondly, for long Yagis the results vary signifi-
cantly with the exact frequency used! Third, detailed
calculations show that beyond the end of the first
"“oscillating’’ gain cycle, Yagi gain is not maximum in
the plane of the Yagi; instead, the front beam
appears to develop a central dimple causing maxi-
mum gain to occur at an appreciable elevation angle.
{The plots in fig. 16, however, show only the gain at
zero elevation angle because this is what was pre-
sumably done in the NBS experiments).

Note that all three of these behavioral aspects of
long Yagis derive from theoretical computations;
they were not even suspected by the NBS experi-
menters! This illustrates the point that an extensive
variety of Yagi configurations can be explored much
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fig. 13. Yagi gain as a function of length (number of direc-
tors) for different constant spacings between directors of
length equal to 0.382) (Fig. 4, NBS Report 688).

faster theoretically, and with much more relative
accuracy, than can be accomplished experimentally.
As a result, new concepts and understanding are
emerging.

summary

Let me summarize the overall comparison of the
experimental results of the NBS group with the theo-
retical resuits. The comparisons show total agree-
ment on Yagi gain for an astonishing range of models
with the single exception of the direct measurements
on a 2-element beam. A gain figure derived from the
measurement of the pattern of the 2-element beam,
however, does agree with theory; it is my belief that
some unanticipated error was made by the NBS
group in their measurements.

The comparisons also show excellent agreement
for Yagi patterns, again over a wide range of models.
This should be a very sensitive test of the accuracy
with which mutual and self-impedances are repre-
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fig. 14. Yagi gain as a function of length (number of direc-
tors) for different constant spacings between directors of
length equal to 0.411)\ (Fig. 5, NBS Report 688).

sented, as well as the resonant frequency calcula-
tions of cylindrical elements. This latter point is also
strongly supported by the consistent values of para-
sitic element reactance for elements whose diam-
eters vary over a range of greater than 30 to one.

Finally, the strange ‘“‘oscillating’”” gain phenome-
non observed by Viezbicke can be reproduced theo-
retically. Agreement is only qualitative if the NBS
group used an accurate 400.0 MHz frequency in their
tests; however, the comparisons suggest that they
may have actually used a nominal 400 MHz,”" with
frequencies within a range of +3 per cent. In this
event, the comparisons indicate a potentially remark-
able agreement in quantitative aspects as well.

Since these comparisons include very long Yagi
models (up to 6\ long) and correspondingly large
numbers of parasitic elements (up to 40), it seems
certain that the computational methodology | have
outlined should be generally trustworthy. This should
be especially true for shorter antennas (with fewer
elements) with which | will be primarily concerned
throughout this series of articles. Especially note-
worthy is the fact that all computed results contain
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fig. 15. Yagi gain as a function of length (number of direc-
tors) for different constant spacings between directors of
length equal to 0.424)\ (Fig. 6, NBS Report 688).
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no adjustable constants or parameters; they are all
derived from basic physical principles using ade-
quately accurate mathematical approximations.
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Theory and design
of broadband 1:1 baluns,
with construction details

for an

improved model
of the well-known
W1JR balun

Sometimes equipment that looks the simplest to
build is really the trickiest to make work, and vice
versa. Take, for instance, a balun. What sounds
simpler than wrapping a few turns of transmission
line around a toroid and getting a balun? Or do you?
My experience is that you may, but then again you
may not,

Over the last few years many articles have
appeared on the 1:1 balun, but absolutely no infor-
mation — to the best of my knowledge — on why
they work, how to design one, or, equally important,
how to test one.

Almost 100 years ago, the eminent British physi-
cist, Lord Kelvin, said, in effect, “’If you can express
what you are speaking of in numbers, you under-
stand it. If you cannot express it in numbers, your
knowledge is very meager and unsatisfactory.” From
this standpoint, our knowledge of 1:1 baluns is “very
meager and unsatisfactory’’ indeed!

In this article | give a brief description of the histori-
cal development of the balun, explain how a 1:1
balun works, include a procedure for designing a
balun, show some pitfalls that are all too easy to fall
into, and finally present some test results on a balun |
have built.

brief history

The concept of a broadband balun made by wind-
ing a transmission line into an inductance originated
in 1944 by G. Guanella! of the Brown-Boveri Com-
pany in Switzerland. In 1959, Ruthroff2 of Bell Labo-

high-performance
broadband balun

20,000:1. His paper appears to be the takeoff point
for the present balun designs. In the Amateur litera-
ture, Dick Turin,3 Jerry Sevick,4 Bill Orr,5.6 and Joe
Reisert’ have all presented articles on broadband
baluns.

theory of operation

Consider a balanced transmission line of character-
istic impedance Z., = R;, wound into an induc-
tance, and feeding a balanced load R, as shown in
fig. 1 (A). The normal transmission line currents, ¢;
and z,, are out of phase; their magnetic fields cancel,
and the inductive reactance is essentially zero or, at
least, very low compared with the transmission-line
characteristic impedance. As far as these currents
are concerned, the balun appears only as an added
length of transmission line, of characteristic impe-
dance Z_;, tied to the end of the usual unbalanced
transmission line whose characteristic impedance is
also Z.,. If the load is balanced with respect to
ground, the voltage at the junction point G will be
zero with respect to ground; the current i, will also
be zero.

That this is true can be seen from the following
argument: Assume that the voltage at G is not zero;
the unbalance can be represented by a voltage gen-
erator, which causes a current , to flow, as shown in
fig. 1 (B). This current divides into two in-phase cur-
rents, i, = 3 + ¢4, which flow through the two
windings of the balun. Since these currents are in
phase, their magnetic fields will add instead of can-
celling, and the balun winding will appear as an in-
ductance. If the inductive reactance of the balun
winding is sufficiently large compared with R /2, the
in-phase currents that cause the unbalance will be
essentially zero compared with the normal transmis-
sion line currents, 7; and 7.

Thus, if the balun is working properly, it will pro-
vide a high impedance to in-phase components and a
low impedance to out-of-phase components, effec-
tively isolating the balanced and unbalanced sides of
the balun.

In theory, then, the problem of designing a balun
boils down to simply winding an inductance to pro-
vide a high impedance over the required frequency

ratories wound the transmission fine onto a ferrite By John J. Nagle, K4KJ, 12330 Lawyers Road,
toroid and obtained bandwidth ratios as high as  Herndon, Virginia 22070

28 february 1980



Zew i 2 | parancen

UNBALANCED
GENERATOR

N

Eynsar

MAIN
WINDING

. TERTIARY
F T WINDING 4
Ay
C——= 0 7

. MAIN |

G Vord WIND ING

EQUIVALENT
SHUNT
CAPACITOR

S kg
| | |

|
1
-——TT
L
==
—~-——=m
1
~L
-
=
Lo
Pt
|
|
N
T
—_———d

| SO R,
i
fLs .
Ry

| D NP
|

I

L

T

I

|

i

R

=
L
T
|
I
L
T

fig. 1 (A): Basic 1:1 balun schematic. Circuit transforms an
unbalanced transmission line of impedance Z, to a bal-
anced load R, where R, = Z_,. (B): Schematic of a 1:1 balun
showing an unbalanced condition represented by an un-
balanced generator, E \,,,. (C): A 1:1 balun with a tertiary
winding, E-F. (D): The left-hand drawing shows an inductor
with a few of the possible infinitesimal stray capacitors.
These can be equated to one shunt capacitor, as shown in
the right-hand drawing.

range. Unfortunately, life is not always simple;
neither are baluns, for although their theory is
simple, their actual design is quite involved. First, de-
signing an inductance to provide a high impedance
over a wide frequency range can be a substantial
problem. Second, for the winding to be a high impe-
dance over any frequency range, the current required
to magnetize the core must flow without disrupting
the desired signal current and the voltage relation-
ship existing in the balun or load. In a 1:1 balun, this
is accomplished by adding a tertiary winding, as
shown in fig. 1 (C). This tertiary winding, in turn,
must be designed and constructed so that it does not
create any additional problems of its own. But, as
we'll see later, although the tertiary winding will con-
siderably complicate matters, it is absolutely essen-
tial if acceptable balance and good low-frequency
response are to be obtained. I'll now discuss these
problems in detail as they are related to balun design.

inductance

In designing an inductor to be used over a wide
bandwidth, the basic problem is capacitance — stray
capacitance. Schematically, an inductor is drawn as
a coil of wire; note the solid line in fig. 1 (D). Physi-
cally, however, stray capacitance is present as sug-
gested by the dotted lines. Actually, the capacitance
is distributed; /.e., it exists between every infinitesi-
mally small length of coil and every other infinitesi-
mally small length of coil; it is not discrete, as implied
in fig. 1 (D). The effectiveness of these incremental
capacitors depends on how much energy each one
stores. The energy stored by a capacitor is equal to

energy = % CEZ, where C is the capacitance in

farads and E is the voltage across the capacitor ter-
minals; therefore, it is important to minimize the
capacitance across those parts of an inductance
where the voltage is the largest; i.e., at the ends of
the coil. Unhappily, this is not always possible!

Since it's very difficult to consider all the incre-
mental capacitors in analyzing the behavior of an
inductance, it has become standard practice to
hypothesize a single capacitor connected across the
entire coil storing the same amount of energy as all of
the incremental capacitors and to call this the stray
capacitance of the coil.

As the frequency across the inductance is in-
creased, a frequency will be reached where the
inductance and stray capacitance will become paral-
lel resonant; at this frequency, the inductor will
appear as a very high resistance. As the frequency is
further increased, the reactance decreases to zero.
At the series-resonant frequency, the coil impedance
becomes very low. For a balun, the series-resonant
region must be avoided, as all isolation between the
balanced and unbalanced sides of the balun is lost.
My experience has been that it's necessary to limit
operation to about one octave below (one-half) the
series-resonant frequency, or else the balun phase
and amplitude balance balun will be upset.

Probably the most readable and useful discussion
of wideband inductor design in either the profession-
al or Amateur literature was written by Vernon
Chambers8 over 25 years ago. Chambers’ article
refers to the design of rf chokes, but the basic prob-
lems are similar to baluns. More recently, Doug
DeMaw? has written a very helpful article on toroid
inductor design.

As implied previously, one of the most effective
ways of reducing the distributed capacitance is to
separate the ends of the winding as much as possi-
ble. This brings us to the concept of the super toroid.

super toroid
The super toroid was developed in the 1970s by
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T.A.0. Gross,0 primarily as a means of reducing
stray pickup from external fields, but was introduced
to the Amateur community only recently by Reisert.?
With the super toroid, one-half the circumference of
the toroid is wound in the usual manner. The winding
is then taken across the diameter of the core and the
last half wound in the opposite direction, as shown in
fig. 2. The advantage of this type of winding for
balun application is that the ends of the winding,
where the voltage is the highest, are at opposite
sides of the core where the capacitance is minimum.

Every inductor |'ve wound using the super toroid
technique has had bandwidth characteristics superi-
or to the same core wound with an equal number of
turns in the usual manner! Why not use the super to-
roid concept, then, in the balun? The problem is the
tertiary winding.

tertiary winding

As we know, a balun functions by providing a high
impedance, usually inductive, between the balanced

fig. 2. A toroidal core wound with a super toroid winding.
This core is wound with clothes line to make it show up bet-
ter in the photograph.

and unbalanced sides. To obtain this inductance, it's
necessary that a path be provided for magnetizing
current. Ruthroff? states that with the balanced load
disconnected, a dc path must exist between the un-
balanced input side and ground. The way of provid-
ing this is to use a tertiary winding as shown in
fig. 1(C).

This circuit is easier to visualize if redrawn in the
form of an autotransformer as shown in fig. 3. Volt-
age levels with respect to ground are also shown,
and it is seen that the effect is that of a 1:1 autotrans-
former with the voltages on the balanced side low-
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fig. 3. A balun with a tertiary winding drawn in the form of

an autotransformer. The voltage across each winding is %
volts.

ered by ? volts, compared with the unbalanced input

voltage. The total voltage across either the input of
the balun or the balanced output, however, is still the
same, E volts.

The path for the magnetizing current is also evi-
dent: from the unbalanced generator through wind-
ings A-B and then E-F to ground. The important
point to note is that the magnetizing current does not
pass through either half of the load impedance. If the
balun is to couple a balanced generator to an unbal-
anced load, and the unbalanced side is open cir-
cuited, the magnetizing current will pass through the
tertiary winding, E-F, and the lower half of the trans-
mission line, C-D, back to the balanced generator
without passing through the load impedance.

practical considerations

To show the practical need for tertiary winding, I'll
discuss the effects that the lack of a tertiary winding
will have on balun performance. Consider the 1:1
balun with no tertiary winding, as shown in fig. 4.
Because of the instrumentation considerations, it's
easier to use a balanced load, consisting of two

: R
equal-value resistors, each of value -2", and to make

measurements at the unbalanced side rather than
vice versa, which would require a balanced impe-
dance bridge. The center of these two resistors may
be grounded, as in fig. 4 (B), or ungrounded, as in
fig. 4 (A). If the balun is working properly, there will
be no difference whether the resistors’ center is
grounded or not. Any differences can give an impor-
tant clue as too the type of problem being encoun-
tered. In all cases, I'll assume the total load impe-
dance, R, is equal to the characteristic impedance,
Z .y, of the transmission line.

First, let’s assume the center tap of the load is not
grounded, as in fig. 4 (A). The resistive component
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fig. 4. Test circuit for a 1:1 balun without a tertiary winding,
with and without the load impedance centertap grounded.
Z,, = R, inboth cases.

of impedance looking into the unbalanced end will be
R} ohms regardless of the frequency. In fact, it will
he R; ohms if measured with a dc chmmeter.

Thus, you can be lulled into a false sense of securi-
ty if you depend on impedance measurements alone.
This happened to me. | ran down to the low frequen-
cy limit of the signal generator, and the impedance
remained on 50 ohms! But let’s look at what happens
to the balance in the output voltage in both magni-
tude and phase. This latter point does not appear to
have been considered by most writers on baluns.

phase shift

Ideally the voltages between point B and ground
and D and ground (fig. 3) should be equal in magni-
tude and opposite in phase. Each of these voltages
should also be equal to one-half the voltage between
A and ground (the input voltage). As the frequency
is lowered below that at which balun action is effec-
tive, the voltage at B will approach that at A, and the
voltage at D will approach zero. The total voltage
across R, is still equal to the input voltage but not
balanced with respect to ground.

The need for magnetizing current can be verified
by making voltage and phase measurements across
the two halves of the balanced load. The phase and
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fig. 5. No tertiary winding. Phase and amplitude of balanced
output voltages — load centertap not grounded, as in fig.
4(A).

magnitude of the output voltage as a function of fre-
guency are shown in fig. 5 for the case where the
load resistance centertap isn’t grounded. The ampli-
tude measurements are shown in dB with respect to
the input voltage; the voltage across each half of the
load resistor should be one-half, or 6 dB down, from
the input voltage. The phase measurements are the
phase difference between the balanced output volt-
ages; these, of course, should be 180 degrees apart.
These measurements are plotted in fig. 5.

After looking at fig. 5, you're probably thinking,
““No well-behaved balun would act like that. There
must be something wrong with his test setup.”” My
answer is that the balun is not well behaved and
there’s nothing wrong with the test setup.

Let's look at the same balun, measured at the
same time, with the same equipment, but with the
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fig. 6. Same as in fig. 5 but with the load centertap grounded
to provide a path for the magnetizing current. This balun is
usable between 3 and 36 MHz.

load-resistor centertap grounded. The magnetizing
current now has somewhere to flow. The amplitude
and phase responses shown in fig. 6 are very close to
what one would expect. The balun appears to be
usable over 3-35 MHz, just by groundinig the load im-
pedance centertap! This, | believe, demonstrates the
necessity of providing a path for the magnetizing
current.

Before leaving the subject, look at the input impe-
dance of the balun with and without the load center-
tap grounded, as shown in fig. 7. There is very little
difference between the two impedance curves, so
we can conclude that impedance measurements by
themselves are not necessarily a good measure of a
balun’s actual performance.

So, a path for the magnetizing current is absolute-
ly necessary, but grounding the centertap may not
be practical in all cases and it causes an unbalance
even when it is possible. This result leads us to look
at another way of providing a path for the magnetiz-
ing current, namely, a tertiary winding.

coupling between windings

As previously noted, the tertiary winding is con-
nected between the high side of the balanced output
and ground as shown by E-F in figs. 1{C) or 3. You'll
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fig. 7. Input impedance of 50-ohm balun without tertiary
winding. Load impedance = 55.7 ohms balanced.

observe that it must support a voltage of g volts, the

same as each of the main windings. In fact, if accu-
rate amplitude and phase balance are to be main-
tained at the balanced terminals, the voltage across
all three windings must be the same at all frequen-
cies. This implies that the coupling between all three
windings must be very tight; indeed, the tightness of
coupling is one factor that determines the balun
bandwidth, a need that doesn’t seem to have been
pointed out before.

The degree of coupling between the main wind-
ings is not a problem as these windings are part of a
transmission line. The coupling between these wind-
ings and the tertiary winding, however, is crucial. I'li
discuss how to accomplish tight coupling when |
describe construction details.

The requirements imposed on the tertiary winding
are basically the same as those on the main winding:

first, the tertiary must support a voltage of g; sec-

ond, the series-resonant frequency should be at least
one octave above the highest operating frequency;
and third, the tertiary winding must have the same
number of turns as the main winding and be very
tightly coupled to it.

impedance levels

There seems to be a difference of opinion about
the inductive reactance required on a balun winding.
The usual number given suggests that the reactance
at the lowest operating frequency should be at least
ten times the characteristic impedance of the balun.
This might be a good number to use if the entire in-
put voltage, E, were across the balun winding. Ac-
tually, only one-half the input voltage is across any
one winding so that the reactance-to-characteristic-
impedance ratio can be reduced to 5. In his article,
DeMaw? suggests a value of 4; this ratio will give a
maximum VSWR of 1.64:1, which is better than most
Amateurs achieve anyway.

design procedure
With the preceding background, a design proce-
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dure can now be worked out as follows:

1. Number of turns and core size. The first prob-
lem is to select a core size and determine the number
of turns. These two choices are interrelated. If good
high-frequency performance — above 30 MHz — is
required, small physical size is important. Where
good low-frequency performance is important
and/or high power will be used, a large size is indi-
cated. If all three characteristics are desired, obvious-
ly compromises must be made.

Based on the experience of Reisert,7 | started with
an Indiana General F-568-1 core of Q-1 material.
Next, | wound a test coil on the core; it's not neces-
sary to use actual transmission line for this test wind-
ing provided the winding has the same form as that
of the final winding. | used no. 16 (1.3-mm) enamel
wire with the turns spread out to occupy the same
space as the final transmission line (RG-141/U coax
in this case).

Next, | measured the coil impedance over the fre-
guency range of interest, 3.5-30 MHz. The reactance
should be at least four to five times the characteristic
impedance over the entire frequency range desired.

It's a good idea to extend the impedance measure-
ments to at least one octave above and below the
wanted frequencies to ensure that the impedance is
well behaved. You should find that the reactance
peaks up at a given frequency, then falls off, and
eventually goes negative. The peak is the parallel-res-
onant frequency of the winding. The frequency at
which the reactance is zero is the series-resonant fre-
quency; this frequency must be at least twice the
highest frequency at which the balun will be used.

12-TURN BALUN

-3 b

SUSCERTANCE (millimhos)

1 | ! I O |
15 5 10 50 00
FREQUENCY (MHz)

fig. 8. Susceptance of a ten- and twelve-turn coil on a
F-568-1 core of Q1 material.

Generally speaking, it will be found that, for a
given core and winding form, the ratio of highest-to-
lowest usable frequency will be approximately con-
stant. Changing the number of turns will just slide
this ratio up or down on the frequency scale.

Measurements made on a 10- and 12-turn balun
are shown in fig. 8. I've plotted susceptance



(B = )1() since a high reactance or low susceptance

is desired; the curve would be off the paper over
most of the frequency range for any reasonable reac-
tance scale. If it’s required that the reactance be 250
ohms (five times the characteristic impedance), the
required susceptance range is between —4 milli-
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fig. 9. The measured resistive and reactive components of
input impedance of a 12-turn balun with a tertiary winding.
The load impedance was 55.7 ohms. The theoretical resis-
tive component is shown by the dotted line.

siemens and 4 millisiemens.* This places the low-fre-
quency limit at about 2 MHz for the twelve-turn
winding and 3 MHz for the ten-turn.

The real (resistive) component of impedance, if
measured on a series equivalent basis, should be no
more than one-tenth, and preferably one-twentieth,
the load impedance. If this component is measured
on a parallel basis, it should be at least ten to twenty
times the load impedance.

If you can’t get enough turns on the core, you'll
have to use a larger core or a higher permeability
material. | found that twelve turns would cover 2
MHz through 30 MHz. Comparing my frequency
range with Reisert’s,? | found that Reisert required
the reactance of the winding to be at least ten times
the characteristic impedance of the line, while |
allowed the reactance to drop to five times the load
impedance.

We can now turn our attention to the transmission
line.

2. Transmission line. It doesn’t seem to be general-
ly appreciated, but the characteristic impedance of a
balun transmission line must match the load impe-
dance. This is not because of VSWR considerations
but to obtain a flat frequency response at the high-
frequency end of the balun. This implies two require-
ments which are seldom true in the Amateur case;
First, the antenna impedance must be accurately
known, whereas it is usually estimated. Second,
even if you do know your antenna impedance, how
do you design a transmission line suitable for balun

*Millisiemens are the Sl units of conductance and susceptance replacing
the millimho; the abbreviation is mS.

use with that impedance? Since the design of balun
transmission lines would take an article itself, I'll not
consider it further.

To see the effect of a mismatch, let’s jump ahead
and look at the measured input impedance of the fin-
ished balun, which is shown in fig. 9. Here, the 50-
ohm coax was terminated in a 55.7-ohm balanced
load. By Amateur standards, this is a very close
match, yet the input impedance sags by more than
10 per cent at 30 MHz. Why?

To find out, let’s go back to the basics. The length
of coax used to wind the balun measured a quarter-
wavelength long at 45.33 MHz. At this frequency,
then, the input impedance for a 55.7-ohm termina-
tion should be 44.88 ohms caused by the quarter-
wave impedance inversion effect. For lower frequen-
cies, the theoretical input impedance, as calculated
from the transmission-line equation, is shown by the
dotted line; in fig. 9 note that the measured and
theoretical are within 1 or 2 ohms to beyond 30 MHz.
| could therefore have dramatically flattened the in-
put impedance curve by securing a better impedance
match at the output end.

If a balun designer were to look at the drooping in-
put impedance curve, without realizing its true
cause, he would think he had a bad design. On the
contrary, there’s nothing wrong with his balun that a
better match wouldn’t cure.

A mismatch has another detrimental effect —
namely, it adds reactance. Assuming the mis-
matched load is a pure resistance and the mismatch
is small, which | have, the maximum reactance will
be generated when the balun is about one-eighth
wavelength long, or at about 22.6 MHz in this case.
Notice the dip in reactance around that frequency.

This also points out the fact that, where a mis-
match may occur, the balun winding should be as
electrically short as possible. If the balun described
were to be used on a triband beam for, say, 10, 15,
and 20 meters, at least one turn, and possibly two,
should be removed from the balun.

The rise in reactance at the low-frequency end is
caused by the shunting effect of the tertiary winding.
If it's assumed that the series equivalent reactance
must be less than one-tenth the load impedance, the
limiting frequency for this effect is less than 1.5 MHz.

Since this balun will be used in a 50-ohm system, a
50-ohm line will be used: RG-141/U, which is coaxial
cable. I'm not particularly happy about using coaxial
cable for both electrical and mechanical reasons, but
| haven’t been able to construct a 50-ohm balanced
line that | consider satisfactory; so coax it is.

construction
Before winding the toroid, let's consider the terti-
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ary winding. | said earlier that the tertiary winding
should have the same number of turns as the main
winding and must be coupled very tightly to it. This
latter requirement means that the tertiary must be
wound as close as physically possible to the main
winding.

To ensure this, | removed the fabric covering from
the RG-141/U but left the outer Teflon layer of insu-
lation. | placed a length of no. 18 (1-mm) enamel wire
against the Teflon and covered it with heat-shrink
tubing. When the tubing had shrunk to size, | had a
compact assembly that could be wound as a single
unit on the Indiana General F-568-1 toroid core. *

The proof of a balun is in how well the output volt-
ages are balanced with respect to ground in both
phase and amplitude. Fig. 10 shows these measure-
ments. The amplitude deviation is from equal ampli-
tude (zero dB), and the phase is the actual phase of
the low side of the balun with respect to the high
side. This value, of course, should be 180 degrees.
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fig. 10. Amplitude and phase measurements at the balanced
terminals.

These measurements were made with a Hewlett-
Packard model 8405A Vector Voltmeter. Notice that
both deviations peak at about 40 MHz. This could be
a manifestation of the impedance mismatch and the
quarter-wavelength frequency. If so, it points out
again the importance of an accurate impedance
match between balun and load impedances. Even
considering the mismatch effect, the balance isn't
too bad. It's within 1 dB and 10 degrees to 30 MHz.

conclusion
I've attempted to explain how a balun works and

“A complete kit of parts for the high-performance balun is available from
Radiokit, Box 429, Hollis, New Hampshire 03049
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fig. 11. The finished balun.

to clarify some of the problems you must be careful
about when designing and building a balun. |'ve
emphasized the importance of 1) tight coupling be-
tween the main and tertiary windings of a balun and
2) good impedance matching between the balun and
load. | feel strongly about this to the extent that |
believe balun manufacturers should include impe-
dance information in their specifications.

I've also given one method of building a balun to
minimize the adverse effects of these problems. |
don't pretend that the balun design I've presented is
the only way around the physical limitations of a
balun; it's simply my best so far.

| hope my discussion of balun problems inspires
others to experiment and to produce a better balun.
With ingenuity, testing and a bit of luck, the balun of
the future can indeed be better than ever.
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INEXPENSIVELY SUPERIOR

The DS2000 KSR is the lowest
~_ priced RTTY terminal available
/X wﬂh these advanced features:

-r.“"

B TX/RX operation on Baudot and ASCII RTTY plus Morse Code (Morse RX optional)
W Integrated keyboard and video generator allows editing of transmit text

B Full 24 line by 72 characters per line display

M Bright/dim display of characters differentiates between TX and RX display

B Morse receive option may be added at any time

B Separate CW identification key for RTTY operation

B Status line on top of screen shows terminal operating conditions

MW Pretype transmit message into 255 character buffer; edit before transmitting

B 2 programmable “Here Is” messages

B Word-wrap-around prevents word splitting at end of display line

B Word mode allows editing of text to be transmitted

B Quick Brown Fox and RYRY test message keys

W Small size metal cabinet gives effective RFI shielding from transmitters

M Loop compatible RTTY connections and plus or minus CW key connections

M 110 and 300 baud ASCI|

M 45,50,57,74,.100 baud Baudot

M 1-175 wpm Morse transmit HAL Communications and
W 1-175 wpm optional Morse receive amateur radio serving

W 120/240 v, 50/60 Hz power the 1980 Winter Olympics
M Internal CW side-tone through W.O.R.A.N.

B UnShift On Space for Baudot (Winter Olympics Radio

M Keyboard Operated Switch Amateur Network)

B SYNCidle for RTTY
B One year warranty
Write or give us a call. We'll be glad to send you our new RTTY catalog.

l;.laL 3‘(5:50MMUNICATIONS CORP. DS2000KSR. .. $499.00
Urbana, lllinois 61801 ESM-914 Video Monitor...$169.00
217-367-7373
MR2000
For our European customers, contact: Richter & Co. D3000 Morse receive option_.._$159.00

Hannover 1 ¢ |.E.C. Interelco, 68186 Bissone/Lugano  Radio
Shack Ltd., London NWE 3AY  Erik Torpdahl Telecom, DK 3660
Stenlose Denmark
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third-generation Touch-Tone decoder

Another approach to
the Touch-Tone decoder
for your repeater or
remote-base station

If you own a repeater or a remote-base station,
you've probably been faced with the problem of
coming up with a good Touch-Tone* decoder. Now
you can throw away your toroids and NE567s. Also,
you can throw away the falsing problems that go
with these devices and still not throw away half a
month's salary in the process.

I’'m talking about the Mostek MK5102N-5 decoder
chip.1 This device accepts the audible Touch-Tones
and converts them to either row-column information
or BCD four-bit binary information. The chip also pro-
vides a valid strobe for logic interfaces. The only
external parts required are a 3.579545-MHz TV color-
burst crystal and a band separation filter-limiter
circuit.

To prevent falsing, the decoder requires 40 milli-
seconds of valid tone before the strobe and outputs
generate output information. When used in the cir-
cuit described here, an input level variation above 20
dB presents no falsing problems. Differences in level

*Touch-Tone is the registered trademérk of the American Telephone and
Telegraph Company.
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between the high and low tones (twist) of over 6 dB
don‘t affect performance.

features

The circuit provides the following features for use
in a repeater or remote-base application:

1) Sixteen outputs for use in control circuits

2} Requires five tones of proper frequency and order
within five seconds of the first digit before a control
output is generated

3) Provides *, #, 1, and O for use in autopatch appli-
cations (optional) ’

4) All ten digits are available for use in a regeneration
autopatch system (optional)

B) Strobe and BCD information are available for use in
external circuits

6) Control outputs (command outputs) and phone-
patch outputs can be either high-true or low-true

7) Requires a single + 12 Vdc supply
8) Cost is approximately $100 for all features

Touch-Tone decoding has been covered in numer-
ous articles. Therefore, | won't rehash all the basic
information. Reference 1 gives a complete descrip-
tion on how the MK-5102-N5 works. For our pur-
poses let’s just say that we put high group and low
group in and get BCD information out.

By James Wyma, WA7DPX, 12952 Osborne
St., Arleta, California 91331
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fig. 1. Improved Touch-Tone decoder schematic using the Mostek MK5102N-5 decoder chip. A kit is available for the complete
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circuit description

The Touch-Tone decoder schematic is shown in
fig. 1. Let’s start at the audio input. IC-1A is one-
fourth of a MC3401 op-amp used as a buffer ampli-
fier. The MC3401 is a special op-amp constructed to
run on single-ended power supplies. You'll note that
provisions are made for two inputs on the decoder
{RX audio and control RX audio}. These inputs
should be low level (approximately 20-30 mV p-p). If
your receiver audio level is much higher than this,
you may have to change the input-pot value or the
value of the feedback resistor in the op-amp
{between pins 8 and 9),

The gain and input pot should be adjusted for a
level of approximately 100 mV p-p (22 mV rms) when
a tone corresponding to the digit 5 is being received
{measured at IC-2 pin 4). Take care in setting up this
level. If excessive levels, such as 1 volt p-p, are
shown at this point, the decoder won't function
properly. If both inputs are used, provisions should
be made for gating the two signals so that only one
signal is present at a time. This can be done by using
a COR or PL logic level from the control receiver to
gate a CD4066 analog switch.

When a signal (or PL) is received on the control
receiver, the repeater input is gated off and the con-
trol input is turned on. When in the repeater-input
mode (no control signal), the opposite occurs. If only
one input is needed, delete the additiona! pot, resis-
tor, and coupling capacitor.

separation filter-limiter

I mentioned earlier that the MK5102 needs a band-
separation filter and limiter circuit. The ACF7711
(1C-2) performs band separation. This couid be done
by cascaded bandpass amplifiers using op-amps as in
reference 1. However, the ACF7711 has the advan-
tages of size and temperature stability.

To obtain the stability of the ACF7711 in a discrete
op-amp circuit, high-precision capacitors and resis-
tors are required, which aren’t cheap. The two 47k
resistors and the 1-uF capacitor on IC-2 pins 6 and 7
allow the filter to function on a single-ended supply.
Don’t omit the 1-uF capacitor at this point.

Speaking of capacitors, let's make a point at this
time. All the 1-uF capacitors should be of the low-
leakage type. The two outputs (high and low group)
of the separation filter feed into limiters (IC-1B and
IC-1C). These amplifiers feed square-wave signals to
the decoder. {For a more detailed description of the
band separation filter and limiter, refer to the data
sheets for the ACF-7711 and the Mostek MK-5102-N5,
which are available from references 2 and 3 respec-
tively.)
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Incidentally, a pin-for-pin equivalent of the
ACF-7711 is made by Data Signal Corporation of
Watertown, Massachusetts. However, | was informed
by their sales manager, Mr. Clarence L. Walker, Jr.
(after two letters and three phone calls to reach him)
that: ‘“We have plenty of business without dealing
with a bunch of cheap hams who always want some-
thing for nothing.”” So be it. | hope you bear this in
mind if you plan to do business with this company.

decoder-translator

The limited signals are fed into the high- and low-
group inputs of Mostek decoder IC-3. The output
format pin (pin 6) is grounded so that the outputs are
in the form of BCD-coded information. Note that the
MK-5102-N5 is a 5-Vdc CMOS device. However, the
control logic used in our repeater is high level CMOS
(12 Vdc). This was done to obtain a higher noise
immunity level on the circuits. This function is per-
formed by 1C-4 and I1C-9.

IC-4 translates BCD information. |C-9 translates the
strobe to high level CM0OS. The F4104 IC provides
both noninverted and inverted outputs. In the strobe
case, both outputs are used. The BCD information
from IC-4 is fed to IC-5, IC-6, and IC-7. The BCD
information is also fed into the board edge connector
for use in other auxiliary equipment (such as LED
number display, auto-dialer, Touch-Tone regener-
ator, or additional control circuits).

The CD4514 and CD4515 (IC-5, 6 and 7) are
BCD-to-16 output decoders. The CD4514 and
CD4515 are identical except for the output states.
The CD4514 has true outputs high, while the CD4515
outputs are low. Other than this, the two.are pin-for-
pin identical. What this means is that IC-6 could be
replaced with a CD4514 if you needed command out-
puts that were high instead of low. The same is true
for IC-7. The device used in IC-5 must be a CD4514
{unless you don’t want things to work).

mode-select logic

After running through the translator, the strobe is
fed to IC-8 pins 1 and 5. Pins 1 and 5 are inputs to
two sections of the NAND gates. The other inputs
{pins 2 and 6) of these two NAND gates go to IC-9
pins 6 and 7. These two outputs of IC-9 are the non-
inverted and inverted outputs of the input on pin 5.
IC-9 pin 5 is what | call the "'mode-select input” for
the decoders.

The state of the mode select {high or low) deter-
mines whether the sequential control outputs or the
phone patch outputs are enabled. To explain this,
let’s go through the logic when the mode select input
is high. This condition corresponds to the control
mode when the sequential control decoder is enabled.



A high on IC-9 pin 5 produces a high on pin 6. This
action causes a high on IC-8 pin 2. When a valid
Touch-Tone digit is decoded, the strobe is high. This
action places a high on IC-8 pin 1.

When both inputs (pins 1 and 2) of IC-8 are high,
the' NAND output is low (pin 3). This output is con-
nected to IC-5 pin 23 (the enable pin for the CD4514).
When this pin is low, the inputs are enabled. When
high, the outputs all go to a low state. It's necessary
to return all the outputs to a low state for the sequen-
tial decoder to function correctly. During this time,
the phone-patch outputs are disabled because IC-7
pin 23 is held high. A high on IC-9 pin 5 places a low
{inverted output) on IC-8 pin 6. Consequently, even
fhough pin 5 is strobed high, the output remains
high. This high state keeps 1C-7 disabled.

When the mode-select input is low a similar pro-
cess occurs, except that IC-7 is enabled and IC-5 is
disabled. IC-6 outputs are disabled by the sequential
decoder. (This will be explained later.) The mode
select input can be controlled by a COR or PL output
on the control receiver. If your application doesn’t
require the phone patch output, the mode select pin
should be wired to +12 volts. The phone-patch
decoder (IC-7) can be deleted from the board. If you
want the phone patch outputs but not the command
outputs, ground the mode-select input. If this is done
ICs 5, 6, 10, 11, and 12 can be omitted.

sequential decoder

The heart of the sequential decoder is a CD4022
(IC-12) Johnson Counter, the electronic equivalent
of a stepping relay. For the counter to advance, the
two clock inputs must be in the correct states and
the master reset must be low. Each time the inputs
are in the correct conditions (a code match) the
counter advances one position. When the counter
advances for the fourth time, a carry output is gener-
ated. This output is called Q4-7. Q4-7 will be low dur-
ing the fourth through seventh advances of the
counter.

To explain, let's run through a typical code
sequence. The decoder is set up so that the first four
digits are a common address for command func-
tions. The fifth digit determines the actual command
output from IC-6. From the time that the first digit is
sent, the next four digits must be sent within approx-
imately five seconds. The reason for this is that when
someone starts sending random digits on a pad, he
will have a hard time hitting the correct digits within a
five-second period.

Say that our address is 4-1-3-7. The outputs from
the IC-5 are strapped to the D1 through D4 inputs
(see fig. 1). One way to do this is to use a wire wrap
edge connector on the PC board. The correct code is

wire wrapped from outputs to inputs. In our case,
the output pins for 4, 1, 3, and 7 would be strapped
to D1, D2, D3, and D4 respectively. The four digit
inputs go to one of the inputs of each section of the
quad NAND gate, IC-11. The remaining input of the
NAND gates is connected to IC-12, pins 2, 1, 3, and
7, the Johnson counter. These four pins correspond
to Og, 04, 02, and O3 of the counters. These are the
first four positions in the counter outputs.

The digit inputs, IC-11, diode CR1 through CR4,
and the counter outputs form a sequential coinci-
dence circuit. Each time a correct digit is in the prop-
er position of the sequence, the counter will advance
one position on the outputs.

In our example the first digit is 4. A "4 places a
high on IC-11 pin 1. The counter is in the reset posi-
tion, so output Op {pin 2) of 1C-12 is high. These two
highs cause a low on the NAND-gate output (IC-11
pin 3). This signal is coupled through CR1 to the
counter clock input. The other counter clock input is
connected to the inverted strobe output of translator
chip IC-9.

These two simultaneous inputs cause the counter
to advance if the master reset pin (IC-12 pin 15} is
low. The master reset is connected to the IC-10 Q, a
CD4528 monostable multivibrator. 1C-10 is triggered
by the high input from D1 (IC-10 pin 4). The resistor
and capacitor values on {C-10 pins 1 and 2 multivibra-
tor determine the time constant (the length of time
that the MR pin [pin 15] on the Johnson Counter
stays low).

The vaiues shown in fig. 1 give you about five sec-
onds to enter the remaining three address digits
{D2-4) and the command digit. When the coinci-
dence circuit has received digits 4-1-3-7-9, a low is
placed on IC-12 pin 12 (Q4-7 output). This low turns
on the enable input of IC-6 (pin 23}. With the chip
enabled, the BCD information on IC-6 input is con-
verted to one of the sixteen corresponding output
digits. These outputs are the command outputs,
which drive the logic functions in your remote base
or repeater.

The CD4515 produces low true outputs. As previ-
ously stated, a CD4515 can be used as IC-6 if you
need high outputs to drive your logic. The command
outputs will remain latched until the timer resets the
master reset on the counter. These outputs will then
return to all low for the CD4514 or all high for the
CD4515. If you need latched command functions,
the outputs could be used to drive a CD4043 or
CD4044 quad R-S latch. If you need to drive relays, a
CD4049 or CD4050 could be used as a buffer for the
relays. If you need to drive outside information (amp
or other equipment), the BCD-coded information and
strobe are brought out to the edge connector pins.
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CRYSTAL FILTERS and DISCRIMINATORS
9.0 MHz FILTERS
25kHz SSBTX
24kHz SSBRX/TX
3.75kHz AM
50kHz AM

$44.85
;i Export

$65.4
12.0kHz NBFM . Inquiries
0.5kHz CW (4 pole .
0.5kHz CW (B pole ! Inuited

9.0 MHz CRYSTALS
XF900 i Carrier . Shippin,
Ues : pping
51.75

8999.0kHz BFO

Hc25/u  Socket Chassis ; per filter

Hc25/u Socket P.C. Board

VHF and UHF FILTERS
ELIMINATE IMD “BIRDIES"
FROM YOUR RECEIVER.
CLEAN UP YOUR TRANS-
MITTER OUTPUT.

OSCAR-J FILTERS

Suppress 2m Tx Third Harmonics. Low 2m loss
* (0.5dB typ.). High loss at 435 MHz (30/40 dB).

& MMi200-5 30 dB min. atten.  $31.45
<" MMf200-7 40dB min. atten. $41.95

TRANSVERTERS FOR ATV
OSCARS 7,8 & PHASE 3

Transverters by Microwave Modules and other manufacturers can convert your
existing Low Band rig to operate on the VHF & UHF bands. Models also
available for 2M to 70cm and for ATV operators from Ch2/Ch3 1o 70cms
Each transverter contains both a Tx up-converter and a Rx down-converter
Write for details of the largest selection available

Prices start at $189.95 plus $3.50 shipping.

SPECIFICATIONS

Output Power mnow
Receiver N.F. 3dB typ.
Recelver Gain 30dB typ
Prime Power 12v DC

432 MHz PS1432 $58.95

1296 MHz PS11296  $58.95

1691 MHz PS11691 $59.95
Shipping $3.50

Attention owners of the nrlglnal MMt432-28 models: Update your transverter
to operate OSCAR B & PHASE 3 by adding the 434 to 436 MHz range. Mod kit
including tull instructions $23.00 plus $1.50 shipping, etc

ANTENNAS (FoB CONCORD, VA UPS)

144-148 MHz J-SLOTS

BOVER 8 HORIZONTAL POL. + 12.3dBd Dai2m $55.95
8BY BVERTICAL POL. . D8/2M-VERT. $65.60
8+ B8 TWIST BXY/2M $57.75

420-450 MHz
MULTIBEAMS

For local, DX, OSCAR,
and ATV use.

48EL.  GAIN +15.7 dBd 70/MBM48 $64.95
BB EL. GAIN + 18.5dBd 70/MBM88 $88.25
UHF LOOP YAGIS

28 LOOPS GAIN +20dBi
1250-1340 MHz 1296-LY
1650-1750 MHz 1691-LY

Send 30¢ (2 stamps) for full details of KVG crystal products and all your VHF & UHF equip

menl requirements -
Pre-Selector Filters Amplifiers SSB Transverters |@l
]

50-ohm, Type N Conneclor
$59.90

Varactor Triplers Crystal Filters FM Transverters
Decade Pre-Scalers Frequency Filters VHF Converters
Antennas Oscillator Crystals UHF Converters

Spectrum
nternational, Inc.
Office Box 1084C

ass. 01742, USA
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power supply

If a 12-volt battery is used, the resistor and zener
diode should be used. (Omit the 7812 IC. It must
have at least 14 Vdc to work). If a higher voltage is
used, the 7812 regulator can be used (omit the
zener). Select the value of the 560-ohm resistor for
your particular input voltage. The value of the 1k
resistor on the 7805 regulator should be selected so
that approximately 7.5 volts is present at the regula-
tor input. A 5-volt diode could be used. However, |
prefer the regulator IC because it filters out a lot of
the garbage present on the supply line. The HEP170
diode is for reverse-polarity protection. The fuse can
be either on the board or mounted externally. If
externally mounted, install a jumper on the PC board
where F1 is shown.

a kit is available

To assist those who have trouble finding parts, I've
prepared a kit for the decoder. Please send checks or
money order to Reliable 2-Way Radio, 513 W. 10th
St., Casa Grande, Arizona 85222. Here's a list of the
various options and prices:

complete kit — all parts and PC board $140
assembled and tested add $165
kit — phone only

(no sequential decoding) $130
complete kit less PC board $115
PC board only $ 25

Prices include sockets for all ICs (Molex pins for
ACF7711). The price doesn’t include edge connector for
board. The edge connector is a Masterite, part no.
000206-1159. The connector is available for $6 from the
above address.

If you have questions or comments about the cir-
cuit, send me a letter with an SASE for a reply. I'll be
glad to answer your questions if | can. Good luck on
your remote base or repeater.
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The engineering R A K brings an entirely new state of the art
breakthrough by \| & o worldwide radio communications...

solid state Y

continuous coverage

continuous coverage reception — no gaps —
no range crystals required

Amateur Band transmission, including
capability for MARS, Embassy, Government,
and future band expansions

7 Line Accessories

* RV7 Remote VFO » PS7 120/240V Ac
Supply ® Aux7 Range Program Board
* MS7 Matching Speaker e NB7 Noise
Blanker e FA7 Fan e SL300 Cw Filter,
300 Hz » SL500 Cw Filter, 500 Hz

¢ SL1800 Ssb/RTTY Filter, 1.8 kHz

* SL6000 A-m Filter, 6.0 kHz® MMK7
Mobile Mounting Kit e TR7 Service
KitExtender Board Set ® TR7 Service/
Schematic Book.

Sophisticated
System Concept

Innovative
Design Features

Straightforward
Simplified Operation

State of the art
performance
now a pleasure

» Broadband, 100% Solid State Design.

* Exclusive Synthesized/PTO Frequency Control — 1 kHz dial, 100
Hz digital readout. 500 kHz range pushbuttons.

» Continuous, Wide Range Frequency Coverage — 1.5 thru 30 MHz
(zero thru 30 MHz with optional Aux7).

» State of the Art “Up-Conversion’ Receiver Design — with high
level double balanced mixer.

» True Full-Passband Tuning improves reception in heavy QRM.

» Unique Independent Receive Selectivity — Optional front panel
pushbutton-selected filters.

» Effective Noise Blanker — true impulse-type performance.

» Special High Power Solid State Power Amplifier — diagonal heat
sink allows internal mounting. Continuous duty on SSTV/RTTY
with optional fan.

* TR7 Internal Test Facilities — 'S" meter and built-in rf Wattmeter/
VSWR Bridge.

* Receiver Incremental Tuning (RIT)

Specifications and prices subject to change without notice or obligation.

R.L.DRAKE COMPANY

<giE : 540 Richard St., Miamisburg, Ohio 45342
. Phone: (513) 866-2421 » Telex: 288-017

For a FREE Drake Full Line Catalog contact your favorite Drake Dealer.

More Details? CHECK — OFF Page 94
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how to modify
surplus cavity filters

for operation on
144 MHz

Simple conversion
of surplus

417/GRC filters

for top performance
on 2 meters

While browsing through an electronics surplus
catalog recently | came across a rather obscure item
that immediately caught my attention: a small photo-
graph of what appeared to be a dual-section reso-
nant cavity assembly described as a “‘Bandpass Filter
for 417/GRC Receivers.”” The published operating
frequencies are listed in table 1. Since | had been
playing around with homebuilt cavities for some time
and was putting one to good use at my 2-meter base
station, | thought it would be worthwhile to look into
the surplus filters.

| ordered the F-194/U bandpass filter that covers
the 2-meter Amateur band* and was very pleased to
find that it was indeed a dual-section tunable cavity
resonator, beautifully built both electrically and
mechanically, probably at considerable government

expense. The unit was neatly calibrated, rugged, and
gold plated with low-loss Teflon insulation.

| ordered several more of the same model for
experimental use but was told that that particular
unit was sold out. It then occurred to me that per-
haps the lower frequency units could be converted
for use on the 144 MHz 2-meter band. | placed an
order for the only low-frequency models that were
available: F-239/U (58.5-67 MHz), F-192/U (100-121
MHz)and F-193/U (121-142 MHz). | was soon pleased
to find that | was able to convert all three models for
operation in the 2-meter Amateur band. The purpose
of this article is to make more Amateurs aware of this
unique surplus item and to outline the modification
procedure for 2-meter operation. ‘

bandpass filters

Cavity type bandpass filters have been around a
long time and have been referred to by many names,
such as resonant re-entrant cavity, coaxial bandpass
filter, coaxial tank filter, coaxial TVi filter, tuned cav-
ity filter, stripline filter, trough line filter, etc. Such
cavities have been built in many different sizes and
shapes; filter construction projects in the Amateur
magazines have been based on common household
items from beer cans to coffee tins, metal chassis,
rectangular project boxes, and paint cans. The
theory of operation of a cavity resonator can be
described briefly as such: A cavity is an enclosure or
partial enclosure of any size and shape having con-
ducting walls or surfaces that can support oscillating
electromagnetic fields within it and possesses certain

By William Tucker, WAFXE, 1965 South
Ocean Drive, 15-G, Hallandale, Florida 33009

*$12.95 from Fair Radio Sales, Post Office Box 1105, Lima, Ohio 45802.

42 february 1980



resonant frequencies when excited by electrical oscil-
lations.

Most Amateurs know that a quarter-wavelength of
coaxial cable, shorted at one end, is equivalent to a
parallel resonant circuit; the resonant cavity is similar
and can be seen as a wide-diameter quarter-wave-
length coaxial line shorted at one end, using air as
the dielectric. These filters have been used for many
years as the very high Q tank circuits in vhf and uhf
transmitters and as the tuned rf circuits of receivers.

The radio-frequency current is maximum at the
shorted end of the coaxial line or cavity, so a great
deal of care must be exercised to ensure a good low-
resistance rf contact. Because of skin-effect, copper,
‘silver, or even gold is used to provide high conduc-
tivity.

The open end of the coaxial cavity exhibits a very
high impedance and, therefore, high voltage. If con-
struction requires insulation at the open end, care

table 1. Resonant frequencies of the surplus tunable
bandpass filters for 417/GRC receivers.

MHz MHz
F-238/U 50.0-58.5 F-196/U 184-205
F-239/U 58.0-67.0 F-197/U 205-226
F-240/U 67.0-76.0 F-199/U 224-254
F-241/U 75.0-84.0 F-200/U 254-284
F-242/U 84.0-92.5 F-201/U 284-314
F-192/U 100 - 121 F-202/U 314-344
F-193/U 121 - 142 F-203/U 344-374
F-194/U 142 - 163 F-204/U 374-404
F-195/U 163 - 184 F-236/U 550-600

must be used to select very low-loss materials so the
very high Q will not be degraded.

Optimum performance can be expected from a
coaxial resonant cavity when the electrical length of
the cavity and its inner conductor is a full quarter-
wavelength long; the frequency of the cavity can be
changed by varying the length of the inner conduc-
tor. In those cases where a full quarter-wavelength
cavity is impractical, shorter lengths can be used
with capacitance loading. A coaxial line or cavity
shorter than a quarter-wavelength is electrically
equivalent to an inductive reactance and requires the
addition of capacitive reactance to equalize and
achieve resonance; this is accomplished by adding a
low-loss capacitor across the open end of the cavity.
A variable capacitor provides a convenient method of
tuning the cavity to the desired frequency. Generally
speaking, the least amount of added capacitance
results in highest @ and maximum efficiency (fig. 1).

surplus filters
The physical size of bandpass filter assemblies

HI =lM[I | I] | q;i
A A
(4] o e ©

fig. 1. Quarter-wavelength coaxial cable, shorted at one end
(A), is equivalent to shortened, capacitance-loaded cavity
(C). Performance is similar to lumped L-C tuned circuit (D).

used in the 417/GRC receivers is the same, although
the length of the cavities vary according to frequency
coverage. The maximum length of the actual cavities
in these assemblies is 9 1/8 inches (23.2 cm). That
length is fine where it approaches a quarter-wave-
length at the higher frequency ranges, butis far short
of optimum at lower frequencies. Though the full 9
1/8 inches (23.2 cm) of cavity space is available, the
designers did not take full advantage of the space.
Shorter lengths were used on all cavities starting
with the F-193/U (121-142 MHz). The F-193/U cav-
ity, for example, is 7 3/4 inches (19.7 cm) long, and
the F-194/U (142-163 MHz) is only 6 3/4 inches (17.2
cm) in length. Both the F-239/U and the F-192/U use
the full 9 1/8 inches (23.2 cm). For conversion to
144-148 MHz, it is best to select one of the lower fre-
quency units to take full advantage of the additional
length. (Note that a full quarter-wavelength on two
meters is approximately 20 inches [51 cml). The
reduction in length below the optimum quarter-
wavelength lowers the Q of the cavity, but it is still
higher than the much lower Q afforded by conven-
tional lumped L-C circuits at these frequencies.

fig. 2. Placement of loops for in-
put/output coupling to the cavity.
For light loading (highest Q), the
loops must be small and spaced
well away from the center con-
ductor.

B

coupling

Rf energy is usually coupled into and out of this
type of resonant cavity with pickup loops placed dia-
metrically opposite each other in the electromagnetic
field that exists in the shorted high-current end of the
cavity (fig. 2). The loops are similar and allow the
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cavity to be used bilaterally. The size of the pickup
loop, its position, and its proximity to the center con-
ductor are the factors that determine the degree of
coupling to the cavity. Large loops and close proxim-
ity to the center conductor provide close coupling;
small loops spaced away from the center conductor
result in loose coupling. Variable coupling in large
commercial cavities is provided by rotatable pickup
loops.

Close coupling reduces the selectivity and lowers
insertion loss; conversely, loose coupling increases
both selectivity and insertion loss. Two or more cavi-
ties can be cascaded for wider bandpass with steeper
selectivity skirts, or to provide increased selectivity,

-

%: CAVITY CYLINDER

fig. 3. Original configuration of the F-193/U filter which was
designed to cover 121-142 MHz; carefully remove 1/8 inch (3
mm) of material from part B to convert to two meters.

depending upon the degree of input/output coupling
used in each cavity.

filter applications

Bandpass filters of the type discussed here are
most often used to minimize or eliminate intermod
and desense interference which originates from
sources outside the desired band. On 2 meters such
interference may originate in the 150-170 MHz com-
mercial band; considerable interference also origi-
nates in the local fm and television broadcast bands
and in the 120-136 MHz aircraft band. In most cases
the cavity bandpass filter is placed in series with the
transmission line to the antenna and attenuates all
signals which fall outside its sharp passband.

As an example, | am located not far from two pow-
erful broadcast stations, an fm station on 91.3 MHz
and a Channel 2 television transmitter (video on
55.25 MHz). The two signals get into the front end of
my receiver through the antenna, mix, and produce a
broad, garbled fm signal centered on 146.55 MHz.
Insertion of a bandpass cavity in the transmission line
completely removes the offending signals and allows
simplex communications on 146.55 MHz with the
weakest signals.

Most Amateurs use transceivers on 2 meters so
the cavity is in the transmission line during transmis-
sion as well as reception. This is a bonus because the
cavity provides many benefits when used in the
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fig. 4. Setup for adjusting the converted dual-section cavity
of 144-MHz; tune for minimum VSWR at the desired
operating frequency.

transmitted output. Spurious out-of-band emissions,
including harmonics, are greatly attenuated, thus
minimizing possible illegal interference with other
services; this also reduces the possibility of TVI.

surplus filter conversion

Conversion of the 417/GRC bandpass filters does
not require the addition of any parts. The F-193/U
unit, which was originally manufactured to cover
121-142 MHz, requires only a simple modification to
tune it up on the Amateur 2-meter band. Remove the
six hex nuts from the rear of the assembly and care-
fully slide out the stationary portion of the cavities
and its housing. Referring to fig. 3, part B is the fixed
portion of the variable concentric capacitor which
provides a fixed lumped capacitance because of its
proximity to the cavity wall; variable capacitance is
introduced by the movable capacitor section, part A,
fig. 3, which is controlled by the front panel knob.
The conversion is made by simply removing no more
than 1/8 inch (3 mm) from part B (shown by the dot-
ted line) with a hacksaw, grinder, or hand file;
remove all burrs, reassemble the cavity, and the con-
version is complete except for testing.

A dipmeter may be used effectively to check the

5: CAVITY CYLINDER
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fig. 5. Conversion of the F-192/U filter (100-121 MHz) to two
meters. Original arrangement before conversion is shown at
(A); (B) shows the modification with a hex nut which moves
the resonant frequency to the 144-MHz band.
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fig. 6. Modification of the F-239/U filter (58.5-67.0 MHz) for operation on the 144-MHz Amateur band (see text).

frequency range. Use a very small pickup loop con-
nected to either port of the cavity (about 1/2 inch [12
mm)] or less) and couple it lightly to the dipmeter.
With the front dial turned fully clockwise, a sharp dip
should occur around 130 MHz; fully counterclock-
wise, the dip should occur at about 155 MHz. Note
that the dips are very sharp in this lightly loaded con-
dition and can be easily missed. Check both input
and output in the same way. The dial can be recali-
brated in any manner you wish.

If a dipmeter is not available, a receiver can be
used to find out if you are in the 2-meter range. Tune

in a rather weak signal and as you tune the cavity to
resonance at that frequency, the signal should pick
up nicely.

After you have determined that the conversion is
successful, you can install the unit permanently in
the transmission line as shown in fig. 4. Adjust the
cavities for lowest VSWR. When transmit frequency
is moved appreciably, about 500 kHz, you may have
to retune the cavity for lowest VSWR. | suggest you
keep the VSWR meter and the cavities as close as
possible to the transceiver.

The F-192/U filter was originally designed to cover
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100-121 MHz. Follow the same procedure as previ-
ously when taking the assembly apart. The conver-
sion simply involves rearranging the configuration as
shown in fig. 5, before A, and after B. The hex nut
used as a spacer is borrowed from the rear of the
assembly. Make sure the Teflon insulator is reassem-
bled with the extrusion part as shown because this
provides a lowest leakage path at the high impe-
dance point. When testing this unit, note that the
capacitor will short out at the full clockwise position.
The frequency range should be about 135-175 MHz.

The F-239/U filter was designed to cover 58.5-67
MHz and requires more extensive modification.
Before taking the assembly apart, remove the three
screws visible on the outside surface of the cavity.
Carefully slide out the fixed portion of the assembly
and remove all the fixed and variable capacitor sec-
tions from the center conductor and the rotor sec-
tion. Select the parts needed as shown in fig. 6 and
reassemble. You will have quite a few pieces of hard-
ware left over for your junk box. The only additional
parts you will need are two or three thin washers that
can be used as spacers (part G, fig. 6); as shown,
the modified cavities cover 120-170 MHz. If more se-
lectivity is desired, the pickup loops can be shortened
by any convenient method.

In addition to using the dual cavity assemblies in
the conventional manner as bandpass filters, they
can also be used as series-resonant traps by shunting
them across the line as shown in fig. 7; in this appli-
cation the filter is used as a wave trap. If you wish,
you may separate the two cavity sections by discon-
necting the connecting link between them; you will
then have two separate series-resonant traps as
shown in fig. 8. You can also separate the two cavi-
ties for use as two individual bandpass filters by
removing the connecting link and installing two con-
nector sockets. Because of the limited space, | sug-
gest you use BNC connectors.

summary

When you become familiar with the action of these
fine cavity assemblies and have digested the many
good articles that have appeared in the various hand-
books and magazines, you will find many other uses
for them around your hamshack. You could even
build a duplexer for a repeater using these units as
the foundation.

4 i i 3 TO
ANTENNA

WAVE
TRAP

Lot

fig. 7. Use of the dual section cavity as a tuned wave trap.
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REMOVE JUMPER

fig. 8. Separation of the two cavities for use as two tuned,
single-section wave traps.

| have included a list of magazine articles from the
past ten years for the convenience of those readers
who wish to delve further into the subject of cavity
filters.
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Model 2001 Sweepable
Function Generator. $186.00*

Get the waveforms youneed— 1 Hzto 1 MHz in
five overlapping ranges: stable, low-distortion
sine waves, fast rise/fall-time square waves,
high linearity tnangle waves —even a separate
TTL square wave output. Plus high- and low
level main outputs

An applied DC Voltage at the Sweep input
can shift the 2001's frequency; or sweep up to
100:1 with an AC signal

A pushbutton activates the DC Offset
control, which shifts the output waveform up or
down on command

You'd expect to pay a lot more for all the
2001 can do!

Model 4001 Ultravariable
Pulse Generator.” $210.00"

Here's a precision digital pulse generator with
fast rise and fall times covering 0.5 Hz to 5 MHz
in 5 overlapping ranges. With pulse width and
pulse spacing each independently variable
from 100 nsec to 1 sec foran amazing 107:1
duty cycle range

You'll find the 4001 delivers the pulse
modes you need: Continuous, One-Shot, Trig-
gered, Gated, Square Wave, even a Comple-
ment mode. The Trigger/Gate input, 50 Ohm
variable output, TTL-level output and Sync
output connectors are BNCs

The 4001. Nothing does as much as well
for anywhere near the price

Smarter tools for testing and design.
CONTINENTAL SPECIALTIES CORPORATION

Call toll-free for details

1-800-243-607

pynght 1975
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The TS-180S with DFC (Digital Frequency Control) is Kenwood's top-of-the-line all solid-state HF SSB/CW/FSK transceiver
covering 160 through 10 meters, with outstanding performance and many advanced functions, including four tunable

memories to provide more operating flexibility than any other rig!

TS-180S FEATURES:

# Digital Frequency Control (DFC), including four memories and
digital up/down paddle-switch tuning. Memaories are usable in
transcefver or split modes, and can be tuned in 20-Hz steps up or
down, slow or fast, with recall of the original stored frequency.
(Also available without DFC.)

® All solid-state; 200 W PEP/160 W DC input on 160-15 meters, and
160 W PEP/140 W OC on 10 meters.

 [mproved dynamic range, with improved circuit design and RF
AGC (“RGC"), which activates as an automatic RF attenuator to
prevent receiver overioad.

« Adaptable to three new bands, and VFO covers more than 50 kHz
and DFC 100 kHz above and below each band.

® Built-in microprocessor-controlled digital display. Shows actual
frequency and switches to show the difference between the VFO
and “M1" memory frequencies. Blinking decimal points indicate
“out of band.” (An analog monoscale dial is also included.)

« |F shift (passband dialing ta eliminate ORM).

= Dual SSB filter system (second filter is optional) to provide very
sharp receiver selectivity, improved S/N, and 30 dB compression
with RF speech processor on transmit.

* Tunable noise blanker, to eliminate cross modulation from strong
signals when noise blanker is on.

» Selectable wide and namow CW bandwidth on receive (500-Hz
CW filter is optional).

« 558 normal/reverse switch (proper sideband is automatically
selected with band switch).

© Dual RIT (VFO and memory/fix).

* Available without DFC. Digital frequency display still included,
with differential function showing difference between VFO and
“digital hold” frequencies.

OPTIONAL ACCESSORIES:

= DF-180 digital frequency control (for TS-180S without DFC),
o YK-88CW 500-Hz CW filter,
* YK-885SB second filter for dual-filter system.




SP-100

R-1000

The R-1000 is a highly advanced communications receiver. Up-conversion, PLL circuitry and other new technology pro-
vide optimum sensitivity, selectivity, and stability from 200 kHz to 30 MHz. Featuring easy-to-operate single-knob tuning
and digital frequency display, it's perfect for listening to shortwave, medium-wave, and long-wave bands. Even SSB
signals are received perfectly. Included is a quartz digital clock and timer.

R-1000 FEATURES:

# Continuous frequency coverage from 200 kHz to 30 MHz.

# 30 bands, each 1 MHz wide.

® Five-digit frequency display and illuminated analog dial.

» (uartz digital clock and ON/OFF timer.

* Multi-modes. .. AM (wide and narrow), SSB/(USB and LSB),
and CW.

® Three IF filters... 2.7 kHz for SSB and CW, 6.0 kHz for AM
narrow, and 12 kHz for AM wide.

e Effective noise blanker.

® Built-in speaker.

o Three antenna terminals.

* RF step attenuator.

* Tone control.

= Recording terminal

* Remote terminal, for access Lo timer relay ON/OFF circuit and
muting circuit.

» SSB sensitivity of 0.5 uV from 2 to 30 MHz.

* More than 60 dB IF image ratio.

* More than 70 dB IF rejection.

e e T IR Y ==

The R-300 all-band communications receiver covers
170 kHz to 30 MHz in six bands. It's ideal for listening
to foreign broadcasts and other exciting transmissions
throughout a wide range of the radio spectrum.

R-300

R-300 FEATURES:

» Continuous frequency coverage from 170 kHz to 30 MHz, in
six bands,

& Multi-modes_.. AM, SSB, and CW.

« High sensitivity, selectivity, and image ratio

» 500-kHz marker.

= Three-way power supply (AC/batteries/external OC), with
automatic switching from AC to DC in the event of AC
power failure

ié <« pacesetier in amaleur radio

TRIO-KENWOOD COMMUNICATIONS INC.
1111 WEST WALNUT/COMPTON, CA 90220
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Bench Power Supply

A good quality regulated bench supply is prob-
ably one of the most useful devices you can have in
the workshop or ham shack. Whether you're just
getting started in electronics and looking for a first
project or are an experienced builder or experimenter
in need of an additional bench supply, here’s a sup-
ply that will fill your needs. This versatile power sup-
ply can be built in just a few hours, uses readily avail-
able components, and the finished product is a neat,
professional looking package. You’ll be proud to say,
“| built it.”

description

Quick and easy construction is a feature of this
power supply, which is accomplished with a single
PC board. Such construction keeps mechanical and
sheet-metal work to a minimum. Most components
are on the PC board. Full voltage and current meter-
ing are provided. The output is isolated from the case
to allow its use as a positive or negative supply.

QOutput current is 3 amperes over the range of
1.5-15 volts, with short circuit and overload protec-
tion provided by the IC voltage regulator U1. Output
ripple is at a low level. The power supply is physically
small. The basic design isn't limited to bench-type
power supply applications, because the PC board
lends itself to installation in fixed equipment. No
changes in the PC board pattern are required for use
as a fixed supply.

the circuit

The bench supply schematic is shown in fig. 1.
Component count is very low. The basic design con-

By Ken Powell, WB6AFT, 6949 Lenwood
Way, San Jose, California 95120

50 february 1980

sists of a full-wave power supply followed by a three-
terminal IC regulator. Power transformer T1 is an 18-
volt 4-ampere unit. It isolates the power supply from
the ac line while furnishing 18 volts to the bridge rec-
tifier. T1 primary is fused, and the transformer frame
is held at ground potential through the three-wire ac
line cord. The on-off switch is connected to the out-
put-level control for convenience and safety. The
bridge rectifier is a single-unit device rated at 4
amperes 100 PIV. The pulsating dc output from the
rectifier is filtered by a pair of 1500-uF, 35-Vdc radial-
lead electrolytic capacitors.

The filtered dc is applied to the input of the LM-
350K IC voltage regulator. The output level is con-
trolled by a divider network formed by R1 and R2.
Load current is displayed by M1, a 3-ampere dc
meter. M2, a 15-volt dc meter, displays output level.
The power-supply output is obtained from five-way
binding posts. The output jacks, meters, and level
control and switch are the only components not
mounted on the PC board.

construction

PC board construction was chosen for the power
supply for simplicity, ease of construction, and
repeatability. Heavy glass-reinforced board should be
used because the power transformer is fairly heavy
and we want to avoid cracked and broken land pat-
terns as the board ages and is subjected to stress.
The etching pattern is shown in fig. 2.

After etching and drilling, the on-board compo-
nents can be mounted and soldered as in fig. 3. Pay
particular attention to the polarity of the capacitors
and the bridge rectifier. Coat regulator U1 with heat-
sinking compound on the bottom surface where it
mates with the heat sink. Fasten these items to the
PC board as a unit with M3.5 (6-32) hardware. The
regulator is not insulated from the heat sink.

This completes component mounting and solder-
ing. Check the PC board against fig. 3 to ascertain
that all polarized components are properly oriented.

The ac cord and front-panel interconnect wiring,
also shown in fig. 3, can be installed next. The inter-
connecting wiring should be no. 16 (1.6 mm) strand-
ed to minimize voltage drop and provide flexibility.
Solder these wires to the PC board and leave them
about 25 cm (10 inches) long for connection to the
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fig. 1. Schematic of the bench power supply. Basic design
consists of a full-wave power supply followed by a three-
terminal IC regulator.

Parts list for fig. 1:

C1, C2 1500-uF, 35-Vdc BA 18A1506-5
C3 2.2-4F, 35-Vdc RS 272-1407
CR1 4 amp, 100 PIV RS 276-1171
F1 1-amp fuse RS 270-1283
FH1 fuse holder RS 270-739
HS1 heatsink BA 12A2229-9
{C1 LM-350K CSC LM-350K
J1, J2 binding posts RS 274-662
M1 3-amp meter CSCD1-918
M2 15-volt meter CSC D1-920
R1 5K RS 271-1714
R2 220, 1/2-W RS 271-015
T1 18-volt, 4-amp RS 273-1514
S1 switch, spst RS 271-1740

CASE 14.7x225x14.4cm RS 270-281
(5-7/8x9x4-7/8
inches)
BA: Burstein-Applebee, 3199 Mercier St., Kansas City, Missouri
64111
CSC: Circuit Specialist Co., Box 3047, Scottsdale, Arizona 85257
RS: Radio Shack, local stores

Note: A kit is available which includes the following parts:

1 etched and drilled PC board

1 regulator, LM-350K (IC,)

1 heatsink (HS;)

2 capacitors, 1500 uf/35 Vdc (C, and C,)

1 resistor, 220 ohms (R,)

1 capacitor, 2.2 uf/35 Vdc (C,)
The cost of this kit is $21.00 plus $1.50 postage and handling. Ask
for kit #PS-25-3 from J. Oswald, 1436 Gerhardt Avenue, San
Jose, California 95125.

front panel components. They can be trimmed to
length as the front panel is installed.

Drill and punch the front panel using caution to
avoid damaging the smooth finish on the panel. If a
chassis punch isn’t available for making the meter
holes, a coping saw will work fine in the soft alumi-
num. When you're satisfied that all the front panel
components fit well, label the on-off level control
with dry transfer abels. Apply a coat of clear acrylic
to the panel to protect the lettering. The front panel
components can be mounted after the panel is dry.

At this time the PC board should be mounted to
the cabinet base. Use standoffs to elevate the board
above the base. Cut a small notch into the lower
edge of the cabinet back and install a strain-relief or
grommet for the ac line cord. Lay the front panel
down in front of the PC board and complete the
interconnecting wiring as in fig. 3. This wiring can be
laced or spot-tied for a neat appearance (photo). The
cabinet can now be assembled. Your project should
look pretty much like the photo of the completed
prototype. If a cabinet is used other than that listed in
the parts list, you may have to modify the construc-
tion procedure a bit, but the end result should be the
same.

test and applications

After assembly, the front-panel meters should be
adjusted for mechanical zero. There are no other
adjustments, so the little supply is now ready for the
smoke test. Apply ac power and advance the output
level control clockwise. The voltmeter should track
nicely from about 1.5 to slightly over 15 volts. Output
ripple can be checked on a scope if you have one,
but, if not, don’t be overly concerned about it. The
two prototype units | built were smooth and ripple
free.

The little supply is now ready to go to work. The
voltage and current range will let you power up quite
a variety of equipment and circuits. I've used the

c B

fig. 2. Full-size printed-circuit layout; component placement
is shown in fig. 3.
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Electronics

RF
TECHNICIANS

Join the people who are revolutionizing the navigation and
communication systems of the world!

MAGNAVOX is looking for top quality technicians to assist
engineers in the design and development of electronic
circuits for state-of-the-art communication and navigation
systems. Openings exist tor the tollowing area:

RF ANALOG
POWER SUPPLIES

Responsibilities include layout, construction, and testing
of breadboard and engineering model circuits

In addition to excellent salaries and compensation
package, we offer company paid relocation allowance. So,
it you're looking for a career with adiversity of challenge in
a stimulating environment, follow the leader come to
Magnavox

For immediate consideration, please forward your resume
to
Professional Placement, Dept. HR
2829 Maricopa Street
Torrance, CA 90503
We are an equal opportunity employer. Women, minorities
and handicapped are encouraged to apply

g MAawvwoa<x
Government

and Induslirial Electronics Company

Advonced Products Division

ANTENNA COMPONENTS

Antenna wire, stranded #14 copperweld. ..............
Antenna Wire, stranded #15 copperweld . i
Antenna wire, stranded #16 copperweld. i
Van Gorden HI-Q Baluns, 1:1ord:1 ........
Unadilla/Reyco, W2AU Baluns, 1:1 or 41 ...

Van Gorden HI-Q center insulators ...........
Unadilla/Reyco, W2AU center insulators ......

Ceramic "Dogbone” end insulators, pair ....
Unadilla/Reyco plastic end insulators, pair ..

Nylon guy rope, 450 Ib. test, 100° roll .......

Poly guy rope, 275 1b. test, 100" roll.............co0vnnnns

Unadilla/Reyco W2VS Traps, KW-10 thru KW-40 ....... 21.95 pr
Belden 8214 RG-8U type foam Coax.........ocouvuvainn .28 ft
Belden 8219 RG-58 A/U loam co8X. ............o0vuens 11 f1
Berk-Tex 6211 RG-8X foam coax., Ultraflexible......... .15ft
Amphenol B3-1SP PL-259 silver plated connectors .... .75ea
Amphenol UG-175/U adapters (RG-58) ............... .25 ea.
Amphenol UG-176/U adapters (RG-8X, RG-59)........ 25 ea
Amphenol PL-258, straight adapter ....................... 1.07
LARSEN MOBILE ANTENNAS

Larsen Mount LM-150 2 mtr. whip and coil . " ..21.65

LM-MM magnetic mount .........coiiiiiaiiiininaian 13.29
LM-TLM trunk lid mount . 1277
New Motorola type rnount NMO- 150 2 mir. wh:p and coil .23.22

NMO-MM magnetic mount .. .......ooeiemumionanssnans 14.91

NMO-TLM trunk lid mount . T RGN

Other Larsen Models Available
Complete Palomar Engineers Line Available
Centurion International Rubber Duck Antennas in Stock
WRITE FOR A FREE COPY OF OUR CATALOG
MASTER CHARGE VISA

All items F O.B Lincoln, $1.00 minimum shipping. Prices subject to thange
withou! notice. Nebraska residents please add 3% tax

g 6') C ( ommunications

730 Cottonwood Lincoln, Nebraska 68510

52 february 1980
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fig. 3. Component side of the circuit board; photographs
show placement of the power transformer, heatsink, and
other larger components.

supply on TTL projects, op amps, vhf rigs, and a
number of auto radio and tape player combinations.

The properties designed into the IC regulator take
most of the worry out of the unit. If you apply a
shorted piece of gear to the output, or connect a rig
that draws more current than the supply can furnish,
the regulator will shut down and no damage will
occur. If the unit gets too hot, it will shut down,
When normal conditions are restored, the supply will
bounce back and go to work again. It’s a tough little
performer and just the ticket for a guy like me, who's
apt to make an error now and then,

conclusion

There are many variations that could be made in
the supply to suit individual requirements. Compo-
nents aren’t critical, although | don’t think I'd go to
lower values in any case. Changes such as using dif-
ferent meters with shunts and multipliers would be
no problem, and a single meter with shunts, multipli-
ers, and switching could be used. For fixed applica-
tions the level control could be replaced with a fixed
resistor and the meters eliminated. Layout and
mechanical details aren’t critical, but the regulator IC
should be kept physically close to the filter capacitors.

The cabinet should be well ventilated. If the supply
is powered up outside the case, keep in mind that
117 Vac is on the PC board and the interconnecting
wiring! The low voltages usually associated with
solid-state equipment tend to encourage carelessness.

The supply was a very enjoyable project in that the
assembly time was minimal (about three hours) and
no sophisticated equipment was required for build-
ing, de-bugging, or adjustment. | don’t think anyone
should have any apprehension about trying this one
for a weekend project.

ham radio

More Details? CHECK — OFF Page 94



New, Stronger Wilson Towers

Hinged Base Plate - Concrete
Pad, Heavy Duty Winch

The Hinged Base Plate allows
tower to be tilted over for
access to antenna and rotor
from the ground.

FACTORY DIRECT

y489°°

NEW IMPROVED
FEATURE

A new high strength carbon
steel tube manufactured
especially for Wilson
Systems, is used for the
new TT45B and MT81B.
25% stronger than conven-
tional pipe or tubing. Tube
size: 3.5 0.D.@ 095, 4.5"
& 6” 0.D.@,120.

MT-61B

FEATURES:
* |5 freestanding with use of proper base
* Maximum Height 61' (will handle 17 sq. ft. @
53 ft. or 10 sq. t.@61 #)@50 mph
(L * 1200 Ib. brake winch
FEATURES: ) * 4200 Ib. raising cable

« Maximum Height 45" (will handle 17 sq. ft. @ * Total Weight, 400 Ibs.
38 ft. or 10 sq. ft. @45 f1)@50 mph Recommended base accessory: RB-61B .,

« 1200 Ib. winch Fe-618

e Totally freestanding with proper base The MT-61B is our largest and tallest freestanding

» Total Weight, 243 Ibs. tower. By using the RB-61B rotating base fixture
The TT-468 is a freestanding tower, ideal for in- ¢ MT-61B is ideally suited for the SY33 or SY-
stallations where guys cannot be used. If the tower 36. If you plan to mount the tower to your house,

is not being supported against the house, the pro- caution slhoulq be t:lken :‘o r(r;lal-r.ehcertain th"; bave
per base fixture accessory must be selected. g‘ngrgf':;:l::;: :é"::sm‘ro “‘1";”:;: :O“’I:‘et; 'se’:j"'-
(Requires 12"x12"x36" of concrete.) y shew uneth

(Requires 18" x 18" x48"" concrete.)
GENERAL FEATURES

All towers use high strength heavy galvanized steel tubing that conforms to ASTM speci-
fications for years of maintenance-free service. The large diameters provide unexcelled
strength. All welding is performed with state-of-the-art equipment. Top sections are 2"

0.D. for proper antenna/rotor mounting. A 10’ push-up mast is included in the top sec-
tion of each tower. Hinge-over base plates are standard with each tower. The high loads of
today’s antennas make Wilson crank-ups a logical choiCe. price and specitications subject 10 changs without notice

TILT-OVER BASES FOR TOWERS ;

FIXED BASE

The FB Series was designed to
provide an economical method of
maoving the tower away from the
house. It will support the tower in
a completely free-standing vertical
position, while also having the
capabilities of tilting the tower
over to provide an easy access to
the antenna. The rotor mounts at
the top of the tower in the con-
ventional manner, and will not ro-
tate the complete tower,

FB-45B . . . $114.95
FB61B... 169.95

ROTATING BASE

The RB Series was designed for
the Amateur who wants the add-
ed convenience of being able to
work on the rotor from the
ground position. This series of
bases will give that ease plus ro-
tate the complete tower and an-
tenna system by the use of a
heavy duty thrust bearing at the
base of the tower mounting posi-
tion, while still being able to tilt
the tower over when desiring to 4 :
make changes on the antenna ; Tilting the tower over is a
system & one-man task with the Wil-

son bases, (Shown above is
RB45B...$179.95] « s the RB-61B. Rotor is not
RBS81B. .. 249.95 . | included.)

ORDER

FACTORY DIRECT mgn WILSON ST64 - 64 . Stacking Tower

1-800-634-6898

ST77 - T1 k. T
SYSTEMS, INC. 177, 71 & Sl Tom

4286 S. Polaris Ave  Las Vegas, Nevada 89103




WILSON SYSTEMS INC. MULTI-BAND ANTENNAS

WV-1A

4 BAND
TRAP VERTICAL
" (10-40 METERS)

No bandswitching
necessary with this
vertical. An excellent
low cost DX antenna
with an electrical quarter
wavelength on each band

A trap loaded antenna that performs like a monobander! That's the characteristic of this six
element three band beam. Through the use of wide spacing and interlacing of elements, the follow-
ing is possible: three active elements on 20, three active elements on 15 and four active elements

on" 10 meters, No need to run separate coax feed lines for each band, as the bandswitching is auto- r’ and low angle radiation.
matically made via the High-Q Wilson traps. Designed to handle the maximum legal power, the Adva_.nced design
traps are capped at each end to provide a weather-proof seal against rain and dust. The special | provides low SWR and
High-Q traps are the strongest available in the industry today. exceptionally flat
SPECIFICATIONS response across the full
Band MHz cee s s 14-21-28 o CURVES width of each band.
Maxlmum]nower input . Legal Limit — — [ Featured is the Wilson
8;;2,!."&,',0,,;,,;:',_ . actory = large diameter High-Q
Impedance . . . . . .. .50 chm = traps which will maintain
F/8 Ratio ++++ « Call Factory = resonant points with
Boom (0.D. x Length) . . 2 x 24 24" 2 varying temperatures and
No. of Elements .. .6 1 . humidity.
Longest Element .28 2% s - | - =
Turning Radius . . 18'6" T ¥ - £
Maximum mast diameter = 2" — = .\-k_\L / Easily assembled, the
Surface area 8.6sq. f1. ol L “‘j” "'—"‘ S -4 WV-1A is supplied with
Matching Method .. .. ... .. Beta 10 T - a hot dipped galvanized
Wind Loading @ 80 mph . . 215 Ibs. S \ ==
Maximum wind survival . . . 100 mph —-—— = T -:" base mount braCkE_t
Feed method .. .. .Coaxial Balun ~ === to attach to vent pipe or
(mpnlisd) e ; to a mast driven in the
Assembled weight (approx) . 53 Ibs, T T ey = - e
Shipping weight (approx) . . 62 Ibs. e ground.

Note:
Radials are required for
peak operation.
(See GR-1 below)

SPECIFICATIONS

* 19 total height

* Self supporting — no guys
required

* Weight — 14 |bs.

* Input impedance: 50 £2

* Powerhandling capability:
Legal Limit

= Two High-Q traps with large
diameter coils

* Low angle radiation

* Omnidirectional
performance

* Taper swaged aluminum
tubing

* Automatic bandswitching

* Mast bracket furnished

* SWR: 1.1:1 or less on all

bands

GR-1 .

Capable of handling the Legal Limit, the "SYSTEM 33" is the finest compact tri-bander avail-
able to the amateur. Designed and produced by one of the world's largest antenna manufacturers,
the traditional guality of workmanship and materials excells with the “SYSTEM 33". New boom-
to-element mount consists of two 1/8" thick formed aluminum plates that will provide more
clamping and holding strength to prevent element misalignment. Superior clamping power is ob-
tained with the use of a rugged 1/4" thick aluminum plate for boom to mast mounting, The use of
large diameter High-Q traps in the “SYSTEM 33" makes it a high performing tri-bander and at a
very economical price. A complete step-by-step illustrated instruction manual guides you to easy
assembly and the lightweight antenna makes installation of the “SYSTEM 33" quick and simple.

SPECIFICATIONS

Band MHz 14.21-28 Boom (0.D.  length) 27 x 144" Wind loading at 80 mph 114 |bs .
Maximum power input  Legal Limit No. of elements 3 Assembled weight (approx) . 37 lbs. The GR-1 is the complete
Gain (cdbd) Call Factory Longest element 27a” Shipping weight lapprox) .42 Ibs. i i E
VSWR at resonance 1.3:1 Turning radius 15'9" Direct 52 ohm feed — no balun required ground radl|al k}l_ for 'lhe wv
impedance 50 ghms Maximum mast diameter 2 0.D Maximum wind survival 100 mph 1A. It consists of: 150" of 7/14
F/B Ratio Call Factory Surface area 5.73q. "t stranded copper wire and
heavy duty egg insulators, in-
mgnw,LSON ORDER structions, The GR-1 will in-

ffici f

SYSTEMS, INC. | FACTORY DIRECT cresse the efficency of the

GR-1 by providing the correct

4286 S Polans Ave . Las Vegas, Nevada 89103 "-800_634_6898 counterpoise

Prices and specifications subyect 1o change without notice




Mose |5 [ | o, [ T [, [ oot oo | e [P | B, [Tmine | . | TR ] B
M520A | 20 |11.6| 26 dB |500 KHz | 1.1:1 50 §2 Beta 5 36'6" 2" | 3a2%| 2611 | 89 227 7 68
MA420A | 20 | 10.0| 2508|500 KHz[ 111 | 5000 | Bews a4 |36 | 2¢ | 260" | 226" | 78 189 2" 50
MB15A | 15 | 12.0| 2508 |400KHz | 111 | 5050 | Bew 5 | 253" | 2@ | 260" | 176" | 4.2 w07 | 2 a
MA415A | 15 | 10.0] 25dB | 400 KHz| 1.1.1 | 5051 | Bew 4 | 242w | 20 | 1700 | it 3 54 7 25
Wilson's Beta match offers [ o070 25a8 | 16MHz | 111 | 508 | Bew 5 |86 | 2 | 260 | 160" | 28 2| 7 3
maximum power transfer.  [G370a 10 [100] 2598 15MHz[ 111 | 500 | Bew 4 | = [z | 1137 | 14 36 2" 20

- : M520A
THE ALL NEW 5 ELEMENT 20 METER BEAM

At last, the antennas that you have been waiting for are here! The top quality, optimum spaced, and newest designed monobanders. The
Wilson System's new Monoband beams are the latest in modern design and incorporate the latest in design principles utilizing some of the
strongest materials available. Through the select use of the current production of aluminum and the new boom-to-element plates, the Wil-
son Systems’ antennas will stay up when others are falling down due to heavy ice loading or strong winds. Note the following features:

1. WLhmrﬂgﬁ— The taper swaged elements provide strength where it counts and lowers the wind loading more efficiently
than the conventional method of telescoping elements of different sizes.

2. Mounting Plag? — Element to Boom — The new formed aluminum plates provide the strongest method of mounting the elements
to the m that is available in the entire market today. No longer will the elements tilt out of line if a bird should land on one end of
the element.

3. MounﬁFg P# — Boom to Mast — Rugged 1/4" thick aluminum plates are used in combination with sturdy U-bolts and saddles for
superior clamping power.

4, Holes — There are no holes drilled in the elements of the Wilson HF Monobanders. The careful attention given to the design has
made it possible to eliminate this requirement as the use of holes adds an unnecessary weak point to the antenna boom.

With the Wilson Beta-match method, it is a “’set it and forget it" process. You can now assemble the
antenna on the ground, and using the guide-ines from the detailed instruction manual, adjust the tuning
of the Beta-match so that it will remain set when raised to the top of the tower.

The Wilson Beta-match offers the ability to adjust the terminating impedance that is far superior to
the other matching methods including the Gamma match and other Beta matches. As this method of
matching requires a balanced line it will be necessary to use a 1:1 balun, or RF choke, for the most
efficient use of the HF Monobanders,

The Wilson Monobanders are the perfect answer to the Ham who wants to stack antennas for maxi-
mum utilization of space and gain. They offer the most economical method to have more antenna for less
money with better gain and maximum strength. Order yours today and see why the serious DXers are run-
ning up that impressive score in contests and number of countries worked.

SPECIFICATIONS

§ WILSON SYSTEMS, INC. — 4286 S. Polaris FA CTORY DIRECT Toll-Free Order Number

§ Las Vegas, NV 89103 — (702) 739-7401

ORDER BLANK 1-800-634- 6898.
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Cable clamﬁ 25 ea. (min. 50) :
L& & & &8 B & L B & B A B B B B B B B B B B B & B B &8 & & | Prices and specifications subject to change withou! notice. g = o ¥

12 eye bolts, 1/2" stock: .75 ea. (min. 10) City State Zin

WILSON SYSTEMS ANTENNAS WILSON SYSTEMS TOWERS [ |
Oy Model Description Shipping| Price Qty. | Model Description Shipping| Price
SY33 3 Ele. Tribander for 10, 15, 20 Mtrs. UPS $149.95 TT458 | Freestanding 45° Tubular Tower TRUCK | 827995
SY36 | 6 Ele. Tribander for 10, 15, 20 Mtrs. UPS 199.95 I RB458 | Rotating Base for TT-45A w/tilt over feature| TRUCK | 179.86
WV-1A | Trap Vertical for 10, 15, 20, 40 Mtrs. uPs 49.95 I FB45B | Fixed Base for TT-45A w/tilt over feature TRUCK| 11495
GR-1 Ground Radials for WV-1A UPS 10.95 | MT-818 | Freestanding 61° Tubular Tower TRUCK | 48996
M-520A | 5 Elements on 20 Mtrs. TRUCK 214.95 AB-61B | Rotating Base for MT-61A w/tilt over featurel TRUCK 249.95
M-420A | 4 Elements on 20 Murs. UPS 148.95 FB61B | Fixed Base for MT-61A w/tilt over feature TRUCK 169.95
M-515A| 6 Elements on 15 Mtrs, uPs 129.95 NOTE: B
M-415A | 4 Elements on 15 Mirs. uPs B4.95 On Coaxial and Rotor Cable, minimum order is 100 ft. and in 50° multiples. i
Prices and specifications subject to change without notice,
M-510A | 5§ Elements on 10 Murs. UPS 84.95 Ninety Day Limited Warranty, All Products FOB Las Vegas, Nevada i
M-410A] 4 Elements on 10 Murs. UPs 6995 | O s I
WM-62A] Mobile Antenna: 5/8 Aon 2,1/4 A on 6 UPs 19.95 i
ACCESSORIES Nevada Residents Add Sales Tax B
HD-73 | Allianca Heavy Duty Rotor UPS 109.95 Ship C.0.D. [0 Check enclosed [J Charge to Visa [J m/c O :
RCBC_| B/C Rotor Cable ups | a2t Bige Explics \
RG-8U | RG-BU Foam-Ultra Flexible Coaxial 1
= il | Cable. 38 strand center conductor, 11 guage uPs 21/ Bank # Signature 1
WILSON SPECIAL Paase Brivit :
AIRCRAFT CABLE:
3/16", 1x19: .10/ft (min. 1000 ft) Name Phone )
187, 1x19: .06/ft (min. 1000 ft) )
Heavy duty 6" turnbuckles: $1.50 ea. (min. 10) Streat ]
]




A simple improvement
- that uses a photocell
as a voltage-controlled

resistor

Wien bridge oscillators'.2 require some sort of
voltage-controlled resistance in the feedback net-
work to maintain unity loop gain as the frequency is
varied over a wide range. In practice, part of the
oscillator output voltage is used to control the vari-
able resistance element so that the output voltage
remains constant, or nearly so. The voltage-con-
trolled resistance must not respond to the output-
waveform instantaneous value, but only to its average
amplitude. Thus, the voltage-controiled resistance
device must have a long time constant compared
with the lowest-frequency period.

I've experimented with these circuits over the
years, using incandescent lamps, diodes, and ther-
mistors.3 These methods all have shortcomings of
one kind or another, and | think the idea described
here works better than any of those others.

homebrew device

Shown in fig. 1 is a simple voltage-controlled
resistor that can be homebrewed with readily avail-
able parts. Such devices may be available already
assembled but perhaps not as available as the two
parts needed to build your own. The controlled resis-
tor is a cadmium sulfide (CdS) photocell, obtainable
from Radio Shack for 99 cents (catalog number 276-
116). lts resistance changes from several meg-
ohms in darkness to about 100 ohms in bright light.
It's most sensitive to yellow or green light. A green
light-emitting diode (LED) causes the CdS resistance

voltage-controlled
resistance for

Wien Bridge oscillators

To prevent ambient light from interfering with
operation, the LED-CdS assembly should be sealed
as shown in fig. 2. The cover may be almost any type
of scrap material, such as a square of copper-clad cir-
cuit board. Drill a hole in the cover for the LED to
stick through into the photocell, then epoxy the parts
together and spray thoroughly with black paint. Be
sure to mark the anode lead of the LED before epoxy
is applied.

circuit details

Fig. 3 shows the complete oscillator. U1 is a dual
jfet op amp, TLO72CP, made by Texas Instruments.
It gives excellent performance in this circuit. The
oscillator signal at pin 7 of UTA is buffered and detec-
ted to provide a dc control voltage for the LED. The

CADMIUM
SULFIDE
PHOTOCELL

o—
e +
9 -— oc
CONTROLLED GREEN CONTROL
RESISTANCE - *T LED VOLTAGE
o r—a—————

fig. 1. Homebrew voltage-controlled resistor.

1N914 is required because the emitter-base break-
down rating of the 2N2222 is only 5 volts. The 10-
ohm resistor in series with the filter capacitor is
required for stability. The CdS photocell is connected
into the oscillator circuit in the same way a thermistor
would be used. Other information on Wien bridge
oscillators may be found in the references cited.

operation

The 10-k trimpot is adjusted for maximum undis-
torted output in the normal manner. If the trimmer
capacitors on the tuning capacitor are properly ad-
justed, output amplitude should be flat within about
0.1 dB between 30 Hz and 200 kHz. If frequen-
cies lower than 30 Hz are requried, the 500-uF filter
capacitor must be increased in value to prevent
distortion.

to vary inversely to the dc control voltage applied to By Courtney Hall, WABSNZ, 7716 La Verdura
the LED circuit. Drive, Dallas, Texas 75248
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fig. 2. Cutaway view of homebrew voltage-controlled
resistor.
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U1 jfet op amp, TLO72CP. For availability contact T.l. Supply
Co., 6000 Denton Drive, Dallas, Texas 75235.

fig. 3. Wien bridge oscillator with improved gain control
circuit.
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MY COMPETITION KNOWS ME
YOU SHOULD, TOO!

 BEEERT ©
T B

FREE: HAL-TRONIX 1979 Special Clock Kit Plus a
FREE Inline RF Probe — with purchase of any Fre-
quency Counter.

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR
COUNTER COMPLETE. HAL-800A 7-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERQ
T0 600 MHz. FEATURES TWO INPUTS: ONE FOR LOW FREQUENCY AND ONE FOR HIGH
FREQUENCY. AUTOMATIC ZERD SUPPRESSION. TIME BASE IS 1 0 SEC OR 1 SEC GATE
WITH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY + 001%. UTILIZES 10-MHz
CRYSTAL 5 PPM COMPLETEKIT $129

HAL-300A 7-DIGIT COUNTER (SIMILAR TO 600A) WITH FREQUENCY RANGE OF 0-
300 MHz COMPLETEKIT $109

HAL-50A 8-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERD T0 50 MHz OR BETTER
AUTOMATIC DECIMAL POINT. ZERD SUPPRESSION UPON DEMAND. FEATURES TWO IN
PUTS: ONE FOR LOW FREQUENCY INPUT, AND DNE ON PANEL FOR USE WITH ANY INTER
NALLY MDUNTED MALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY
BEEN MADE 1.0 SEC AND .1 SEC TIME GATES ACCURACY = 001% UTILIZES 10-MHz
CRYSTAL 5 PPM COMPLETE KIT $109

PRE-SCALERKITS
HAL 300 PRE . . . . . (Pre-drilled G-10 board and all components) . .. .. $14.95
HAL 300 A/PRE. . . ... {(Same as above but with preamp). . ...%2495
HAL 800 PRE . . . . . (Pre-drilled G-10 board and all components) .. $29.95
HAL 600 A/JPRE. . ... |Same as above but with preamp). . ..$39.95

HAL-1 GHz PRESCALER, vir & UHF INPUT & OUT
PUT. DIVIDES BY 1000. OPERATES ON A SINCLE 5 VOLT SUPPLY
PREBUILT & TESTED $79.95

TOUCH TONE DECODER KIT
HIGHLY STABLE DECODER KIT COMESWITH2SIDED, PLATED THRU AND SOLDER FLOWED
G-10 PC BOARD, 7-567's. 2-7402, AND ALL ELECTRONIC COMPONENTS. BOARD MEAS
URES 3-1/2 X 51/2 INCHES. HAS 12 LINES OUT. ONLY $39.95

DELUXE 12-BUTTON TOUCHTONE ENCODER KIT UTILIZING THE NEW ICM
7206 CHIP PROVIDES BOTH VISUAL AND AUDIO INDICATIONS! COMES WITH ITS OWN
TWO-TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2-3/4” x 3-3/4" COM
PLETE WITH TOUCH-TONE PAD. BOARD, CRYSTAL, CHIP AND ALL NECESSARY COMPO
NENTS TO FINISH THE KIT PRICED AT $29.95
FOR THOSE WHO WISH TO MOUNT THE ENCODER IN A HAND-HELD UNIT, THE PC BOARD
MEASURES ONLY 9/16” x 1-3/4" THIS PARTIAL KIT WITH PC BOARD, CRYSTAL, CHIP
AND COMPONENTS PRICED AT $14.95

ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR
WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT. IN 05T MAGAZINE
AND THE 1975 RADIO AMATEUR'S HANDBOOK $16.95

ACCUKEYER — MEMORY OPTION KIT PROVIDES A SIMPLE. LOW COST METHOD
OF ADDING MEMORY CAPABILITY TO THE WBAVVF ACCUKEYER WHILE DESIGNED FOR
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED TO ANY
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY . $16.95

PRE-AMPLIFIER
HAL-PA-19 WIDE BAND PRE-AMPLIFIER, 2200 MHz BANDWIDTH (- 3dB
POINTS), 19 4B GAIN FULLY ASSEMBLED AND TESTED $8.95

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL — $7.95.
OPERATES ON 12-VOLT AC (NOT SUPPLIED). PROVISIONS FOR DC AND
ALARM OPERATION

6-DIGIT CLOCK » 12/24 HOUR
COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLED PC BOARDS, 1 CLOCK CHIP. 6
FND 359 READOUTS, 13 TRANSISTORS, 3 CAPS, 8 RESISTORS, 5 DIODES. 3 PUSH
BUTTON SWITCHES. POWER TRANSFORMER AND INSTRUCTIONS. 'DON'T BE FOOLED BY
PARTIAL KITS WHERE YOU HAVE T0 BUY EVERYTHING EXTRA  PRICED AT $12.95

CLOCK CASE AVAILABLE AND WILL FIT ANY ONE OF THE ABOVE CLOCKS. REGULAR
PRICE $6.50 BUT ONLY $4.50 WHEN BOUGHT WITH CLOCK.

SIX-DIGIT ALARM CLOCK KIT FOR HOME, CAMPER, AV, OR FIELD-DAY USE. OPER
ATES ON 12-VOLT AC OR DC, AND HAS ITS OWN 60-Hz TIME BASE ON THE BOARD. COM
PLETE WITH ALL ELECTRONIC COMPONENTS AND TWO-PIECE, PRE-DRILLED PC BOARDS
BOARD SIZE 4" x 3. COMPLETE WITH SPEAKER AND SWITCHES |F OPERATED ON DC.
THERE IS NOTHING MORE TO BUY * PRICED AT $16.95
*TWELVE-VOLT AC LINE CORD FOR THOSE WHO WISH TO OPERATE THE CLOCK FROM
110-VOLT AC $2.50

SHIPPING INFORMATION — ORDERS OVER $15.00 WILL BE SHIPPED POSTPAID
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON ORDERS LESS
THAN $15.00 PLEASE INCLUDE ADDITIONAL $100 FOR HANDLING AND MAILING
CHARGES. SEND SASE FOR FREE FLYER

(g
HaLTronix

o P.0. BOX 1101
HAROLD C. NOWLAND SOUTHGATE, MICH. 48195
WBZXH PHONE (313) 2851782

february 1980 [l 57




a carrier-operated relay
for your

Heath HW-2036

Simple mods

you can make

to enjoy your
a-m/fm radio

and your 2-meter rig
at the same time

If you have problems doing more than two things
at once, then this modification is for you. Try it if you
own a HW-2036 2-meter rig and have trouble trying
to decide between listening to an interesting conver-
sation on the rig and soothing background music
from your a-m/fm radio while traveling down the
road.

I've installed a COR (carrier operated relay) in the
2036 to switch the a-m/fm radio on and off when the
2036 is receiving a signal. The a-m/fm set goes off

58 february 1980

when a signal is received on the 2036, which results
in only one radio being on at a time — a real blessing
for eliminating the hectic atmosphere in an automo-
bile when both radios are running simultaneously and
you are in rush-hour traffic.

operation

The circuit is simple and I'm surprised that Heath
hasn’t made it an available option on, the 2036. The
basic idea is to turn off the a-m/fm radio during the
transmit and receive modes of the 2036.

The benefit of turning off the a-m/fm radio during
the transmit is twofold. First, there’s no possibility of
transmitting your soothing background music over
the 2-meter rig, which is not looked upon favorably
by the FCC, to say the least. The second benefit is
that listening to the a-m/fm radio is automated while
going down the road.

circuit

The diodes {fig. 1) are used solely for isolation to
keep this circuit from affecting anything going on at
the connection points in the 2036. The RC network
on the relay gives a delay of 1-2 seconds to keep the

a-m/fm radio off during short repeater dropouts or
when working simplex.

By Gary L. Long, WD5HYQ, Route 5, Box 267,
Muskogee, Oklahoma 74401



construction

| located all the parts beside the lever switches on
the 0/5-kHz switch side of the HW-2036. A little
Super Glue will hold everything in place for wiring.
The transistor isn’t critical; just be sure it can handle
enough source current for the relay.

X-BAND MICROWAVE

BUILDING BLOCKS

0/5-kHz — COR bypass. If you live in a signal area
with very few repeaters that require the 0/5-kHz
switch, you can make it a dual function switch (0/5-
kHz — COR bypass). This beats installing another
switch in the rig and messing up the looks of the
2036. This addition is useful when the a-m/fm radio
is broadcasting something you don’t want interrupt-
ed while listening to it. All that's necessary is to
remove the wire going to SW6 from pin X on the syn-

GUNN SOURCE HORN ANTENNA

FILTER-MIXER

FREQ. = 10.5 GH. STOP BND: 16-24 GH. FREQ. =812 GH
thesizer board and reconnect it through an isolation POWEROUT:10mwnam, NS, LOSS = 2 DB MAX, GAIN~ 1508,
: : oo BIAS = +8V DC BIAS = 25 uza nam. VSWR = 1.3:1
diode to the switch as shown in fig. 1. VSWR: 1.5:1 MAX;
G.S.-1...853.10ea.  F.M.-1 ..$44.70ca. ‘H.A.-1...$15.90
IN458 ey VIDEO DETECTOR IMPATT SOURCE PAROB. ANT.
o B p— DET.BND.= 105 GH £25mh  FREQ: 105 — 10.55 GH. FREQ.: 10— 10.6 GH.
oy oA A AL 5B TANG. SENS: ~50 DBM MIN.  PWR. OUT: 50 £20 mw. GAINS: 34 DB
BIAS = 20 pa BIAS = 830V nom. SIZE=2 dia.
2N2270 POLAR: E PLANE
V.D.-1...$39.10 ca. 1.S.-1....552.10ea. P.A.-1 ..$456.00
IN4SE
— pp—— ‘o0 E.B.A. MICROWAVE

FROM BASE OF Q213
ON THE RECEIVER
BOARD
GV MINIATURE RELAY
(RADIO SHACK 275-004)

a3

NORMALLY CLOSED CON
TACTS FOR A-M/FM
RADIO CONNECTIONS

FROM PiN X ON THE
SYNTHESIZER BOARD

SWITCH
SWE IN HEATH 2036

O Skps - COR DISABLE

fig. 1. Circuit for turning off your a-m/fm radio during trans-
mit-receive medes of the Heath HW-2036 2-meter transceiv-
er. Circuit features a 0/5-kHz — COR bypass arrangement.

A-m/fm connections. All that's left to do is to con-
nect a pair of wires to the relay contacts and feed
them out through the same slot in the back of the
radio where the power cable comes out. The easiest
way to connect these wires is to pull the a-m/fm
radio fuse and connect these wires right at the fuse
block. Don’t forget to install an in-line fuse on one of
the wires before you turn on the power.

one lastitem

| had been plagued with a birdie problem, and
while | had the rig apart | decided to go hunting for
birdies. This critter appeared on 146.85 MHz, 146.52
MHz, and several other places. My solution was to
put a mica capacitor across the base-collector junc-
tion of Q409 on the synthesizer board. The value
appears to be critical. The best response was obtained

in my rig by using about 820 pF.
ham radio
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CS-6800 P.O.BOX A123
COSTA MESA, CA 92627

Check, Money Order, Visa or MasterCharge Acceptable

from SCELBI:

PRACTICAL ANTENNAS!

You've never seen an antenna book cluite like this:
* How to build practical beams,

quads and wire antennas
Computer-generated beam
headings to every known country
in the world

Charts and tables to eliminate
tricky calculations

Practical ideas for the newcomer
Complete bibliography of magazine
articles on antennas

Tips on how to keep your antenna
up. And much, much more

New format, big diagrams, easy-to-read text.
And it's completely brand new! Durable vinyl
cover. $9.95, Order now.

Ham Radio’s Bookstore

Send Practical Antennas o

Greenville
NH 03048

Name

Stroet

City State Zip.

Please enclose $9.95 pius $1.00 shipping or credit card information
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Reading Ideas -..

LATEST RELEASES!

SAVE TIME

ELIMINATE
HASSLE

- SHOP BY
MAIL

ORDER TODAY
Ham Radio’s
Bookstore

Greenville, NH 03048

Please allow 2-3 weeks for delivery

SIMPLE LOW-COST WIRE ANTENNAS

Learn how to build simple. economical wire antennas. Even
L} ruu don’t know a feedline Irom a feed-through, WESAI
will get you on the air wilh an effective low-cost wire
antenna. And, apartment dwellers take note' Fool your
landlord and your neighbors with some of the "invisible’
antennas found here. For the old-timer as well as the
beginner, it's a clearly written, well diagramed, and even
humorous antenna book 192 pages ©1972

CIRP-WA Softbound $5.95

BEAM ANTENNA HANDBOOK
by William |. Orr, W6SAI

Here's recommended reading for anyone thinking about
putting up a yagi beam this year It answers a ol of
commonly asked guestions like: What is the best element
spacing? Can different yagi antennas be stacked without
losing performance? Do monoband beams outperform iri-
banders? Lots of co projects, diag and
photos make reading a pleasurable and informative
experience. 198 pages. ©1977

CIRP-BA Softbound $4.95

THE RADIO AMATEUR ANTENNA
HANDBOOK by William 1. Orr, WESAI and
Stuart Cowan, W2LX

I you're pondering what new antennas 10 pul up, we rec-
ommend you read this very popular book. It contains lots
of well illustrated construction projects for vertical, long
wire, and HF/VHF beam antennas. Bul, m‘:l also get
information not usually found in antenna s. There is
an hones! judgment ol antenna gain ligures, information on
the best and worst antenna localions and heights, a long
look at the quad vs. the yagi antenna, information on
baluns and how 1o use them, and some new information on
the increasingly popular Sloper and Delta Loop antennas
The text is based on proven data plus practical, on-the-air
experience. We don't expect you'll agree with everythin

Orr and Cowan have to say, but we are convinced that
Radio Amateur Antenna Handbook will make a valuable and
often consulled addition to any Ham's library 190 pages

©1978
CIRP-AH Softbound $6.95
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PLEASE INCLUDE $1.75 for CALLBOOK SHIPPING

1980 RADIO AMATEUR CALLBOOK

Don't be one of those who wails until the year is hall over
1o buy a new callbook  Invest in a callbook today and get a
full year's use out of your purchase. Crammed full of the
latest addresses and QSL information. You'll tind » Bold-
face calls, names and addresses lor every licensed Ama-
teur in the U.S — It's a list that's more accurate than the
FCC's = Siow Scan TV directory = The latest ARRL coun-
tries list = International Postal info » OSL Managers from
around the world » Standard time charts » A complete
census of international Amateur population » PLUS MUCH,
MUCH MORE' A super value al an amazingly low price
The 1980 callbook is a perfect Christmas gift for friends or
for yourselt Order today to make sure you have the new
callbook before the holiday season

CICB-US Softbound $16.95

1980 ARRL HANDBOOK

Full of exciting new leatures lor the 80's, mow s the lime
to order your copy of the 1980 ARRL ''RADIO AMATEUR'S
nmuoﬂ Internationally recognized and universally
consulted. every amateur should have the latest edition
The new ﬁAND‘OOK covers virtually ail of the state-ol-the-
art developments in electronics theory and design. Novices
will find it 1o be an indispensable study guide, while the
more advanced Amateur will enjoy building the many new
projects

[J Order AR-HBBO
[ Order AR-BBBO

Softbound $10.00
Hardbound $15.75

ANTENNA BOOKS

73 VERTICAL, BEAM, AND
TRIANGLE ANTENNAS

A collection of 73 difterent vertical, beam, and Iriangle
anlenna designs. It contains construction details for single
and multi-element verticals, multi- element horizontal
arrays, yagis, quads. and tnangles. Here's an anlenna
cookbook sure to spark your imagination. 160 pages

@1977
124021 Softbound $5.50

BEVERAGE ANTENNA HANDBOOK

by Victor Misek, WiWCR

The Beverage or Travelling Wave antenna is becoming pop-
ular as a separate recerving antenna which greatly reduces
interlerence Irom loreign broadcast and other stations on
the lower Amateur bands. Because il consisis of a single
long and a unit, the Bl ge is easy and
ecanomical 1o construct. The author gives you theory and
describes a number of ditferen! Travelling Wave and Steer-
able Wave antennas, all designed to greatly reduce ORM
on the 40, BO, and 160 meter bands, 39 pages ©1977

CIVM-BAH Softbound $5.00
THE ARRL ANTENNA BOOK

For years this has been the standard manual on Amaleur
antennas. The popular vertical, wire, beam, VHF/UHF,
and Oscar antennas are given full theoretical and practical
treatment as well as mobile and restricled space antennas

lave prop and | are also dis-
cussed. Makes a greal companion 10 the ARRL's new
“*Antenna Anthology " 336 pages. ©1974

[CJAR-AM Softbound $5.00
THE ARRL ANTENNA ANTHOLOGY
by the ARRL staft

This brand new book pulls together a wide selection of
antenna articles from QST Written for Amateurs of all
levels and interests. Included are arrays, verlicals,
Yagi's even the VHF Ouagi! Detailed instructions and
tull illustrations make this a really useful book for any
Amateur 152 pages. ©1979

CJAR-AA Softbound $4.00

THE 1980 FOREIGN CALLBOOK

DXing is a real joy, bul it's even betler when you gel back
OSL cards from the countries you've worked. The most
important tool in getting those cards is to have a copy of
the 1980 Foreign Callbook on your operating table

Stations are listed by country, call, name and address in
bold, easy-to-read type. You also get: Great Circle Beam
headings from major U.S. cities, Inteinational Postal
information, DXCC Countries List, Worldwide OSL bureaus,
Standard time charts and more. Get the DX information you
want, when you want it. Order today so you have a copy
on hand for the winter DX season

CICB-F Softbound $15.95

SHORTWAVE PROPAGATION
HANDBOOK

Edited by George Jacobs, W3ASK, and
Theodore J. Cohen, N4XX

For many hams, both new and old, radio wave propagation
i5 still a mystery. Realizing this, the authors went about
the task of preparing a simplified text that could be under-
slood by hams, swi's and engineers alike Siress has been
given to simplitied explanations and charts. The authors
also detail a simplitied method of do-il-yourself propagation
forecasting. To assist your forecasting efforis, the book
contains a complete listing of the 12 month smoothed sun-
spol numbers since 1749 Join those who know how to
predict when the bands will open to specific areas of the
world ©1479

J1CQ-PH $7.50

PRACTICAL ANTENNAS

PRACTICAL ANTENNAS is not quite like any of the other
ham antenna books. Wrilten by a knowledgeable DX 'er,
this new book is chock-tull of helptul hints and sugges-
tions on the how-to's of putting up a super antenna
system Chaplers include information on design and con-
struction of practical Yagis. quads and wire lype antennas
Inside you Il aiso find a complete bibliography of antenna
articles from the popular amateur publications. Charts and
tables are o:ygned lo eliminate all those tricky calcula-
tions. And, SCELBI has included a list ol compulter gener-
aled beam headings Irom major population centers 1o all
the countries of the world. A new formal, large easy-1o-
read text and durable vinyl cover make PRACTICAL
ANTENNAS & ““mus!’" for every amateur library \(€)1979
C1SC-PA $9.95

ALL ABOUT CUBICAL QUAD
ANTENNAS

The cubical quad antenna is considered by many to be the
best DX antenna because of its simple, lightweight design
and high performance. In Bill Orr's latest edition of this
well known book, you'll find quad designs for everything
from the single to the multi-el quad,

us a new, higher gain expanded quad (X-0) design

here’s a wealth of supplementary data on consiruction,
leeding. tuning, and mnim quad antennas I1's the
maos! comprehensive single edition on the cubical quad
available. 112 pages. ©1977

CJRP-CQ

Softbound $4.75
Prices subject to change without notice

Please add $1 for shipping

CAN'T WAIT?
CALL TOLL FREE

1-800-258-5353
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Continvity Tester and Flashlight

F.-

MICROPROCESSOR COMPONENTS

The Incredible

Jumbo 6-Digit Clock Kit

* Four £30"ht. and two J00"At
common anode displays

* Uses MMSIM clock chip

* Switches Tor hours, minutes and hold functions

* Hours eatily viewabls 1o X0 feet

* Simulated walnut case

* LIS VAC oparation

* 12 or M hour operation

* includes all components, case and wall transtormaer

.$29.95

Hexadecimal Keypad only .

Convenient versatile tool for quickly =000\ SN0\ SUPPORT DEVICES x ARUALS ” i
checking continuity of dead circuits, 3 e B um User Moo (78] Pennywh!sﬂa 103
; 12 858 inpua Dupust A comi 1
switches, appliances, cords, fuses, [ Priorty interugt Conrel 598 u:?;; “u::: !:
motors, control equipment, coils :?n‘: ;:m-”h‘;uu- 148 $1 39 95
i (Geraer st et 1% nows
:ﬁsplﬂ:nllo?:l:::;as{;wd::l‘:: acrI\:i 3: ;‘M Controfes Ben Drvar ,’: P913(2140)  Chueacter Gaserstoriupper case| L+ B :“ . “_I'l m o priE
M ' t + 3 4 FPynepubiste Capabie L rom o
helps identify wires in multi-wire | s Systwn Controner 595 g::‘m" &::r"u"’""'"“’" I:: Cribcd 3ped taquiraments for the rcorder aad 1 1 able 19 commenicate ety wEh
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62-Key ASCII Encoded Keyboard Kit

FEATURES:

* 50 Keys genorate the full 128 char-
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wt

® Fully buffersd

®2 uger-define keys provided for
custom applications

case only
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The JEG10 62 Key ASCII Encoded Keyboard
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puter system, The JEB10 Kit comes com
plete with an industrial grade keyboard
switch sssembly (62 keys), IC's, sockets,
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double-sided printed wiring hoard. The
keyboard sssembly requires +5V @ 150mA
and —12V @ 10mA for operation.

® Utilizes a 2378 I‘D pin) encoder
read only memory chip

® Dutputs directly compatible with
TTL/DTL or MY logic arrays

® Easy interfacing with a 16-pin dip
or 18-pin edge connector

JESIO ... §$79.95

62-Key Keyboard only . . $34.95
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JE200.....-..

2

$14.95
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* Special foam liner static build-up
®Built-in salety lock to prevent UV exposurs

®Compact — only 7-5/8" x 2.7/8" = 2"

s Complets with halding tray for 4 chips

£10.00 Min. Order — U.S. Funds Only
Calit. Residents Add 6% Sales Tax
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MAIL ORDER ELECTRONICS

Spec Sheets — 254
1980 Catalog Available — Send 4 1¢ stamp
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WORLDWIDE

1366 SHOREWAY ROAD, BELMONT, CA 94002
ADVERTISED PRICES GOOD THRU FEBRUARY

UVETIIE.. . csvvasssnnnenanss

JOYSTICK

o *2 each 100K pots (Linear
- - Taper)

| ® Printed Circuit Board
J\ . ﬁ{; Mount

\ ®Size: 1" x1-3/16"x1-3N6"

JOYSTICK

$4.95 /

More Details? CHECK — OFF Page 94
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Plasma diode detector
using a neon glow lamp —
today’s answer

to the slotted-line
standing-wave detector

The use of the plasma in glow lamps and specially
designed discharge tubes for microwave detection is
not new.’4 |n most cases, means are provided for
focusing the microwave energy on a selected point
of the discharge, with the detector output appearing
as a variable component of the lamp current.

The plasmas operate at quite high power levels as
far as biasing is concerned (20 mA and 250 volts).
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plasma-diode experiments

This type power supply is out of line for the experi-
menter working with transistors and ICs.

The drawback of the conventional kind of plasma
detector is its high noise. Relying on Maxwell’s dis-
placement current, research workers have, however,
constructed glow-lamp microwave detectors that are
free from the annoying lamp-current noise. In certain
cases they are even more sensitive than the old
standby, the crystal diode. These new detectors
operate in the gigahertz region up to 100 GHz (3-mm
wavelength}.

starvation-current mode

A recent research and development project at Ser-
colab revealed that worthwhile detector sensitivity
can be achieved in a “’starvation current’’ glow-lamp
mode, with the demand on supply power reduced to
about 0.1 per cent. This kind of operation brings the
glow-lamp microwave detector within every experi-
menter’'s reach, since the entire power supply con-
sists of a few 9-volt transistor batteries. With capaci-
tively coupled microwave energy, the glow-lamp
detector combines an acceptable signal-to-noise
ratio with a broad frequency range, a wide dynamic
range, and the feature of being almost indestructible
— something that can’t be claimed for its competi-
tor, the crystal diode.

By Dr. Harry E. Stockman, Sercolab, P.O.
Box 78, Arlington, Massachusetts 02174
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fig. 1. Experimental circuit for evaluating plasma diodes in
the ““starvation-current’” mode. LC is the loop antenna; N is
a neon lamp. Other components are discussed in the text.

Its characteristic of being able to take a heavy
overload without showing any defect in operation
makes the glow lamp a handy microwave detector.
Furthermore, it's inexpensive. A brand-new neon
lamp costs only 25 cents. (Radio Shack’s NE 2 and
NE 2H are good examples.)

Today, triode and tetrode glow lamps, such as the
TRJ 250, are being used successfully as microwave
detectors, providing the desired coupling internally.*
Alternatively, an external capacitor plate can be
attached to a diode, cemented to the glass envelope.
In the detector described below, a diode lamp with
protruding terminal wires is used with an external rf-
electrode arrangement that forms a loop antenna. A
dipole antenna with capacitor plates provides an
alternative.

test setup

Fig. 1 shows a simple test rig. In the starvation
mode, only the tip of the cathode electrode glows.
The capacitor plates, C, of the loop antenna, L, are
loosely coupled to the discharge. (We are looking
into the glow lamp, A, in the plane of the two elec-
trodes.) Each lamp terminal wire is formed into two
solenoid turns around any temporary 3-mm (1/8-
inch) core, thus providing an rf choke.

Potentiometer P is a small 25k trimpot. Variable
resistor R is 260k. The values are not critical. R1 is a
5k safety resistor. A 741 IC is the detector — output
amplifier; but two 741s in cascade are better, mean-
ing that we may use a 1458 IC.

The output indicators are a scope, an electronic
voltmeter, and earphones. Eight 9-volt batteries are

*The TRJ 250 tube and other glow lamps suitable for microwave detection
are obtainable from General Instrument Signalite Division, 1933 Heck
Avenue, Neptune, New Jersey 07753.

used, held together with a rubber band. The lamp-
supply current amounts to only 0.1 mA, so the life of
the major part of the battery is aimost the shelf life.

the antenna

The experimenter can readily make up an assort-
ment of loop antennas by clipping metal strips from a
coffee can, or better, from a neatly polished, some-
what thicker, copper sheet. The width of the strips
may be 6 mm (1/4 inch).

The quickest way to obtain a properly tuned sys-
tem is to try out different-size loops for a given wave-
length. The inductance can be reduced somewhat by
flattening the loop. The loop position relative to the
glow lamp is shown in fig. 1. This is only one of sev-
eral possible positions. Actually, the best results
were obtained with the loop folded 90 degrees out of
the paper (fig. 1), so that its axis is parallel with the
direction of the electrode system. The loop is then
moved up, down, and lengthwise for optimum coup-
ling to the plasma. For the loop orientation with
respect to the transmitter, the rules are about the
same as for everyday shortwave work.

test equipment
and adjustments

Two low-power laboratory oscillators were avail-
able for the tests — one 1.2 GHz (25-cm wavelength)
and a 2.4 GHz (12.5-cm wavelength). Each was
amplitude modulated with a 1000-Hz tone.

In adjusting the receiver, the P and R controls are
set in a combination that does not promote CR relax-
ation oscillations, which are common in neon-lamp
hookups. The adjustment of the controls is such that
maximum detector audio output is provided.

Once the proper control setting has been found,
the detector will remain stable. If, after a long time of
operation, the lamp goes out, potentiometer P volt-
age is temporarily increased to make the lamp fire.
Then it is decreased to its previous value. Most lamps
fire in the 60-70 volt range. The extinguishing voltage
is then some 10 volts or less.

’2
/—sm/voms waves
77N 7N AN
AN I A
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T
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fig. 2. Plasma detector of fig. 1 implemented for plotting
standing waves on a transmission line. Loop must be moved
along the line at a constant distance from the line for con-
sistent data.
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Order Your Collins KWM-380
NOW!

and receive FREE
(+ old pricing, deposit only required)

1) Noise Blanker — $195.00
2) o 2 Filters, your choice — $96.00 ea.
3) or Blower Kit — $195.00

Get on with the Best!

MOS0

Electronics Supply, Inc.
1508 McKinney * Houston, Texas 77002 « (713) 658.-0268

WANTED FOR CASH

490-T Ant. Tuning Unit
(Also known as CU1658
and CU1669)

4CX150
4CX250
4CX300A
4CX350A

4CX1000
4CX1500
4CX3000
4CX5000

4CX10,000 4-65 4.250 4-1000
5CX1500 4-125A 4-400 304TL

Other tubes and Klystrons also wanted.

Highest price paid forthese units. Parts purchased.
Phone Ted, W2KUW collect. We will trade for new
amateur gear. GRC106, ARC105, ARC112, ARC114,
ARC115, ARC116, and some aircraft units also

required.
DCO, INC.

10 Schuyler Avenue No. Arlington, N. J. 07032
Call Toll Free (201) 998-4246

800-526-1270 Evenings (201) 998-6475

64 february 1980

uses

Among practical uses of this detector is the deter-
mination of the oscillator wavelength. The glow-
lamp detector is placed at the side of the transmitter
with just enough coupling for the modulation tone to
be heardin the earphones. A meter stick is then placed
vertically on the bench, and a reflector is moved up
and down along the stick. Readings are taken at
every sharp null on the meter or in the earphones. A
suitable reflector may be made from heavy aluminum
foil cemented to the back of a writing-pad cardboard.

A bigger reflector is better. One with a quarter-
meter side is a deluxe article. The average distance
between the nulls is one-half the wavelength. Really,
doing it this way we're too close to the transmitter,
and if the experiment is repeated in the horizontal
plane, with a larger distance between transmitter and
receiver, better accuracy results.

In another experiment, we may rig up a two-wire
line in air with a wire distance of 13 mm (1/2 inch),
using one end for coupling and the other end either
open or closed. Another arrangement is to put a bit
of TV downlead on a wooden table, similarly arranged
at the ends.

Fig. 2 shows how the excited end of the line is
formed into a loop, coupled through the mutual
impedance, Zy, to the oscillator. With the line
removed, the transmitter is tuned for minimum direct
pickup by the receiver. Then, with the line in posi-
tion, Zy, is assigned the compromise value that gives
a clear standing-wave pattern with only sufficient rf
power for good deflections on the voltmeter.

The detector is then moved along the line and the
readings are tabulated, whereupon the standing-
wave pattern can be plotted. Loop L must be moved
at a constant distance from the line.

The two-wire air line gives sharp nulls, and the
wavelength obtained agrees quite well with that
measured in the preceding reflector experiment. The
TV cable nulls are not equally sharp, and the meas-
ured wavelength is smaller than the true wavelength
because the insulation dielectric constant is larger
than unity.

references

1. G. Burroughs and A, Bronwell, “High-Sensitivity Gas Tube Detector,”
Tele-Tech, vol. Il, August, 1952, pages 62-63.

2. N.S. Kopeika and N.H. Farhat, “Video Detection of Millimeter Waves
with Glow-Discharge Tubes,” /EEE Transactions on Electron Devices, vol.
ED-22, No. B, August, 1975, pages 534-548.

3. N.S. Kopeika et al, "Commercial Glow-Discharge Tubes as Detectors of
X-Band Radiation,"’ /EEE Transactions on Microwave Theory and Technol-
ogy, vol. MTT-23, October, 1975, pages BA3-B46

4. N.S. Kopeika, "A New Type of 10-GHz Receiver,” 73, September,
1978, pages 222-223.
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MORSE PAK-A ‘s
all the features at the least cost

e Auto speed acquisition

* 16 character readout—
crawling display

e Speed range 5-75 WPM

e Auto word space

e Plugs into RCVR
earphone jack

e Industry’s most

sophisticated Morse
demodulator with AGC

e Attractive, professional
enclosure

LED lock light

¥ Add $5.00 for shipping.
NM residents add 4% sales tax.
We accept Visa, Master Cards

604 MARCELLA PL. NE

MORSE PAK, Inc. % .. \ ALBUQUERQUE. NM 87123

505/293-3553

Call or Write for Delivery or Quote IAI K BIG

KENWOOD TS‘1 2OS Get up to 6dB gain to your

antenna and improve voice quality
with the AEA MAGICOM low cost, high
quality, RF speech processor.

KENWOOD TS-820/820S $27.50
KENWOOD TS-520/5620S $42.50
KENWOOD TS-120 $42.50
DRAKE T-4XC $52.50
DRAKE TR-7 $42.50

Easy to install — No front
panel or permanent modifications —
Fully illustrated instructions

For more details, or to place order, con-
tact Advanced Electronic Applications,

MADISON P.O. Box 2160,

ELECTRONICS SUPPLY, INC. i
1508 McKINNEY » HOUSTON, TEXAS 77002 98036. I
713/658-0268 Te]ephone
206/775-7373
Add $2.00 for -
LEAVE A MESSAGE & WE'LL CALL YOU BACK! shipping and Br."gs you the

handling £, breakthrough!

More Details? CHECK — OFF Page 94 february 1980 65



Differential 90-degree
phase-shift network
built with

coaxial line sections
provides wide
operating bandwidth

This brief note describes an easy-to-build network
capable of providing 90-degree differential phase
shift between two outputs. Over a 2:1 bandwidth the
VSWR maximum is less than 1.2:1 and the deviation
from quadrature phase is 2 degrees. This network
should find application in antenna feed configura-
tions and other instances where extremely broad-
band differential phase shift is not required.

network description

The phase-shift network is A\/2 long at band center
and is shunted at midpoint with an \/8 shorted stub
and an \/8 open stub. For a 50-ohm system the char-
acteristic impedance of the \/2 line and both stubs is
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| 90-degree
* phase-shift network
offers 2:1 bandwidth

31 ohms. A sketch of the circuit is shown in fig. 1.
For clarity, balanced transmission is shown although
actual realization most likely will be coaxial line. The
other half of the differential phase shift network is
3/4 ) length of 50-ohm transmission line. The com-
plete network is shown in fig. 2.

The network in fig. 1 has a dispersive phase char-
acteristic, which means that the phase shift through
the network does not vary linearly with frequency.
An equivalent circuit of a dispersive network is
shown in fig. 3. The phase through the network is
retarded below band center and is advanced above
band center. At band center the parallel circuit is
resonant and has no effect. In this manner, a con-
stant 90-degree phase differential is maintained
between the dispersive network and the 3/4 \ trans-
mission line for an octave bandwidth. Optimum
impedance match for the network is achieved by
using 31-ohm impedance line.

Transmission line of 31-ohm impedance is not
available unless specially made; however, a 30-ohm
line can be realized by paralleling lengths of 50- and
75-ohm line. Fig. 4 suggests one method you may
use to build the circuit. Fig. b is a computed plot of
VSWR versus frequency for the dispersive network
made from 30-ohm transmission line.

conclusions

This note describes a simple 90-degree phase-shift
network, which is easy to build from readily available
materials and adequate for 2:1 bandwidths. In
instances where only 2:1 bandwidths are required in

By R.B. Wilds, K6ZV, 14633 Ambric Knolls
Road, Saratoga, California 95070
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fig. 1. Phase-shift section.

fig. 2. Complete phase-shift network,

fig. 3. Equivalent circuit of phase-shift network.
fig. 4. Construction details for phase-shift section.

fig. 5. VSWR of dispersive phase-shift section.

the rf range, this network is simpler than lattice net-
works, which require baluns for use with coaxial line.
Other transmission-line-type phase shifters, such as
those described by Schiffman,! require coupled
stripline or coaxial line sections and are applicable
primarily for microwave frequencies.

reference

1. B.M. Schiffman, ‘A New Class of Broad-Band Microwave 90 degree
Phase Shifers, "’ Transactions IEEE MTT, April, 1958, pages 232-237.
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FOR THE
ENPERIMENTER

CRYSTALS & KITS/OSCILLATORS « RF MIXERS = RF AMPLIFIER « POWER AMPLIFIER

0X OSCILLATOR
Crystal controlled transistor type. 3 to 20 MHz, OX-Lo, Cat. No.
% 035100. 20 to 60 MHz, OX-Hi, Cat. No. 035101.

Specify when ordering. $5.74 ea.

MXX-1 TRANSISTOR RF MIXER
A single tuned circuit intended for signal conversion in the 3 to 170
MHz range. Harmonics of the OX or OF-1 oscillator are used for
injection in the 60 to 170 MHz range. 3 to 20 MHz, Lo Kit, Cat. No.
035105. 20 to 170 MHz, Hi Kit, Cat. No. 035106.

Specify when ordering $6.38 ea.

OF-1 OSCILLATOR

Resistor/capacitor circuit provides osc over a range of freq with
the desired crystal. 2 to 22 MHz, OF-1 LO, Cat. No. 03t108, 18
to 60 MHz, OF-1 H Cat. No. 035109.

Specify when ordering. $4.93 ea.

PAX-1 TRANSISTOR RF POWER AMP
A single tuned output amplifier designed to follow the OX
oscillator. Outputs up to 200 mw, depending on frequency Lf
and voltage. Amplifier can be amplitude modulated 3to 30 &
MHz, Cat. No. 035104. 4
Specify when ordering $667 ea.

[ ,f@} _ L SAX-1 TRANSISTOR RF AMP
e A small signal amplifier to drive the MXX-1 Mixer, Single tuned
input and link output. 3 to 20 MHz, Lo Kit, Cat. No. 03512. 20 to
170 MHz, Hi Kit, Cat. No. 035103.

4 J Specify when ordering $6.38 ea.

BAX-1 BROADBAND AMP

General purpose amplifier which may be used as atunedor s
untuned unit in RF and audio applications. 20 Hz to 150 MHz
with 6 to 30 db gain. Cat. No. 035107

Specify when ordering. $6.67 ea.

.02% Calibration Tolerance

EXPERIMENTER CRYSTALS (HC 6/U Holder)

Cat. No. Specifications

031080 *3t0 20 MHz — Forusein OX OSC Lo $6.88 ea.
031081 *20 to 60 MHz — For use in OX OSC Hi $6.88 ea.
031300 *3t0 20 MHz — Foruse in OF-1L OSC $5.74 ea.
031310 *20 to 60 MHz — For use in OF-1H OSC $5.74 ea.

SO

*Specify when ordering

Shipping and postage (inside U.S., Canada and Mexico only) will

be prepaid by International Pnces quoted for U.S,, Canada and

Mexico orders only. Orders for shupment 1o other countries will be

gﬁedm request. Address orders to: M'S Dept., P.O. Box 34297
homa City, Oklahoma 73132

TOROID CORES

2 9

v/, All the popular sizes and mixes.
v/ Fast Service. Same day shipment
via first class mail or air.
No minimum order.

IRON POWDER TOROIDS:

Qe | G0 | Tah8 | el | sgs | A
u=10 | uwBS5 | u=4 n
T200 | 120 200 | 325 |
T106 | 135 106 150 |
T80 55 45 80 80 |
T 68 57 a7 21 68 &% |
150 51 0 18 50 55
725 | 3a | 27 12 l 25 a0 |

RF FERRITE TOROIDS:

EQnE ﬂ:v‘g%t PE:‘I-!E SIZE RRICE
MHz MHz .l

F-240 1300 400 2.40 600 |
F125 900 300 1.25 3.00

| Far 600 | 190 87 206 |
F 50 500 190 50 125 |
F37 400 140 a7 1.25
F.23 190 60 23 110 |

INTERNATIONAL CRYSTAL MFG. CO., INC.
10 North Lee Oklahoma City, Okla 73102
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Chart shows uH per 100 turns.

FERRITE BEADS:

$2.00 DOZEN
WIDE BAND CHOKES

95¢ EACH

TO ORDER: Specify both core size
and mix for toroids. Packing and
shipping 50 cents per order USA and
Canada. Californians add 6% sales
tax.

Fast service. Free brochure and
winding chart on request.

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CA 92025
Phone: (714) 747-3343

More Details? CHECK — OFF Page 94




Low Cost...High Performance

600 mHz COUNTER

DIGITAL MULTIMETER

$99.95W|RED

Low cost, high performance, that's the DM-700. Unlike some of the
hobby grade DMMs available, the DM-700 otfers professional quaht,«
performance and appearance at a hobbyist price. It features
different ranges and 5 functions, all arranged in a convenient, easy o
use format. Measurements are displayed on a large 3': digit, '3 inch
high LED display, with automatic decimal placement, automatic
polarity, and owverrange indication. You can depend upon the
DM-700, state-of-the-art components such as a precision laser
trimmed resistor array, semiconductor band gap reference, and
reliable LS| circuitry insure lab quality performance for years to
come. Basic DC voits and ohms accuracy is 0.1%, and you can
measure voltage all the way from 100 uv to 1000 volts, current from
01 pato 20 amps and resistance from 0.1 ohms 1o 20 megohms
QOverload protection is inherent in the d n of the DM-700, 1250
volts, AC or DC on all ranges. making it virtually goof proof. Power is
supplied by four 'C’ size cells, making the DM-700 portable, and, as
options, a nicad battery pack and AC adapter are available. The
DM-700 teatures a handsome, jet black, rugged ABS case with
convenient retractable Uit bail. All factory wired units are covered by
a one year limited warranty and kits have a 90 day parts warranty

Order a DM-700, examine it for 10 days, and il you're not satisited
in every way, return it in original form for a prompt retund

Specifications

DC and AC
Resistance
Input protection

20 msg(mm:. 6 rang ]
olts AC/DC all ranges fuse protected
for overcurrent
10 megohms, DC/AC voits
3% digits, 0.5 inch LED
basic OC volts
cells, optional nicad pack. or AC adapter
Wx3"Hx6"D
2 |bs with batteries

charger

oohohonin

TERMS: Salisfaction guaranteed or
money refunded, COD, add $1.50, Min-
Imum_ order _$6.00. rders under
310 00, add S ?5 Add 5‘\. poslage,
insuranc- ln! as, add
15%. NY rniﬂanl dd?% tax

More Details? CHECK — OFF Page 94

$99'95W|RED

The CT-70 breaks the price barrier on lab quality frequency counters
No longer do you have tosettle for a kit, half-kit or poor performance,
the CT-70 is completely wired and tested, features professional
quality construction and specifications, plus is covered by a one year
warranty. Power for the CT-70 is provided by four ‘AA’ size batteries
or 12 voits, AC or DC, available as options are a nicad battery pack,
and AC adapter Three selectable frequency ranges, each with its
own pre-amp, enable you to make accurate measurements from less
than 10 Hz 1o greater than 600 mHz. All switches are conveniently
located on the front panel for ease of operation, and a single input
jack eliminates the need to change cables as different ranges are
selected. Accurate readings are insured by the use of a large 0.4 inch
seven digit LED display, a 1.0 ppm TCXO time base and a handy LED
gate light indicator

The CT-70 is the answer to all your measurement needs, in the
field, in the lab, or in the ham shack. Order yours today, examine it for
10 days, if you're not completely satisfied, return the unit for a prompt
and courteous refund

Speciftications

Frequency range 10 Hz to over 600 mHz

Sensitivity less than 25 mv to 150 mHz
less than 150 mv to 600 mHz

Stability 1.0 ppm, 20-40°C, 0,05 ppm/ "C TCXO crystal
lime base

Display 7 digits, LED, 0 4 inch height

Input protection 50 VAC to 60 mHz, 10 VAC to 600 mHz

Input impedance 1 megohm, 6 and 60 mHz ranges 50 ohms
600 mHz range

Power 4 'AA cells, 12V AC/DC

Gate 0.1 sec and 1 0 sec LED gate light

Decimal point Automatic, all ranges

Size 5"W x 1%"H x 5%"D

Weight 1 Ib with batteries

Prices

CT-70 wired + tested . . .

CT-70 kit form

AC adapter

Nicad pack with AC adapterﬁcharger
Telescopic whip antenna, BNC plug
Tilt bail assembly

ramsay elzchonics

BOX 4072, ROCHESTER, N.Y. 14610
PHONE ORDERS CALL
(716) 271-6487
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Barry Electronics

. .. Your One Source For Amateur Radio Gear
We’re Now Takmg Orders for the COLLINS Pro-mark™ KWM-380 TRANSCEIVER

* All Solid-State ® 100 Watts Output ® Built-in AC/DC

® Fully Synthesized ®* No Bandswitching ® Frequency Memory
® Microprocessor Frequency Control ® Rate Selectable Tuning
* Famous Collins Quality — Write or call NOW!

Barry is your Collins distributor in New York City We gggg:'nms o,

ROBOT — Amateur TV Gear ROTORS
YAESU — The New TOWERS
FT‘:"?O;WAYFARER DENTRON - Fanldsllc ClippertonlL. REPEATERS

uy NOW — MICROPHONES
Compact 80-10 transceiver SPECIAL PRICE! KE(\:’S & KEYERS

W A' S k ASTRON - 35-Watt Amplifiers TUBES and much, more
e Also Stock . . . In Stock! JUST CALL OR

AEA COLLINS ROHN WRITE FOR THE
ALDA CUSHCRAFT KDK SHURE BARRY PRICE:
ANTENNA DSI KLM STANDARD BETTER STILL
SPECIALISTS DENTRON MFJ SWAN STOPINI
ATLAS DRAKE MIRAGE TEMPO e
B&W EIMAC MOSLEY TEN-TEC - .
BIRD E-ZWAY MURCH TRI-EX AQUI SE
COMMUNICATIONS HY-GAIN NEWTRONICS VHF HABLA
SPECIALISTS ICOM ROBOT ENGINEERING ESPANOL =

Ask about our Amateur Radio License Classes — Novice thru Extra!

The Export Experts Invite Overseas orders — We Ship Worldwide
512 BROADWAY, NEW YORK,N.Y. 10012

BARRY ELECTRONICS TELEPHONE (212) 925-7000

| }
Winter
WHY GET ON FAST _SCAN ATV? ) . Operaﬁng

® You can send broadcast quality video of home movies, video
tapes, computer games, etc, at a cost that is less than sloscan.

» Really improves public service communications for parades, un
RACES, CAP searches, weather watch, etc.

® DX is about the same as 2 meter simplex — 15 to 100 miles. IdeaS!
ALL IN ONE BOX

TC-1 Transmitter/Conv

Plug in camera, ant, mic and you are
o e 980 nod 80 METER DXING
by John Devoldere, ONAUN
Going for 5 Band DXCC or just looking for a new DX cha:ienge? This is pos-
itively the last word on working 80 meter DX. The author combines his
many years of 80 meter operaling experience with that of others to produce
HITACHI HV-62 TV CAMERA chapters on propagation, antenna systems, slalion equipment and inter-
High performance closed circuit national operating practices peculiar to 80 — all in a handy scrapbook for-
camera just right for atv. with lens mat. What are the best times to be on? What's the best antenna? You'll
e ah (T Phaias .$239 ppd find answers to these and many more B0 meler questions. B0 pages
£11978
PUT YOUR OWN SYSTEM TOGETHER [ JHR-80M Softbound $4.50
THE CHALLENGE OF 160!
TVC-1B CONVERTER tunes 420 i Dunn
mhz down to ch 2 or 3..$49.50 ppd b"' S
$69 ppd The unigue operating and propagation characteristics in the 160 meter
TXA5 EXCITER . . . . .. P band are examined plus details on constructing simple equipment; anten-
PAS5 10 WATT LINEAR . . $79 ppd nas, transmitting and receiving gear 54 pages. ©1977

FMAS Audio Subcarrier . $24.50 ppd 1ST-160 Softbound $4.95
SEND FOR OUR CATALOG, WE HAVE IT ALL

Modules for the builder, complete units for the operator,antennas,
color cameras, repeaters, preamps, linears, video ider and clock,

e 474565 56 o ur time CALL TODAY 1 (800) 258-5353
P.C. ELECTRONICS Ham Radio’s Bookstore

gaas PANNON Greenville, NH 03048
Please add $1 for shipping.

Maryann [*]
wBeyss ARCADIA, CA 91006 WEORG
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SPECTRONICS, inc. |

1009 Garfield St., Oak Park, Hlinois - 60304

(312) 848-6777

OUR BEST-SELLING

(IMBRAIN) ;e

All weather

MULTI-BAND!

¥
-
T
T

JTF
o -
>

=|)

» > &
b § - i

» One half the length of conventional halt-wave dipoles

Multi-frequency
theiency —- no traps. feading coils. or stubs

Fully assembled and pre-tuned — no measunng. no cuting

rated — 1 KW AM 2 5 KW CW or PEP SSB

AS LOW AS e Proven performance — more than 10.000 have been delivered
» Permit use of the full capabilities of today's S-band xcvrs
7 75 ¢ One feedhine for operation on all bands
40-10HD/A 40/20/15/10 Mtrs (36). . . . . . $73.75
" 78/40 Meter 80-40HD/A 80/40 Mtr bands (69). . . . . . . 77.25
75/40HDI/A 75/40 Mtr bands (66). ... ... 73.75
75-10HDI/A 75/40/20/15/10 Mtr (66) . . . . . 89.95
80-10HD/A 80/40/20/15/10 Mtr(69) . . . . . 94.95

2 METER ANTENNAS at
BARGAIN PRICES!!
whkgaln 3 db GAIN
MAGNETIC MOUNT

N EW ! onwy

Mode! 287
Wt. 2.5 lbs.

9.2

An economical alternative to drilling a hole.
A magnetic antenna by a name you can
trust at a low, low price.

Model 286 Same but trunk lid $15.95

NEW from FINCO

If it's the ultimate in paddies you're looking for

may wer the her. it's simply the
nicest one we've seen yet.
BY1 paddle wiblack base.......... $39.95

BY1 Deluxe model wichrome base. . . 49.95

MODEL HQ |
5139501

CRAMPED
FOR SPACE ?

Men you want the o WING SPAN. 11 F1

OPtennc NG!S knOwn — « BOOM 54 INCHES LONG.
Qround e workd 1or 15, D AREA- 1 5 5@ F1

« 1200 WATIS PE P INPU) 1O

WPOH 5@ ONd SUPeHO!
perormance  The
MUINDGHO HYBRID QUAT: FINAL

FEED (NE 50 OWMS

for 610 15 8 20 metes «

SWL ANTENNAS

MOSLEY SWL-7 MOSLEY SWV-7
DIPOLE VERTICAL

-

For 11,13,16,19.15,
31, & 49 meters. An
inexpensive horizon-
1al dipole with 8 pre-
tuned weatherproof
trap assemblies that
are the key 1o the
SWL-7's amazing
broadband cover-

age. Complete kit it for SWL tun. onjy
wiinstr.

$49.%°  %84.%°

Please add $2.50 each for shipping

For 11,13,16,19.25,
31, & 49 meters. 6
specially designed
traps all housed in
single weatherproof
phenolic housing for
top DX reception
Designed for roof or
ground mount &
swaged for maxi-
mum resistance to
wind vibration. Few
verticals can maitch

h

Please add $2.00 each for shipping
unless otherwise noted.
(Continental U.S.A.)

More Details? CHECK —OFF Page 94

PANASONIC “COMMAND" SERIES
RF-2200

RAF-2200 8 BAND AM/FM,
SW treqs trom 39 to 28
MHz Double super het-
erodyne Precise cah-
Drated tuning to 10 kH2
Double-check xtal marker
at 500 kHz and 125 kHz

RF gain control for AM/ISW
BFO switch tor SSB & Sw
Plus many more teatures
such as ext. jacks for AC
ant . & spkr Big radio
features at low price

Plus $2 50 Shipping

RF 2900

RF 2900 DIGITAL AM/FM
SW frgm 3.2 to 30 MH2
S oigit LED display
reads all bands Doubie
superheterodyne L cir
cuitry FM AFC & wide/
narrow bandwidth controi
Fast/Slow tuning
Built «in AM ant Tele
scoping whip tor AMISW
BFO pitch control tor
SSB/ICW And much
much more {or the price

Plus $2.50 Shipping

RF-4900

FULL SW
COVERAGE
FROM 1.6 to 31

Plus
$5.00
Shipping

RF-4900 DIGITAL AM/FM, SW coverage from 16 10 31 MHz
s Full digital readout on alt bands * 5 digut tiuorescent
readout * Premix double superheterodyne ¢ Fast/siow tun
ing * AFC on FM, Narrow wide seleclwly switch tor
AMISW ¢ BPO Pitch control » Cahbration controt @ ANL
switch for AM » FET RF circuit  RF Gain control ¢ Inc
ants for FM & SW and more

IMPROVE YOUR
RECEPTION WITH
AN AMECO ALL-
BAND PREAMP!
¢ 6-160 Meters

* 20+ dB Gain

* Low Price

MODEL PLF-2 Improves weak signals as well as 1image
and spunous rejection of most receivers Direct switching
to rec or preamp Includes pwr supp 117 VAC wired &
tested ppd $49.95.

2.8 dbd GAIN
BASE ANTENNA

ONLY

| $9.28

Model A2-GP
Wt. 2 Ibs.

At last! An inexpensive, omni directional,
144-148 MHz, 1/2 wave antenna. Fits 1 %"
mast, 50 ohm imp. A good antenna at a very
affordable price.

ON GLASS MOBILE ANTENNAS

Modern technology lets you mount a mobile
antenna right on the window. Ideal for
tough installations. 3 models available

AH151.3G 144-174 MHz, 3db gn. ... $33.95
AH220.3G 220 MHz, 3dbgn.........
AH450.5G 406-512 MHz, 5 db gn

Write For
FREE

Equipment

Catalog
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GREGORY ELECTRONICS
The FM Used

Ey P
fCraonce CO0

2 Meter
Portable

G.E. MASTR PR 36
132-150 MHz - 5 Watts

ALL SOLID STATE
with Ni-Cad Battery

New Low Price

*138.

Equipment People.

Vehicular Charger 4EP63A (sold only with unit) D25,

Twice as
much for less.

HR-LB  Here

AR AR LA L

$1.75

Send check, money order or credit
card information plus $1.00 shipping to:

(@& GREGORY ELECTRONICS CORP.

245 RL. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000

Ham Radio’s Bookstore
Greenville, NH 03048

(7]

Telemetry Communications & Instrumentation, Corp

MILITARY SURPLUS

Look lor

WANTED

ever on recent US
1ally o 20

!Eﬁ Our all-new TVRO Satellite Receiver

our ad in March
For FREE information & data Military
write ar parls
TCICorp. 411N Buchanan Circie ¥ fler (2071)

878 Ruta Court. S Hackensack. N.J 07606

o607 SPACE ELECTRONICS CO.

sur
We

sheet. call or HEIEEs

s equipment

ecl for high «

SAVE ON ALL
TRANSVERTERS & AMPS

M &M has the items listed below for immediate delivery. Call for quote now before

prices go up at the first of the year

TRANSVERTERS POWER AMPLIFIERS

23 cm 2W out 28 MHz in 23 cm 50W output AC Supply

S50TA $499.95 - - SOTA $699.95

23 cm 2W out 144 MHz in i, 70 cm 50W output AC Supply

S0TA $499.95 S0TA $499.95

70 cm 15 W out 28 MHz in . 70 cm 50W out 12 .5V (MML 432/50)

SOTA $424.95 MMW $369.95

220 & 144 MHz power amps also

go NxEEM?-'IIERSsdB NF LUNAR call for quote
3 cm

SOTA $149.95 ANTENNAE

23 cm 144 MHz IF 3 dB NF

SOTA $149.95 Sl $59.95

70 cm 28 MHz IF 2 dB NF 70 cm 19 el Yagi

SOTA $124.95 RIW $59.95

70 cm OSCARBOX 'J’ 1.3 m 11 el Yagi (220 & 223 models)

LUNAR $124.95 NMT $54.95
2 m 11 el Yagi (144 & 146 models)

Year end close out NMT : $59.95

KR-500 elevation rotors
$150.00

M&M

Call (714) 299-9741

RF DISTRIBUTORS

P.O. Box 82183 » San Diego, CA 92138
2785 Kurtz St. Suite 4 » San Diego. CA 92110

23 cm 28 el Loop Yagi

72 february 1980

More Details? CHECK — OFF Page 94




- ('\ c‘
=
RF-440

Now These corronamion
Communications Essentials

SWR & Power Meters
Models CN-720, CN-620 and CN-630

Simullaneous direct reading SWR,

RF Speech Processor
Models RF-440 & RF-660

RF-660
Increases talk power with splatler free
Forward Power and Reflecled Power operation. RF clipping assures low distortion
Tolerance: all units + 10% full scale Simply install between microphone and
Connectors: SO-239 transmitter.

CN-720 and CN-620 Talk Power: Belter than 6 dB

Frequency Range: 1.8—150 MHz Frequency Response: 300-3000 Hz al 12 dB down

SWR Detection Sensitivity. 5 Watls min Distortion. Less than 3% al 1 kHz, 20 dB clipping

Power: 3 Ranges (Forward, 20/200/1000 Walls) Power Requirement; RF-440 self contained
(Reflected, 4/40/200 Watts) AC power supply. RF-660 13 5V DC external supply

CN-720

CN-630

Frequency Range. 140—450 MHz
Power: 2 Ranges (Forward 20/200 Watls)
(Retlected 4/40 Watls)

Coaxial Switches
2 Position/Model CS-201
4 Position/Model CS-401

Prolessionally engineered cavily conslruchon

Power Raling. 2.5 kW PEP, 1 kW CW

Impedance: 50 Ohms

Connectors: S0O-239

Insertion Loss: Less than .2 dB

VEWR: 112

Maximum Freguency: 500 MHz

Isolation: Better than 50 dB at 300 MHz
better than 45 dB at 450 MHz
adjacent lerminal

Unused Terminals grounded

Available from these authorized distributors...

ARIZONA ILLINOIS NEW \'OFIK

Kryde! Electronics Enckson Communicalions oy
Phoanix (602) 2493739 Chicago (312)631-518)

CALIFORNIA Tri-State 1 s Corp Douglas Electior

Ham Radio Outlet Moun! Prospect (312) 255-0600 3 7950 Corpus Chnsti (512) BR3-5103

Anahmm (714) 761-3033 Specitonics. ine BC ommunicalions, Ing AGL Electromcs

Haenry Radio Company Dak Park (312) BAB-GT78 Huntington o0 (516) 549-8834 Dallas (214) 699-1081

Anaheim (714) 7729200 INDIANA Barry | leciron Amateur & Commercial Electronics
New, ko (212) WA 57000 Forl Worth (B17) 282-3371

Radio Oullet The Ham Shack

game (415) 3425757 Evanswille (812) 422-0231
Henty if‘*d RhOFOpany.. Calumet Electromcs
Los Angeles (213) 477670 Gary (219) BB7-4961
Tower £ I,r" nonies Graham Electronics Ak
Mission Viejo (714) 768-8900 Indianapolis (317) 634 T & M Electromic Supply uto
U«do Electronics i Patcth e (5160 2B9-2520
e ey A Rodeleld Company, Ing i
Mountain Vie 115) S68-8854 Richmond (317) 966-350° HI:;J-U Wor .‘E. ) .
ZawitiSacramenlo IOWA Oriskanv (315) 337-262:
Sacramenio (916) 446-3131 o w p— fadio Corp Appliance § Equipment Company
Ham Radio Oullet N""i:].'ll:'; [“,'.",'PJ'".';"’ S eam (516) B72:9565 San Anlonio (512} 7330334
¢ ) J o5 ines (515) 244-723
San Diego (714) 560-4300 KANSAS OHIO UTAH

Omega Radio & Electronics
San Diego (714) 578-3324
Western Hadio

San Diego (714) 239-0361
Quemaent Electronics Inc
San Jose (408) 998-5900
Wescom Engineering

San Marcos (714) 7440700
HEMEL

Santa Barbara (805) 963-3765
Ham Radio Qutlet

Van Nuys (217) 988-2212

COLORADO
CW Eleclionics
Deanve 1) B93-5525

CONNECTICUT

Thomas Communicalions
Newington (203) 66 7-0811
DELAWARE

Delaware Amateur Supply
New Caslle (302) 3:
Amaleur §
Wilminglon
FLORIDA
Higleah Communicalions
Hialeah (305) BB7-5936

Quad Electr 3
Pensacola (904) 438-3319

GEORGIA

Ak Radw

Allanta (40

HAWAII

Associated Radio Commumcations

Overland Park (913) 3815900
Electronics, Inc

Salina (NI TA 7-7377

Radio Supply

Salina {913) B23-6353
Amaleur Ra
Wichila (318) 2
MARYLAND

Comm Cenler

Laurel (301) 7920600
MASSACHUSETTS
You-do-il Ele
Needham (61
Tufts Raoio & Elecironics
Medlord (617) 395-8280
MICHIGAN
Purchase Rac
Ann Arbor (31

E *l 1005

Supply

NO B-BE96

& Engingerning
e ]

Radio Supply
Datron (313) 4
Radio Parts, Ing

Grand Rapids (B16) 4590247
MINNESOTA

MNorthwes! Radio

Duluth (218) 7271565
MISSOURI

Ham Radio Cenler

St Lows (314) 993600l
NEVADA

Las Vegas (702) 647
NEW JERSEY

C H Electronics Distntuiting

Totowa (¢

More Details? CHECK — OFF Page 94

Universal Amateur Radio
Reynoldsburg (614) B6G-4267
Srepco Electroncs
Daytan (513) 224-0871
OKLAHOMA
Rado Inc

Tulsa (918) 587-9123
Kriyder Cirg
Oklahoma Cily (405) 7881951
OREGON
Portiand Radio Supply
Portiand (503) 228-B647
Portland Radio Supp |\|
Mediord (503) 773-581
PENNSYLVANIA
Trevose Hamlronics
Trevose (215) 3671400

Ham ~Buerger, Inc
Willerw Grove (215) 659-5800
TENNESSEE

Amateuwr Hadio Supply
Madison | ) BER-1956

Lerma
Memphis (201) 4

Baliard Supply

Salt Lake City (B01) 9/2-2430
VIRGINIA

EEB

Vienna (703) 938-3350
WASHINGTON

ABC Commun
Seallle (206}
Amateur F
Seallle (206) 7

Consumer Communicahons
Seallle (206) TB4-7337
WISCONSIN

Amateur Electionic Supply
Milwaukee (414) 4424200
CANADA

Ham Radio Atlantic

S1.John. N.B (506) 652-5753
CommiPlus

St-Laurent, Quebec (514) 337-7255

Exclusive USA agent for these units; inquiries invited.

Write for literature

WJ J. W. Miller Division
BELL INDUSTRIES

19070 REYES AVE m PO BOX 5825

Pdll COMPTON, CALIFORNIA 90224
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comments

(Continued from page 6)

U4) to the top end of diode CR5 near
the lower right hand corner of U13.
Reconnect the clock control lead to
either end of this new jumper. Finally,
cut away a short segment of the foil
to open the path between U13 pin 10
and CRS5.

The effect of these changes is to
delay the buildup at U13B pin 10 of
the high on the clock control line until
U3B has time to take U13B pin 9 low.
The resistor and capacitor values are
not too critical, and if this doesn’t
cure the click completely, try a slight-
ly higher resistor value (up to about
270 ohms).

Robert C. Cheek, W3VT
Tokyo, Japan

split-band
speech processing

J— Jc
-

—

Dear HR:

This note is prompted by Wes
Stewart’s article in ham radio for
September, 1979, which | liked very
much for his understanding of the
subject and the unmasking of some
of its secrets. However, there are a
couple of points which can stand clar-
ification; they have been alluded to in
the original article describing the
process (Fisk, ham radio June, 1976)
but not discussed in detail.

The first thing | noticed in
Stewart's design is the measured dis-
tortion, which is about twice as high
as that of the Vomax unit by Max-
imilian Associates. The detrimental
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effect of distortion on the processing
gain has received considerable atten-
tion in both my own (ham radio
February, 1971) and Fisk's article;
Stewart’s design will probably show 2
dB less talk power gain than the com-
mercial device, for which 10 dB is
claimed. Explanations of the causes
of distortion are a little tedious, but
not really difficult.

Stewart’s band splitting filters have
a Q of 1.84; in contrast, the Vomax
design value is 2.5, with the same
passband ripple and slight reduction
in overall bandwidth. | shall try to
demonstrate the importance of the
higher Q value. For a hard-clipped
signal near the center of a band, the
third harmonic distortion in that band
due to finite filtering is 5 per cent for
Vomax, 7 per cent for Stewart’s
design. The difference is not very sig-
nificant. For frequencies above the
filter peak, the numbers are essential-
ly the same.

Unfortunately, the situation is very
much worse for signals below the
peak frequency of a particular band.
Imagine a signal near the peak of one
band, but below the peak of the next
higher band by a factor of 1.73 (3],
If this signal is distorted (clipped),
there will be no filtering as the third
harmonic falls above the band peak
by the same factor. If there is to be
no distortion, then the maximum clip-
ping must be held to whatever re-
sponse is provided by a tuned circuit
which is off-resonance by a factor of
1.73; this is 9.5 dB and 6.8 dB respec-
tively for the Vomax and Stewart de-
signs. Fortunately, this signal compo-
nent amplitude is down by the same
amount when combined with the
lower band output, so that some dis-
tortion, i.e., clipping, is permissible.

For a total distortion limit of 10 per
cent, this number is 2.5 dB, giving a
total of 12 dB for Vomax and prob-
ably about 1 dB for a total of 8 dB for
Stewart’s circuit. Conversely, for the
same amount of clipping, the lower Q
design will produce higher distortion,
approximately proportional to the

square of the Q ratio. Obviously the
higher the Q, the lower the distortion;
this can be obtained within our de-
sign restraints, however, only by a
smaller total bandwidth, higher pass-
band ripple, or both. This distortion
of signals below the peak frequency
of a band increases rapidly with am-
plitude above a specific level, so that
an effective agc of the preamplifier is
an absolute necessity. For the perfec-
tionist, | would suggest a design in-
corporating six or more bands permit-
ting the use of higher Q filters for
reduced distortion.

If | have one criticism of Stewart's
article, it is his lack of concern for the
input amplifier. The low-cost SL1626
IC is a loose-tolerance device with
output level variations between
samples of more than 8 dB. This ne-
cessitates individual calibration of the
clipping level control for each assem-
bly. Even worse is the effect of its
output distortion, stated as 2 per cent
typical with no maximum specified,
on the performance of the processor.

Any distortion produced ahead of
the processing circuitry will be magni-
fied; i.e., the processor acts as a dis-
tortion enhancer. Imagine a signal
near the center of the lowest band; if
it contains second and third harmonic
distortion, these individual compo-
nents will appear near the centers or
peaks of the second and third bands.
With 14 dB clipping in the lowest
band, the distortion components will
be amplified by the same amount, or
five times! Therefore, 2 per cent dis-
tortion in the input amplifier will show
up as 10 per cent added to the proc-
essing distortion in the output com-
biner. While developing the final
design for the Vomax unit, | investi-
gated a number of available inte-
grated circuits for use as input ampli-
fiers with agc. | was unable to find
one with acceptably low distortion
(0.5 per cent), so resorted to the cir-
cuit implementation with discreet
components.

To summarize, split-band process-
ing, while an acknowledged valuable



and effective technique, poses a

number of design problems, which
require careful attention to detail.

Walter Schreuer

Maximilian Associates

Swampscott, Massachusetts

| have studied Mr. Schreuer’s com-
ments, and with the exception of a
couple of minor points, | find myself
in agreement with them. Our major
difference seems to be our different
design -goals. Mr. Schreuer’s goal
was a high quality, high performance,
high cost commercial product; my
goal was the design of a unit possess-
ing similar characteristics that could
be built by the average ham who
could not or would not spend nearly
$200 for the Vomax.

As mentioned in the opening para-
graph of my article, the price paid for
increased performance is increased
complexity and cost. Even Mr.
Schreuer agrees that to approach
perfection the design would require
six or more bands. Obviously, we
must stop somewhere. Mr. Schreuer
and | seem to disagree only on where
to stop.

Higher Q filters can offer lower dis-
tortion; however, | feel that higher
precision components should then be
used in the active filters and summing
amplifier. While | personally have
access to precision parts, | felt the
average home builder would have
trouble finding them and designed
accordingly. Complete design data
was given in the text and appendices
for those wishing to try design im-
provements and the experimenter is
encouraged to do so.

| must add that Mr. Schreuer took
the liberty of comparing the results of
using higher Q using my center fre-
quencies. If we compare results using
a Q of 2.5 and the center frequencies
used in the Vomax, the off-resonance
attenuation computes to —8.4 dB,
not the —9.5 dB claimed by Mr.
Schreuer; a small point to be sure but
perhaps worth mentioning.

Regarding the SL1626, the toler-

ance on output level is only 6 dB, not
the over8 dB claimed by Mr. Schreuer.
Except in a production environment,
this is not a big problem. Mr.
Schreuer raises a good point regard-
ing the distortion characteristics. Per-
haps he could share his expert knowl/-
edge in this area with those who wish
to go to the increased complexity of
the discreet circuit.

In summary, | feel the design | pre-
sented in the September issue fills a
need for an easily reproduced, inex-
pensive speech processor that
delivers more performance enhance-
ment for dollars spent than any-
thing other than perhaps antenna
improvements.

Wes Stewart, N7WS
Tucson, Arizona

talking clock

Dear HR:

The diagram of the Talking Clock
addition in October, 1979, ham radio
has an error: the leads connecting to
pins 10 and 11 of the 74157 should be
interchanged.

The Talking Readout described in
the June, 1979, issue was described
as it was interfaced to the Spectron-
ics DD-1, which | understand is no
longer in production. However, |
have successfully interfaced the unit
with the Kenwood DG-1, intended for
use with the Kenwood 520S. Since
the article was published, the multi-
plexer portion of the circuit has been
made available on a separate board,

which can be inserted into the DG-1,
reducing the interconnection to
about nine leads rather than thirty, as
multiplexing is done /n situ. The BCD
data is accessed as it enters the six
7454s. Since this is latched or stored
data, no gating is required, so pin 4 of
the 7454 of the talking digital readout
control board may be tied to +5
volts,

Similarly, the Yaesu ZD-1 external
readout for the FT101-Z should be
readily interfaced; BCD data for each
digit exist at pins 5, 10, 2, 12, of the
six 74L.S196s. Gating should be re-
quired but is available at Q01, which
drives the LED cathodes.

Interfacing to other transceivers
may be complicated by the increasing
use of seven-segment counter out-
puts from counters. When | have lo-
cated a suitable seven-segment to
BCD decoder, such as the 74C915, a
redesign will be undertaken.

| would be happy to answer any
correspondence regarding either arti-
cle from readers who include an
SASE. Inquiries related to other trans-
ceivers should include a detailed dia-
gram of the digital readout portion.

Ray Brandt, N9KV
Janesville, Wisconsin

Dear HR:
| would like to express my appreci-
ation for your series of articles on
“Digital Techniques’’; it expanded
my knowledge of digital devices con-
siderably. | hope that this series is
continued, and | would like to see
these articles expanded into the more
complex integrated circuits used in
microprocessors. Understanding the
MCS6522 and MCS6530 would be
typical.
| subscribe to ham radio not for the
straight Amateur Radio articles but
for articles on things like the phase-
lock loop, power supplies, counters,
operational amplifiers, and other
technical subjects.
Keep up the good work.
Norbert K. Fox
Guttenberg, lowa
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WRITE FOR LITERATURE

333 W. Lake Street, Dept. A
\\Chlcago. lllinois 60606 = (312) 263-1808

BCMCHER,INC,

e Full range of adjustment in
tension and contact spacing.

» Self-adjusting nylon and steel
needle bearings.

* Solid silver contact points

* Polished lucite paddles

* Precision-machined, chrome
plated brass frames

= Standard model has black,
textured finish base; deluxe
model is chrome plated.

* Heavy steel base; non-skid feet.

Available at selected dealers or
send $39.95 ($49.95 for chrome
model) plus $2.00 shipping and
handling. Overseas amateurs
invited to request quotation for air
parcel post shipment )

- - s -
JEH l- \ '-ﬂ 113!
by ALUMA
HIGHEST QUALITY
60 Fi. Aluminum, ALUMINUM
ol T80 & STEEL s
I Model SHD-40

* TELESCOPING (CRANK UP)

* GUYED (STACK-UP)

* TILT-OVER MODELS

Easy to install. Low Prices.
Crank-ups to 100 ft.

il EXCELLENT FOR
i;::! HAM COMMUNICATIONS E
i
- SPECIAL i
Four Section 50 FL
Van Mounted Crank-Up E

Aluma Tower

e TN e

Over 36 types aluminum
and steel towers made-
specials designed and
made—write for details

W e SE e TN e

ey e

ALUMA TOWER CO.

Box 2806HR

VERO BEACH, FLA. 32960
PHONE (305) 567-3423

TELEX 80-3405

NEW! $sotron Antennas
THE ULTIMATE SPACESAVER

80 Meters or 40 Meters
4z ft. Length 3ft.

8 bs. Weight 4 Ibs.

110 kHz B.W. 250 kHz
500 coax Feed 5010 coax
54.95 Price 44.95

Needs no radials or matching de-
vices! B.W. is within 2:1 S\W.R. Excel-
lent for all amateur uses. Call or write:
BILAL COMPANY
Star Route
Florissant, Colo. 80816
Phone: (303) 687-3219

F.ET.included

FACSIMILE

COPY SATELLITE PHOTOS,
WEATHER MAPS, PRESS!
The Faxs Are Clear — on our full size (18-1/2"
wide) recorders. Free Fax Guide.

TELETYPE

ATLANTIC SURPLUS SALES 1212|
3730 NAUTILUS AVE

20349
BROOKLYN. NY 11224

1980
Radio
Amateur
Callbook

Don't be one of those who waits
until the year is half over to buy a
new callbook. Invest in a callbook
today and get a full year’s use out
of your purchase. Crammed full of
the latest addresses and QSL. infor-
maton.
You'll find:
Boldface calls, names and addresses
for every licensed Amateur in the U.S.
CB-US Softbound $16.95

The

Foreign
Callbook

DXing is a real joy, but it's even
better when you get back QSI

cards from the countries you've
worked. The most important tool in
getting those cards is 1o have a
copy of the 1980 Foreign Callbook
on your operating table. Stations
are listed by country, call, name
and address in bold, easy-to-read
lype. CB-F  Softbound $15.95

Please include $1.75 addinonal shipping for
cach Callbook ordered

HAM RADIO’S
BOOKSTORE

GREENVILLE, N. H. 03048
(800) 258-5353




You're standing in an open field. Suddenly
there's music from all directions. Your bones
resonate as if you're listening to beautiful
stereo music in front of a powerful home stereo
system.

But there's no radio in sight and nobody else
hears what you do. It's an unbelievable
experience that will send chills through your
body when you first hear it.

AROUND YOU

And nobody will know you're listening to a
stereo. The entire sound system is actually
draped around you like a scarf and can be
hidden under a jacket or worn over clothes.

The Bone Fone is actually an AM/FM stereo
multiplex radio with its speakers located near
your ears. When you tune in a stereo station,
you get the same stereo separation you'd
expect from earphones but without the bulk
and inconvenience. And you also get some-
thing you won't expect.

INNER EAR BONES

The sound will also resonate through your
bones—all the way to the sensitive bones of
your inner ear. It's like feeling the vibrations of
a powerful stereo system or sitting in the first
row listening to a symphony orchestra—it's
breathtaking.

Now you can listen to beautiful stereo music
everywhere—not just in your living room.
Imagine walking your dog to beautiful stereo
music or roller skating to a strong disco beat.

You can ride a bicycle or motorcycle, jog
and even do headstands—the Bone Fone
stays on no matter what the activity. The Bone
Fone stereo brings beautiful music and con-
venience to every indoor and outdoor activity
without disturbing those around you and with-
out anything covering your ear.

SKI INVENTION

The Bone Fone was invented by an
engineer who liked to ski. Every time he took a
long lift ride, he noticed other skiers carrying
transistor radios and cassette players and
wondered if there was a better way to keep
your hands free and listen to stereo music.

So he invented the Bone Fone stereo. When
he put it around his neck, he couldn't believe
his ears. He was not only hearing the music

More Details? CHECK — OFF Page 94

.

and stereo separation, but the sound was
resonating through his bones giving him the
sensation of standing in front of a powerful
stereo system.

AWARDED PATENT

The inventor took his invention to a friend
who also tried it on. His friend couldn't believe
what he heard and at first thought someone
was playing a trick on him.

The inventor was awarded a patent for his
idea and brought it to JS&A. We took the idea
and our engineers produced a very sensitive
yet powerful AM/FM multiplex radio called the
Bone Fone.

The entire battery-powered system is self-
contained and uses four integrated circuits
and two ceramic filters for high station select-
ivity. The Bone Fone weighs only 15 ounces,
so when worn over your shoulders, the weight
is not even a factor.

BUILT TO TAKE IT

The Bone Fone was built to take abuse. The
large 70 millimeter speakers are protected in
flexible water and crush resistant cases. The
case that houses the radio itself is made of
rugged ABS plastic with a special reinforce-
ment system. We knew that the Bone Fone
stereo may take a great deal of abuse so we
designed it with the quality needed to with-
stand the worst treatment.

The Bone Fone stereo is covered with a
sleeve made of Lycra Spandex—the same
material used to make expensive swim suits,
s0 it's easily washable. You simply remove the
sleeve, dip it in soapy water, rinse and let the
sleeve dry. It's just that easy. The entire
system is also protected against damage from
moisture and sweat making it ideal for jogging
or bicycling.

The sleeve comes in brilliant Bone Fone
blue—a color designed especially for the
system. An optional set of four sleeves in
orange, red, green and black is also available
for $10. You can design your own sleeve using
the pattern supplied free with the optional kit.

YOUR OWN SPACE
Several people could be in a car, each tuned
to his own program or bring the Bone Foneto a
ball game for the play by play. Cyclists,

STEREO BREAKTHROUGH

. Bone
- Fone

A new concept in sound technology
may revolutionize the way we
listen to stereo music.

The Bone Fone surrounds your entire body
with a sound almost impossible to imagine.

joggers, roller skaters, sports fans, golfers,
housewives, executives—everybody can find
a use for the Bone Fone. It's the perfect gift.

Why not order one on our free trial program
and let your entire family try it out? Use it
outdoors, while you drive, at ball games or
while you golf, jog or walk the dog. But most
important—-compare the Bone Fone with your
expensive home stereo system. Only then will
you fully appreciate the major breakthrough
this product represents.

GET ONE SOON

To order your Bone Fone, simply send your
check or money order for $69.95 plus $2.50
postage and handling to the address shown
below. (lllinois residents add 5% sales tax.)
Credit card buyers may call our toll-free
number below. Add $10 if you wish to also
receive the accessory pack of four additional
sleeves.

We'll send you the entire Bone Fone stereo
complete with four AA cell batteries, instruc-
tions, and 90-day limited warranty including
our prompt service-by-mail address.

When you receive your unit, use it for two
weeks. Take it with you to work, or wear it in
your car. Take walks with it, ride your bicycle or
roller skate with it. Let your friends try it out. If
after our two-week free trial, you do not feel
that the Bone Fone is the incredible stereo
experience we've described, return it for a
prompt and courteous refund, including your
$2.50 postage and handling. You can't lose
and you'll be the first to discover the greatest
new space-age audio product of the year.

Discover the freedom, enjoyment, and
quality of the first major breakthrough in
portable entertainment since the transistor
radio. Order a Bone Fone stereo at no
obligation, today.

o) PRODUCTS
o THAT
= WTHINK

DeptHM One JS&A Plaza
Northbrook, lIl. 60062 (312) 564-7000
CallTOLL-FREE ........ 800 323-6400
Inlllincis Call .......... (312) 564-7000

¢ JS&A Group,Inc.,1979
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products

fm transceiver, the
Azden PCS-2000

Amateur-Wholesale Electronics is
proud to announce its superior new
Azden PCS-2000 2-meter fm trans-
ceiver. The PCS-2000 covers 144-148
MHz in 5-kHz steps (eight hundred
channels). It features six memory
channels, and scanning of memory,

or the full band in “free,” "busy,”
and “'vacant’’ modes. All frequency
control functions are performed by a
microcomputer.

Upon inspection, the most striking
feature is the absence of a large knob
for frequency control. In place of a
knob, there is a twelve-button micro-
computer control keyboard. The de-
sired frequency is programmed into
the radio digit-by-digit. Simplex,
—~ 600 kHz, or + 600 kHz operation is
selected by pushing a keyboard but-
ton. Using a front-panel rotary
switch, three additional offsets be-
come available: +400 kHz, +1 MHz
and + 1.6 MHz.

The unit comes apart into two
pieces; the control head separates
from the main unit. With an optional
connecting cable, the two units can
be located as much as 15 feet apart.
This allows great flexibility for mobile
and portable operation.

The microphone contains a volume
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and squelch control, two frequency-
control buttons, and a button for in-
stant recall of memory channel 1. By
using these controls, the necessity of
reaching down to the control panel
while driving is greatly minimized.

The PCS-2000 has a huge 1/2-inch
LED display that makes frequency
determination easy. The S/rf meter is
digital, using LEDs instead of the
usual often-troublesome mechanical
movement. There are two selectable
power output levels: 5 watts and 25
watts. Low power is internally adjust-
able from 3 to 7 watts. Frequency de-
viation is +5 kHz maximum, Azden
units limit spurious emissions signifi-
cantly better than required by FCC
regulations.

An external speaker jack is pro-
vided on both the control head and
the main unit. Optional accessories
include external speaker, remote
cable, desk microphone, and tone-
pad microphone kit. Both the desk
microphone and the tone-pad kit pro-
vide the same remote-control func-
tions as the standard microphone.
The Azden PCS-2000 is priced at
$369.00 and carries a 90-day warran-
ty. For additional details, contact
Amateur-Wholesale Electronics, 8817
S.W. 129 Terrace, Miami, Florida
33176.

Heathkit transmitter
and receiver

Heath Company introduces a new
Amateur transmitter kit and matching
receiver kit. The new HX-1681 CW
transmitter combines solid-state
technology with vacuum tube finals
to give a transmitter capable of 100
watts minimum output on 80 through
15 meters, and 75 watts out on 10. It
features full break-in CW operation,
(QSK), built-in VFO, solid-state TR

switching, sidetone output with ad-
justable tone and level, and receiver
muting. Keying is provided for the ad-
dition of an external power amplifier.
The matching solid-state HR-1680
receiver covers 80 through 10 meters
plus the lower 1 MHz of the 10 meter
band. It features a preselector-tuned
dual-conversion front end for .05 uV
sensitivity, as well as solid-state diode
bandswitching, built-in 100 kHz cali-
brator and switchable wide/narrow
active audio circuitry for SSB or CW
operation. The transmitter kit sells for
$239.95 (requires separate power
supply) and the receiver is priced at
$209.95. For more information write
Heath Company, Department 350-
940, Benton Harbor, Michigan 49022.

new MFJ 24-hour
digital clock

The MFJ-101 is a new 24-hour,
solid-state, digital clock. It features
pleasant blue, 0.6-inch digits that are
easy on the eyes, yet bright enough
to see all the way across the room.

The MFJ-101 has an ID timer that
alerts you every nine minutes after
you tap the ID/doze button. This
nine-minute timer gives you a full
minute to identify after the timer
sounds and still be legal.

The alarm feature will remind you
of that important sked, or wake you
in the morning with a pleasant but
persistent chirping sound. The
fast/slow set buttons make setting
time and alarm simple, while the lock
function prevents accidental misset-
ting.

The alarm has an indicator which
lights up when the alarm is on. If
power has been interrupted, the
digits flash on and off until the time is
reset.



The MFJ-101 is UL approved, and
operates on 110 Vac, and can be
switched for 50/60 Hz for operation
in European and Asian countries.

MFJ provides a 30-day, money-
back trial period. If you are not sat-
isfied, you may return it within 30
days for a full refund (less shipping).
MFJ also provides a one-year limited
warranty.

The MFJ-101 is available from MFJ
Enterprises, Inc., for $29.95 plus
$3.00 shipping and handling.

To .order, call toll-free 800-
647-1800, or mail order with check or
money order to MFJ Enterprises,
Inc., P.O. Box 494, Mississippi State,
Mississippi 39762.

mobile antennas

A completely new line of mobile
antennas has been introduced by Sig-
nals Communications Corporation.
The new line covers 30 through 512
MHz. These high-performance, low-
profile antennas feature plated whips,
high-impact bases, and optional
springs. These antennas will fill the
needs of most professional and gov-
ernment applications. The Match-
mate mobile-mount adapter system
permits the mounting of Signals an-
tennas on all popular mounts.

The mobile antennas feature solid
dielectric coils enclosed in high-
impact base covers. This configura-
tion eliminates variation from coil to
coil, thereby ensuring consistent high
quality. The antennas are rated at 200

watts with less than 1.5:1 VSWR, and
50 ohms nominal impedance.

The antenna whips are long enough
to permit cutting to frequency. They
are made of quadraplated 17-7PH
stainless steel. This results in low-
er skin effect losses and greater
radiation.

Contact Signals Communications
Corp., 1 Signals Park, P.O. Box 4833,
Manchester, New Hampshire 03108.

rf speech processors
for Drake

The new Sherwood RF speech
processors provide no-compromise
rf/i-f envelope clipping for high intelli-
gibility and unexcelled talk power. A
specially designed eight-pole i-f crys-
tal filter drives a highly effective ac-
tive hard limiter (clipper). Great care
has been exercised in developing reli-
able, uitra-fast, high-isolation pin-
diode switching of filters and the clip-
per stage. Full eight-pole, low-leak-
age receive and transmit capability is
realized. The processors are rig pow-
ered, and are easy to interconnect
with your equipment. No drilling of
holes is required.

The 4-SP for the 4-Line transmit-
ters (T-4X, T-4XB, and T-4XC) has
separate LSB and USB eight-pole fil-
ters of carefully chosen bandwidth
for proper filtering ahead of its clip-
per. The highly versatile 7-SP for the
TR-7 not only improves your trans-
mitted signal, but offers automatic
transmit/receive switching as well as
the option of selecting the proces-
sor’s special crystal filter for 16-pole,
1.9- kHz receive bandwidth. In addi-
tion, circuitry is provided for installing
one of the normal accessory filters,
such as the SL-500, on the processor
board, allowing room for other filters
in the TR-7 itself.

All units have filter selection and
clipping in/out switches, plus an out-
put control after the clipper (for prop-
er final/PA drive adjustment from
band to band, or for precisely setting
linear-amplifier excitation level). Clip-
ping is adjusted by the rig micro-

phone gain control. Each processor is
housed in an attractive charcoal-
colored cabinet, accented with white
lettering, that blends well with all
Drake equipment. High-quality ma-
chine-screw construction is used (no
sheet-metal screws to strip out), with
top and bottom removable for easy
access to both sides of the PC board.

Model 7-SP for the TR-7 sells for
$265.00; the 4-SP for the 4-Line
transmitters sells for $285.00. Others
will be available later. Money back if
not satisfied. Master Charge and
VISA welcome. Please add $3.00
shipping/handling per order. Over-
seas airmail add $6.00. Write to Sher-
wood Engineering, 1268 South
Ogden Street, Denver, Colorado
80210.

brochure from
J.W. Miller

A new four-page brochure de-
scribing accessory equipment for
Amateur Radio operators is now
available from J.W. Miller, Division
Bell Industries. Included in the bro-
chure are descriptions and technical
details of SWR and power meters, rf
speech processors, precision coaxial
switches, and various interference
filters.

Direct reading SWR, forward
power, and reflected power are pro-
vided by models CN-720 and CN-620
over the 1.8-150 MHz range; model
CN-630 covers 140-450 MHz.

Rf clipping that insures low distor-
tion is provided by models RF-440
and RF-660 speech processors.

Adjacent channel isolation of bet-
ter than 50 dB at 300 MHz and 45 dB
at 450 MHz is provided by two-posi-
tion model CS-201 and four-position
model CS-401 coaxial switches. The
broadline of interference filters in-
cludes high-pass, lowpass, audio,
and ac power line filters.

For additional information, contact
Jerry Hall, Operations Manager,
J.W. Miller Division, Bell Industries,
19070 Reyes Avenue, Compton, Cali-
fornia 90221.
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multifunction

frequency counter

The FC-841 is a seven-digit multi-
function frequency counter that
covers .the 10-Hz to 50-MHz range.
The tilt-view stand, all-steel case, and
the 0.3-inch high LED readout facili-
tate troubleshooting. Supplied with
four AA cells, the counter can also be
plugged into an ac outlet or a car’s
cigarette lighter.

The FC-841 has a selectable gate
time of 100 milliseconds or 1 second
and a sensitivity of 30 mV rms, up to
30 MHz, decreasing to 60 mV rms at
60 MHz. The time base stability of the
counter is 3 parts per million from 20°
to 30°C (68° to 86°F). The instrument
also features a switch for selecting
the kHz or MHz ranges. The FC-841 is
supplied complete with batteries, an-
tenna, and a test lead having alligator
clips on one end and a BNC connector
on the other end.

Price is $90 from Soar Electronics
Corp., 200 13th Avenue, Ronkon-
koma, New York 11779.

Hustler ten-meter Yagi

A new beam, designated 10-MB-4,
is the result of extensive antenna de-
sign refinements by Hustler. The
beam is a four-element Yagi opti-
mized for best directivity, excellent
front-to-back ratio, and maximum
gain through selective element spac-
ing, and precisely resonated element
lengths. The 10-MB-4 has a gamma-
match feed system and is adjustable
fora 1.2:1 or better SWR.

The Hustler 10-MB-4 is designed to
withstand severe weather, yet it's
light enough to be turned by a TV an-
tenna rotator. The entire antenna is
built from high-strength aluminum
tubing and can easily be grounded for
lightning protection.

The new Hustler 10-MB-4 10-
meter beam has a suggested list price
of $109.95 and is available now. For
further information on this or other
Hustler Amateur antennas, write
Hustler Inc., 3275 North B Avenue,
Kissimmee, Florida 32741.

80 [B february 1980

Microcraft Morse-A-
Word code reader

An eight-character Morse-code
reader has been introduced by Micro-
craft, for SWLs, beginners, and vet-
eran Amateur Radio operators. It
accepts audio signals from a commu-
nications receiver's headphone, jack,
or loudspeaker, and displays the de-
coded characters. All text characters
— letters, numerals, punctuation
marks, special Morse-symbols, and
word spaces — are shown sequen-
tially on the display in moving-charac-
ter fashion. Code speeds of 5 to 35
WPM can be copied, depending on
the setting of the front panel control.
The Morse-A-Word also includes a
built-in code-practice oscillator and
monitor speaker for practice ses-
sions. A complete kit is $169.95, and
a wired and tested version is $249.95.
Write to Microcraft, P.O. Box 513,
Thiensville, Wisconsin 53092.

computer logging
package

Snow Micro Systems, Inc., an-
nounces a logging package for Radio
Amateurs. This package, written in
Northstar BASIC, allows Amateurs to
keep their log records on floppy
discs.

The log data-file can be examined,
edited, and printouts and summaries
obtained of sections of the log. The
entries can be listed by prefix such as
G, G3, G3Z, G3ZC, or G3zZCZ. QSL
card information can be automatically
printed out by the computer.

Different logs can be emended,
merged, deleted, renamed, searched,
and summaries listed on any of the
seven output devices supported by
the Northstar system.

The package contains one disc,
which includes sample logs and full
instructions, and is available for
$15.00, postage paid.

For further information, write to
Snow Micro Systems, Inc., P.O. Box
1704, Silver Spring, Maryland; or tel-
ephone (301) 622-1931.

CALL
TOLL
FREE

For the best deal on

®AEA ®#Ameco ®Apple ®ASP
eBelden e®Bencher eBird
@®CDE oCES eCushcraft
®Daiwa eDenTron ®Drake
®Hy-Gain ®lcom eKLM
eKenwood ®Larsen ®MFJ
eMidland ®Mosley ®eNPC
®Newtronics ®Nye ®Palomar
®Regency ®Shure ®Swan
eStandard eTempo @Ten-Tec
eTonna ®Transcom ®Wilson
®Yaesu

NEW for 1980!
Apple Computers..

get Erickson's price!

RTTY interface available
Larsen Mag Mounts...
CLOSEOQOUT! 20 % off on
any Larsen mag mount
antenna in stock!
SUPER SPECIAL...

A few sets of Kenwood
Twins....chile they last 8799!

[\

'
ERICRSON
456 MILWAUKEE

CATLTOLL EREE
(800) 621-5802

visa
{w—| g 30.5:30 Mon_, Tues., Wed & Fri

[ - 9:30-9:00 Thursday
LaJ 9:00-3:00 Saturday

ERICKSON

COMMUNICATIONS. INC
5456 N MILWAUKEE AVE
CHICAGO IL60B30(3121631-5181

More Details? CHECK — OFF Page 94
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\\ A CBstandard
(JQ“‘%QI . Sr.anr::eertser

+ Amateur Bands

0 « General Communication
\pv « Industry

Marine VHF
= Micro processor crystals

Send 10° for our latest catalog. write or

, phone for more details
JAN el
1o
CRYSTALS ) i charge
2400 Crystal Drive
Ft Myers, Florida 33907
l I all phones (813) 936-2397

e

-'-‘3"‘_‘».:'. it .o ‘__"_ _. . st 7
July 26 thru August 8, 1980
Our 21st year of successful teaching

Boost your Ham Skills
on the Blue Ridge
“A Vacation with a Purpose’

Two wecks saturation learning program
in Amateur Radio:
® Novice to General
e Ceneral or Technician to Advanced
® Advanced to Amateur Extra
Expert Instruction starting at vour level.
Code and Theory in depth along with

Friendly  Amateurs, Who Care About

You.

C. L. PETERS, KADNJ, Director

Oak Hill Academy Amateur Radio Session
Mouth of Wilson, Virginia 24363

Mame Call
Address

City/State/Zip

More Details? CHECK — OFF Page 94

VLF Converter

All Palomar Engineers products are
made in U.5.A, Since 1965, manufacturers
of Amateur Radio Equipment 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 signals 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 1'2'"" 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 in U.S. and Canada. Add $3.00
shipping/handling. California residents add sales tax.

Explore the interesting world of VLF. Order your converter today! Send

heck or money order to: ( —)
e &=

Palomar Engineers

Box 455, Escondido, CA. 92025 ¢ Phone: [714] 747-3343
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Arizona

HAM SHACK

4506-A NORTH 16TH STREET
PHOENIX, AZ 85016
602-279-HAMS

Serving all amateurs from beginner
to expert. Classes, sales & service.

KRYDER ELECTRONICS

5520 NORTH 7TH AVENUE
NORTH 7TH AVE. SHOPPING CTR.
PHOENIX, AZ -85013

602-249-3739

Your Complete Amateur Radio Store.

Delaware

DELAWARE AMATEUR SUPPLY
71 MEADOW ROAD

NEW CASTLE, DE 19720
302-328-7728

ICOM, Ten-Tec, Swan, DenTron,
Wilson, Tempo, KDK, and more.
One mile off 1-95, no sales tax.

POWER COMMUNICATIONS
6012 N. 27 AVE.

PHOENIX, ARIZONA 85017
602-242-6030

Arizona’s #1 ‘‘Ham’' Store. Yaesu,
Kenwood, Drake, icom and more.

California

C & A ELECTRONIC ENTERPRISES
22010 S. WILMINGTON AVE.
SUITE 105, P. O. BOX 5232
CARSON, CA 90745

800-421-2258

213-834-5868 - Calif. Res.

Not The Biggest, But The Best —
Since 1962.

JUN'S ELECTRONICS

11656 W. PICO BLVD.

LOS ANGELES, CA 90064
213-477-1824 Trades
714-463-1886 San Diego

The Home of the One Year Warranty
— Parts at Cost — Full Service.

QUEMENT ELECTRONICS
1000 SO. BASCOM AVENUE
SAN JOSE, CA 95128
408-998-5900

Serving the world's Radio
Amateurs since 1933.

SHAVER RADIO, INC.

1378 S. BASCOM AVENUE
SAN JOSE, CA 95128
408-998-1103

Atlas, Kenwood, Yaesu, KDK,
Icom, Tempo, Wilson, Ten-Tec,
VHF Engineering.

TELE-COM

15460 UNION AVE,
SAN JOSE, CA 95124
408-377-4479

Connecticut

THOMAS COMMUNICATIONS
95 KITTS LANE

NEWINGTON, CT 06111
800-243-7765 @ 203-667-0811
Call us toll free.

Florida

AGL ELECTRONICS, INC.
1898 DREW ST.
CLEARWATER, FL 33515
813-461-HAMS

West Coast's only full service
Amateur Radio Store.

AMATEUR RADIO CENTER, INC.
2805 N.E. 2ND AVENUE
MIAMY, FL 33137

305-573-8383

The place for great dependable
names in Ham Radio.

RAY’'S AMATEUR RADIO

1590 US HIGHWAY 19 SO.
CLEARWATER, FL 33516
813-535-1416

Atlas, B&W, Bird, Cushcraft,
DenTron, Drake, Hustler, Hy-Gain,
lcom, K.D.K., Kenwood, MFJ, Rohn,
Swan, Ten-Tec, Wilson.

SUNRISE AMATEUR RADIO
1351 STATE RD. 84

FT. LAUDERDALE, FL 33315
(305) 761-7676

“‘Best Prices in Country.

Try us, we'll prove it.”

Illinois

Ham Radio’s guide to help you find your loca

SPECTRONICS, INC.
1009 GARFIELD STREET
OAK PARK, IL 60304
312-848-6777

One of America’s Largest
Amateur & SWL Stores.

Indiana

KRYDER ELECTRONICS
GEORGETOWN NORTH

SHOPPING CENTER

2810 MAPLECREST RD.

FORT WAYNE, IN 46815
219-484-4946

Your Complete Amateur Radio Store.
10-9 T, TH, F; 10-5 W, SAT.

lowa

BOB SMITH ELECTRONICS
RFD #3, HIGHWAY 169 & 7
FORT DODGE, IA 50501
515-576-3886
800-247-2476/1793

lowa: 800-362-2371

For an EZ deal.

Kansas

ASSOCIATED RADIO

8012 CONSER, P. 0. BOX 4327
OVERLAND PARK, KS 66204
913-381-5901

America’s No. 1 Real Amateur
Radio Store. Trade - Sell - Buy.

Maryland

THE COMM CENTER, INC.
9624 FT. MEADE ROAD
LAUREL PLAZA, RT. 198
LAUREL, MD 20810
800-638-4486

Kenwood, R. L. Drake, Ten-Tec,
Icom, Swan, DenTron & Apple
Computers.

AUREUS ELECTRONICS, iNC.
1415 N. EAGLE STREET
NAPERVILLE, IL 60540
312-420-8629

‘‘Amateur Excellence”’

Massachusetts

ERICKSON COMMUNICATIONS, INC.

5456 N. MILWAUKEE AVE.
CHICAGO, IL 60630

Chicago - 312-631-5181

Outside lilinois - 800-621-5802
Hours: 9:30-5:30 Mon, Tu, Wed &

Fri.; 9:30-9:00 Thurs; 9:00-3:00 Sat.

TEL-COM, INC.

675 GREAT RD. RT. 119
LITTLETON, MA 01460
617-486-3040

The Ham Store of New England
you can rely on.

TUFTS RADIO ELECTRONICS
206 MYSTIC AVENUE
MEDFORD, MA 02155
617-395-8280

New England’s friendliest
ham store.

. YOUSHOULD BE HERE TOO!
-D ea-l €IS. Contact Ham Radio now for complete details.
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mateur Radio Dealer

Michigan

RSE HAM SHACK

1207 W. 14 MILE
CLAWSON, MI 48017
313-435-5660

Complete Amateur Supplies.

RADIOS UNLIMITED

P. O. BOX 347

1760 EASTON AVENUE
SOMERSET, NJ 08873
201-469-4599

New Jersey's Fastest Growing
Amateur Radio Center.

Okfahoma

Minnesota

PAL ELECTRONICS -INC.

3452 FREMONT AVE. NO.
MINNEAPOLIS, MN 55412
612-521-4662

Midwest’s Fastest Growing Ham
Store, Where Service Counts.

ROUTE ELECTRONICS 46

225 ROUTE 46 WEST
TOTOWA, NJ 07512
201-256-8555

Drake, Swan, DenTron, Hy-Gain,
Cushcraft, Hustler, Larsen, Etc.

Missouri

HAM RADIO CENTER, INC.
8340-42 OLIVE BLVD.

ST. LOUIS, MO 63132
800-325-3636

For Best Price and Fast Delivery
Call toll free 1-800-325-3636

WITTIE ELECTRONICS

384 LAKEVIEW AVENUE
CLIFTON, NJ 07011

(201) 772-2222

Same location for 62 years.

Full line authorized Drake dealer.

New York

Nebraska

COMMUNICATIONS CENTER, INC.
443 NORTH 48TH ST.

LINCOLN, NE 68504
800-228-4097

Lowest Prices in the USA

on Ham Equipment.

New Hampshire

HAM-BONE RADIO

3206 ERIE BLVD. EAST
SYRACUSE, NY 13214
315-446-2266

We deal, we trade, all major brands!
2-way service shop on premises!

HARRISON RADIO CORP.
20 SMITH STREET
FARMINGDALE, NY 11735
516-293-7990

“Ham Headquarters USA"
since 1925.

Call toll free 800-645-9187.

EVANS -RADIO, INC.

BOX 893, RT. 3A BOW JUNCTION
CONCORD, -‘NH 03301
603-224-9961

lcom, DenTron & Yaesu dealer.

We service what we sell,

New Jersey

ATKINSON & SMITH, INC.
17 LEWIS ST.
EATONTOWN, NJ 07724
201-542-2447

Ham supplies since ‘55",

BARGAIN BROTHERS ELECTRONICS
216 SCOTCH ROAD

GLEN ROC SHOPPING CTR.
WEST TRENTON, NJ 06828
609-883-2050

A million parts - lowest prices
anywhere. Call us!

METUCHEN RADIO

216 MAIN STREET
METUCHEN, NJ 08840
201-494-8350

New and Used Ham Equipment
WAZAET “T" Bruno

RADIO WORLD
ONEIDA COUNTY AIRPORT
TERMINAL BLDG.
ORISKANY, NY 13424
Toll Free 800-448-7914
NY 315-337-2622
Res. { 315-337-0203
New & Used Ham Equipment.

See Warren K21XN or Bob WA2MSH.

KRYDER ELECTRONICS

5826 N.W. 50TH

MacARTHUR SQ. SHOPPING CTR.
OKLAHOMA CITY, OK 73122
405-789-1951

Your Complete Amateur Radio Store

Pennsylvania

ELECTRONIC EXCHANGE

136 N. MAIN STREET
SOUDERTON, PA 18964
215-723-1200

Demonstrations, Sales, Service
New/Used Amateur Radio Equip.

HAMTRONICS, DIV. OF
TREVOSE .ELECTRONICS
4033 BROWNSVILLE ROAD
TREVOSE, PA 19047
215-357-1400

Same Location for 30 Years.
Call Toll Free 800-523-8998.

LaRUE ELECTRONICS

1112 GRANDVIEW STREET
SCRANTON, PENNSYLVANIA 18509
717-343-2124

ICOM, Bird, Cushcraft, CDE,
Ham-Keys, VHF Engineering,
Antenna Specialists.

SPECIALTY COMMUNICATIONS
2523 PEACH STREET

ERIE, PA 16502
814-455-7674

Authorized Atlas Radio

East Coast Service Center.

South Dakota

Ohio

AMATEUR RADIO

SALES & SERVICE INC.
2187 E. LIVINGSTON AVE.
COLUMBUS, OH 43209
614-236-1625
Antennas and Towers for
All Services.

UNIVERSAL AMATEUR RADIO, INC.

1280 AIDA DRIVE

COLUMBUS (REYNOLDSBURG)
OH 43068 .

614-866-4267

Complete Amateur Radio Sales and

Service. All major brands - spacious

store near 1-270.

BURGHARDT

AMATEUR RADIO CENTER, INC.
P. 0. BOX 73
WATERTOWN, SD 57201
605-886-7314
“America’s Most Reliable
Amateur Radio Dealer'.

Texas

HARDIN ELECTRONICS
5635 E. ROSEDALE

FT. WORTH, TX 76112
817-461-9761

Your Fuil Line Authorized
Yaesu Dealer.
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SCANNERS

NOW, INTRODUCING SCANNERS
FOR THE KENWOOD TR7600 AND TR7625,
KDK 2015R, KDK 2016A; MIDLAND 13-510, 13-513;
CLEGG FM-28; YAESU FT227R; ICOM IC22S;
KENWOOD TR7400A.

AED continues to sxpand its line of quality scanners. Each of the above scanners are
custom designed lor their respective rigs

All scanners install completely inside rig. No oblrusive external connections

All are easy to assemble and come complete with detailed instruction manual

Scanned Irequency displayed on digital readout (except IC225)

In the scanner OFF mode the rig operates normally. | scanner ON made the scanner
locks on an occupied Irequency, pauses lor a preset time (about 5 secs.) and then
resumes scanning

This gives you the ability to eavesdrop all over the band without litting a finger. When you
hear something interesting, you flip the switch to the LOCK mode and the rig Is ready lo

ANTENNAS

THE RADIO AMATEUR ANTENNA

HANDBOOK by William 1. Orr, W6SAl and
Stuart Cowan, W2LX

If you are pondering what new antennas 1o put up, we

recommend you read this very popular book. It con

tains lots of well illustrated construction projects for
vertical, long wire, and HF/VHF beam antennas. But,
you'll also get information not usually found in anten
na books. There is an honest judgment of antenna gain
figures, information on the best and worst antenna
locations and heights, a long look at the quad vs. the
yagi antenna, information on baluns and how to use
them, and some new information on the increasingly
popular Sloper and Delta Loop antennas. The text is
based on proven data plus practical, on-the-air experi-
ence. We don’t expect you'll agree with everything Orr
and Cowan have to say, but we are convinced that The
Radio Amateur Antenna Handbook will make a valu-
able and often consulted addition to any Ham's library.

transmit 190 pages. ©11978
—————— RP-AH Softbound $6.95

SIMPLE LOW-COST WIRE ANTENNAS
Learn how to build simple, economical wire antennas.
Even if you don't know a feedline from a feed-through,
W6SATL will get you on the air with an effective low-cosi
wire antenna. And, apartment dwellers take note! Fool
your landlord and your neighbors with some of the “'in
visible'* antennas found here. For the old-timer as well
as the beginner, it's a clearly written, well diagramed,
and even humorous antenna book. 192 pages. ©/1972.
RP-WA Softbound $5.95
Two exciting antenna books from Ham Radio's Bookstore.
Call or write today.

PRICE

perkir $39.95 PREASSEMBLED $59.95

ADD $1.50 FOR POSTAGE & HANDLING.

==mm AED ELECTRONICS a4
750 LUCERNE RD., SUITE 120 ]
MONTREAL, QUEBEC, CANADA H3R 2H6 4
TEL. 514-737-7293

Please add $1.00 to cover shipping and handling.

HAM RADIO’S BOOKSTORE

GREENVILLE, N. H. 03048
CALL TOLL FREE 1 (800) 258-5353

80 & 84-METER
TRANSCEIVERS

MOVING?

KEEP HAM RADIO COMING...

If possible let us know four o six weeks
before you move and we will make sure
your HAM RADIO Magazine arrives on

TOUCH-TONE® MICROPHONE
DATA CODER 5

ONLY schedule. Just remove the mailing label
$79.95 from this magazine and affix below
EACH Then complete your new address (or any
other corrections) in the space provided
PPD USA LESSBATTERIES and we'll take care of the rest
ham

* 84-meter transceiver which covers 3500 to rad’o 2!?::;112:98% tor

3600 kHz is for the old timer Magazine

* NOVICES should order the BO-meter unit
which covers 3685 to 3755 kHz

= CW operation with VFO control

» Qutput power approximately vz watt r -\

* Expect up to 1000 mile range when used with \ e
a hall-wave dipole

* Adjustable RF output impedance

* Low distortion sidetone oscillator

Greenville, NH 03048

Thanks for helping us to serve you better.
r — —

$2Q00 e | I
39 doubles as a code practice oscillator % | r% |
JUST LOOK AT THESE FEATURES: « Direct conversion receiver O |
* RF amplitier and sharp audio filter e
* Tough "“Mobile Environment” « Receiver independent tuning | I
. g‘ég:ﬁfg?{::ilon Tactile Keys = Long life operation from 9 sell.contained 1.5 g - o
g . 3] —
* High-Impedance Ceramic or 500-ohm .g?;;?.ra?;::cspﬁz:‘sb 8" deep ® O | © l AFFIX
Dynamic Cartridge sindiicen T ¥ linel J d " w l
« Adjustable Tone Balance and Output nelfudiionnge nolee = [ LABEL
Level
. 'F"L;SII'NE Hold - Easy Lift" Hanger Accessories required but notl included, are 8- CIJ I
* For Vehicle or Hand-held Portable ohm stereo phones, telegraph key, a good an- c I
Use tenna such as a half-wave dipole, and a dc voll- >, | | H E HE
* Complete... NotaKil.. $39.00 meter
uth-Tone is a 1 { trade name of AT&T MANUAL AVAILABLE SEP. $2.00 = I
SEND S.A.S.E. FOR SPEC SHEET I
A1, RESIDENTS ADD 6% SALES TAX w |
DATA SIGNAL, INC [} a I
f F
e o
2403 COMMERCE LANE TEDCO o 2.
9 Canonicus Avenue L2
ALBANY. GEORGIA 31707 Sl sl it I 223 ) =
Tel. 912-883-4703 ) PO 2840 | I\
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flea
market
!

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 Flea Market
ad (subject to our editing). Repeat inser-
tions of hamfest ads pay the non-
commerciat 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.

ICOM 701 INTERNATIONAL USER’S CLUB. Details
s.a.s.e. Pohorence, 9600 Kickapoo Pass, Streetsboro,
Ohio 44240.

BIRD 4111 WATTMETER $75, Seria 164 $125, Motorola
1034 Signal Generator $350, Hickock Tube Tester $35,
Lampkin 205A $60, Model 80 $225. Gertsch FM-3 $100,
K8KZT, 2255 Alexander, Los Osos, CA 93402.

KDK 2015R OWNERS. Use memory for any oddball
splits. Shows Transmit/Receive frequencies. Simple, 15
minutes. No holes drilled, no boards lifted. SASE.
Details free. WA2HQD. 105-18 131. Richmond Hill, NY
11419. (212) 641-2559.

MECHANICAL FILTER F455N20 or equivalent for R-390A
needed; also 2K25 klystron mount, waveguide. WA4VZQ,
120 Brookwood Drive, Seneca, SC 29678.

VERY in-ter-est-ing! Next 3 issues $1. “The Ham Trader",
Wheaton, IL 60187.

COLLINS 5181-F .2-30 MHz {round #7390) with matching
55G1 VLF/Speaker. Complete that S-Line with this mint
receiver. $1200.00. Bob, WABERB, 45t-1 Via Casitas,
Greenbrae, CA 94904. (415) 461-3209.

Foreign Subscription Agents
for Ham Radio Magazine
Ham Hldlo Austria Ham Radlo Holland
F. Bas! MRL Ectronics
Hayj Postbus 88
f Wlener Neustadi NL-2204 Delft
Aus(rll Holland
Ham Radio Beigium
Sterechouse Ham Radio taly
Brusuluslnnww 408 G. Vulpetti
8-9218 Gen! P.O. Box 37
Belgium 'I-Z;NGJ Canty
tal
Ham Radlo Canada v
Box 400, Goderich
Ontario, Canada N7A4C7  Ham Radio Switzerland
Karin Usber
Ham Radio Europe Postfach 2454
X ‘ D-7850 Loerrach
S5-194 04 Upplands Vasby
Swaden West Germany
Ham Radio France
SM Electronic ;“om R:“'S%UHK."OW
2obis Ayedes Clarlons  yjiddlesex HASBHS
France England
Ham Radio Germany
Karin Usber Holland Radio
Posttach 2454 143 Greenway
0-7850 Loerrach Greenaside, Johumoaburq
West Germany Republic of South Atrica

More Details? CHECK —OFF Page 94

AMATEUR WHOLESALE ELECTRONICS is looking for
a Chief Electronics Engineer or Technician, full
benefits, excellent opportunity for advancement.
Please submit resume and salary requirements to:
Peter Smith, AW.E., 8817 S.W. 129 Terr., Miami,
Florida 33176 or phone (305) 233-3631.

COLLINS — KWS-1 #376 $450 with spare P.A. tubes;
75A-4 #4986 $425; WBGNS, (513) 232-5574.

BUY-SELL-TRADE. Send $1.00 for catalog. Give name
address and call letters. Complete stock of major brands
new and reconditioned amateur radio equipment. Call
for best deals. We buy Collins, Drake, Swan, etc.
Associated Radio, 8012 Conser, Overland Park, KS
66204. (913) 381-5900.

FOR SALE: Mosley Tri-Band Ta 36 and Mosley Dipole TD
2 Antennas, Rohn Tower 55 ft. (tilts) Ham-M Rotator.
1-814-362-3365.

QSLs — $2.70 per hundred (minimum order, 1000} and
up. 32 two-color designs. Send 30¢/stamps for catalog.
Satisfaction guaranteed or money back. Since 1934,
VPS5QED Press, Box 1523, Boca Raton, FL 33432.

KENWOOD INTERNATIONAL USER'S CLUB is now
operational. SASE for detalls. NBRT, Pohorence, 9600
Kickapoo Pass, Streetsboro, OH 44240.

RTTY CLOSEOUT — Complete kits only. NS-1A demodu-
lator $15.00. NS-BP bandpass filter $9.00. Postpaid.
SASE for info. Nat Stinnette Electronics, Tavares, FL
32778.

TEFLON CIRCUIT BOARD, double sided 1 oz. Approx-
imately 3.5” x 5" .01 $5.00 ea., .032 $6.00 ea. Feed thru
capacitors $.50 ea., hot carriers diodes suitable for 2
GHz $1.50 ea., 4.5 GHz ft transistors $3.00 ea. Will supply
MRF 901 while supply lasts. Chip-capacitors 10, 47, and
100 PF $.50 ea. Postage paid. Master Charge, VISA, or
check. S&S Enterprises, 4335 East 5 Ave. Anchorage,
Alaska 99504. (907) 333-7367.

RECONDITIONED TEST EQUIPMENT for sale. Catalog
$.50. Walter, 2697 Nickel, San Pablo, CA 94806.

STAR-TRONICS monthly picture flyer is full of parts and
pieces for the builder. U.S. only. Star-Tronics, Box 683,
McMinnvilie, OR97128.

TEST GEAR: Eico R-C Bridge $25, grid dip $10, 3” scope
$40, Heath stereo MPX generator $50, Central Elec-
tronics monitor scope $40, B&W dummy/wattmeter $35,
Ten-Tec KR-40 $45. N3Al, 617 Mtn. Top Rd., McAdoo, PA
18237.

TRS-80 INTERFACING, Active Filters, 8080/8085 Pro-
gramming, Digital Electronics, and many exciting new
tittes in the self-study Blacksburg Series. Free info.
Group Technology, Box 87K, Check, VA 24072,

RTTY — 28 ASR, $325. KSR $165. You pickup. Other
RTTY gear available. Call or Write, Ed, WINPL, 136
Woodlawn St., Chicopee Falls, MA 01020.

ONLY MY FRIEND'S recent physical disability makes
this top-grade equipment available; purchased new, still
in as-new condition, complete with manuals/cables. Bill
had titerally a store full of items, $10 to $100 range; too
costly to advertise the list, so telt me what you need. |
want to move them now. Anyone having a difficult time
learning code and operating CW? These like-new visual
decoders and electronic typewriter keyboard: Pickering
230-D Morse Decoder, $1500; Pickering KB-1 Electronic
Keyboard keyer, $140; Atronics CR-101 Code Reader,
$65; manuals/instructions. Collins: 5151F, $2050; 55G1,
$325; 30L1, $995; 32S3A/516F2, $1775; 312B4, $425; all
Round Emblem, immaculate wimanuals. Two Hy-Gain
HT-18, 10-80 meter vertical antennas, $195 each (phasing
harness available); Two Murch Ultimate Transmatch UT-
2000A, $125 each; DenTron 3000A antenna tuner, $230;
KLM Multi-2700 144 MHz transceiver, $575; KLM PA 10-
140BL linear amplifier, $175; Vista 120v.a.c./13.8v.d.c.
power supply for above, $136; excellent condition
wi/manuals. Ralph E. Thomas, W2UK, 9 Emmons Avenue,
Farmingdale, N.J. 07727; telephone (201) 938-5623.

CHAIN BURGLAR ALARMS has loud piercing Alarm —
$15.00 ea. Post-paid. “M” Grant, Rt. 3, Box 183, Salem,
Virginia 24153.

QSL CARDS 500/$10. 400 illustrations, sample. Bowman
Printing, Dept. HR, 743 Harvard, St. Louis, MO 63130.

ANTENNA FARM on six acres redwood forest, Santa
Cruz mountains, 45 minutes to San Jose, CA. Quiet DX
location, three-phase power, 125-ft Blaw Knox self-
supporting tower with 40M and 20M rotary beams.
Crank-up with TH6DXX. Many 150-ft redwoods for wires.
1925 square feet in house and garage, 960 in nearby
shop and ham shack, all seven years old. Private well,
10,000 gallon storage. z-mile paved private road. Top
three acres fenced. Good DX location all directions, 7°
horizon to SW. $300,000 by owner, WEMUR, terms. Write
callbook QTH or call (408) 336-8800.

HIGH
VOLTAGE

SUPPLY
L =
COAX RELAY
12 vDC SPDT
450 MHZ+ 100 WATTS 15KVDC @ 30 WATTS

2 MALE RCA PLUG TO
S0239.PLUS SPST 20A
CONTACT. $6.95

INPUT 11S5AC 60HZ
$9.95

POWER SUPPLY MODULE
RATED AT 12V @ 2.5A. CAN
B MODIFIED BY CHANGING
THE ZENER.

PARTSs4-3A DIODES,1-2.5A

FUSE, 1-2200MF 2 35V CAP,

1-12v ZENER,1-PASS TRANS .

WITH HEAT SINK. $4.95
M

ANTENNAS

: B0

BNC STRAIGHT

ARS PTS

v

ANS PT90 8NC 90°

Premmm———x n a—
ANS PTBAY BNC ADJ. ELBUW

ELBOW

ALL ANTENNAS ARE FOR TwO METERS

$7.95
MPF-131

N-CHANNEL DUAL GATE

MDS FI1ELD-EFFECT TRANS
ISTOR USED IN VHF Amp-
LIFER ¢ MIXER. GOOD FOR
RF AMP. AT 60 & 200MMZ
MAS DIODE PROTECTED

GATES. COMES WITH DATA
SHEEY. UNITS ARE HOUSE

Touch-Tone HOuSll\g

BLACK only....$3.50

5\I. DIP RELAY
SP ST

S FOR $1.00

| MIE295S

CDNNEC‘I’MS 2N5589

BNC M/UHF-T° CASE MT-72
UG-255U $3.00 $2.95

BNC F/UHF-M

UG-2730 $2.50 -~ 2N5590 IT
. CASE TO-
s BNC F/BNC-F "ss.“;;,‘”
M= UG-914U $2.00 )
| ]
UHF F/UHF-F LED £
PL-258 $1.50 <o
i -JUMBOS
N' F/BNC-M * 1¢ FOR $1.00
- G-349U $3.75 100 FOR $7.95

100 CFM
11SVAC 60MZ
4.5"%x1.5"
USED $6.95

‘N* M/UHF-F FANS
% UG-146U $4.75

'N' F/UHF-M
EUG—BJBU $4.75

RGS8 Adapter
uG-17% .25

BNC M- CABLE
uG-88 31.35

BNC F-PANEL
UG-1074%1.00

JG-2168 $2.95

N F PANEL SUPPLY KIT

UG-58  $2.25
i PS1  5-12VDC @ SOOMA
i,

AN PS2 12-28VDC @ 250MA
Q.Jn m ALL PARTS INCLUDED

$6.95
50-239 65¢
PL-259 65¢

VARIABLE POWER

COMPUTER GRADE

CAPACITORS.
LUATRN, o S, 10,000UF @ 50V $2.9
23,200UF 3 50V 3.5
; 28,500UF 3 30v 3.0
25‘ 39,000UF @ A5V 3.5
00,000UF @ 10V 1.0
j———————

Marlin P Jones & As
P0.Box 12685
Lake Park, FL 3340
(308) '848-8236

*Fla. residents add 4% sales tax.

*MC & VISA accepted, please include expir-
ation date and signature as on card.

*Add $1.00 for order under $10.00.

*Canada & Poreign orders please add suffi-
cent postage.

**USA orders please add 5% postage.
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REMOTE CONTROLLED

ANTENNA SWITCHING LETS

YOUR FEEDLINE WORK HARDER . . .
five times as hard, in fact.
Antenna Mart's Model 50 remote controlled coax
switch allows instant switch selection of up
to five antennas with a single feedline
and a control cable between
the operating position and
the remote switch location. . .

control unit
with indicator lights

MODEL 50
Remote Antenna Switch
s1502°2 +$3 shipping

... AND CLEANS UP YOUR ACT IN THE SHACK!

Eliminates the tangle of feedlines and manual
switches usually associated with multiple antennas.
With 3kW power rating, high-speed low-loss
operation, rugged weather-proof construction
and LED indication of antenna in

use, it adds up to THE solution

to your antenna switching problems.

Order factory-direct or write

for complete information on
our line of available models.

==

ANTENNA MART 515-292-7114

remote switch

—=1

box 1010, i.s.u. station, ames, iowa 50010

IRON POWDER and FERRITEPRODUCTS
AMIDON.
Jg\mmﬂ}z

Fast, Reliable Service Since 1963

Small Orders Welcome Free ‘Tech-Data‘ Fiyer

Toroidal Cores, Shielding Beads, Shielded Coil Forms
Ferrite Rods, Pot Cores, Baluns, Etc.

12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607

RF Speech Processors for Drake TR-7, TR-4s, T4Xs
NEW! RF CLIPPERS

Special B-pole IF crystal filtering, followed by highly-
effective active hard limiting: the key to intelligibility and
talkpower. TR-7 processor provides room for an additional
accessory filter. All solid-state pin-diode switching. TR-7,
TR-4 units feature selectable 16-pole receive. Model 7-SP
for TR-7: $265.00. Model 4.SP for T-4X: $285.00.
TR-4 unit available at a later date.

Mike Equalizer Pre-Processor Engine Inc.

1268 South Ogden St.
Denver, Colo. 80210
(303) 722-2257

Money back if not satisfied u
Add 53 per order shipping,
——
WISA
R

Companion to above units, but good between any mike
and rig. Can reduce distortion, improve crispness, intel-
ligibility. Easily-adjustable single control tailors both high
and low frequencies to optimize response of any micro-
phone. Contains infout, gain, equalization controls.
Model SE-1: $65.00.

$6 overseas alr

Dealer Inguines Welcome

MOTOROLA ALL SOLID STATE MOTRAN RADIOS.
Model X43LSN-2170, four frequency, transmit 150 MC
(30W), receive 450 MC. Will operate In Ham Bands. No
modification required. Large stock available, $150.00
each. Omni Communications. Call (312) 852-0738

G.L.B. 400B CHANNELIZER factory bullt with manual,
converted Motorola U43GGT 2 Mtr Transceiver used with
Channelizer. Will sell separately. R. W. Steffel, 2203
Lakeland Dr., Johnson City, Tenn. 37601,

FERRIC CHLORIDE in double wrapped one pound
packages. Dry — just add water. Makes close to one gal-
lon. Satistaction guaranteed. $2.50 per pound. Please in-
clude funds for shipping. Lou Carbaugh, WA3OJF, P. O
Box 398, New Cumberland, Pa. 17070

HAM RADIO REPAIR, alignmant. Prompt, experi,
reasonable. “Grid" Gridley, W4GJO, Roule 2, Box 1388,
Rising Fawn, GA 30738,

COMPLETE SET OF 73's, every Issue ever printed. Ex-
cellent condition. Will sell or trade; make offer. KBYAH,
Ron Vanke, 2700 Patrick Ave., Columbus, OH 43229,

RTTY AFSK Modulator PC board. See Feb. 79 Ham
Radio. Drilled $5.00 F. E. Hinkle, 12412 Mossy Bark,
Austin, TX 78750,

SELL: RTTY DT-600, AK-1 CW ID"er, timer, loop and low
voltage supplies professionally built in nice cabinet
$150, solid state RTTY keyboard and video display 16x64
$200. Will consider trade for 10 MHz scope. N3Al, 817
Mtn. Top Rd., McAdoo, PA 18237

THE MEASUREMENT SHOP has used/reconditioned
test equipment at sensible prices; catalog. 2 West 22nd
St., Baltimore, MD 21218

SALE — Tubes 211's, 311's — $3.00 ea., RG-62 Co-ax
100'/$7; Panduit cable ties SST/IM-M20 0-% " 1000 '/$8,
Delco AM-FM's, GM's '70-'77. Svirmikas, 6601 5. Whip-
ple, Chicago, IL 60629

MANUALS for most ham gear 1937/1970. Send 25¢ for
“Manual Catalog.” HI, Inc., Box HBB4, Council Blulls,
lowa 51502

WANTED AFSAV-133D & AN/FRA-86 Demods TD-6887
Demux, AFSAV-129A Selector & AFSAV-39C Rekeyer. C.
T. Huth, 146 Schonhardt, Titfin, OH 44883

PORTA PAK — Make your FM mobile a sell-contained
portable. Models in stock for most popular makes. 4.5
amp hr model $80.00. 9 amp hr $103.00. Charger includ-
ed, shipping extra. P.O. Box 67, Somers, WI 53171

RTTY FOR SALE: 2BASR table-lop compact (1); 28KSR
single-speed (2), w/gearshift (1); M28 ROTR single-speed
(2), wigearshift (3); M28 LXD stand-alone TD (10); 28KSR
compac! wigearshift (1), 28R0 wigearshift (2); 34ASR (1),
M28 keyboard typing reper! single-speed (2); M28 triple
LXD (2); M2B-under-dome typing reperf single-speed (1),
wigearshift (2); friction-feed mod kits NEW (3}, 2-shaft re-
perf for 2BASR (2); 60-75100 wpm gearshifts for 28BKSR,
RO NEW (5); M28 motorized paper winders (10); sell-con-
tained answerbacks (3), 35KSR (1); 35ASR (1), 33ASR
TWX (1); gears and parts available for all machines. Send
SASE for full list and prices. Lawrence R. Plieger.
KOWJB, 2600 S. 14th Street, St. Cldud, MN 56301

SATELLITE TELEVISION — movies, sports, etc. Bulld or
buy your own earth station. Send $3.00 for Information,
Satellite Television, Box 140, RD #3, Oxford, NY 13830.

MOBILE HF ANTENNA 3.2-30 MHz inclusive, 750 watts
PEP, center loaded, tuned from the base, eliminating
coil changing or removing from mount. Less than 1.5to 1
VSWR thru entire coverage. $129.95 ea. plus shipping
Contact your local dealer, il none in your area order
direct. Anteck, Inc., Route One, Hansen, |daho B3334
(208) 423-4100. Master Chg., and VISA accepted. Dealer
and factory rep. inquiries invited

ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS!
Parts, equipment, stereo, industrial, educational. Amaz-
ing values! Fascinating items unavailable in stores or
catalogs anywhere. Unusual FREE catalog. ETCO-012,
Box 762, Plattsburgh, NY 12901, SURPLUS WANTED!

MOBILE IGNITION SHIELDING provides more range
with no noise. Available most engines. Many other sup-
pression accessories. Literature, Estes Enginearing, 930
Marine Dr_, Port Angeles, WA 98362

FOR SALE: Johnson 4740 SSBIAM transceiver converted
to 10 meters, $200. S. R Wimmer, WBOGGT, 1430 N
58th, Lincoln, Nebr. B8505,

FREQUENCY SYNTHESIZERS — How they work, how to
design your own, plus more. Sell-study book, Design of
Phase Locked Loop Circuits, with Experiments, 254
pages. A Blacksburg Serles book. $9.95 postpaid. Group
Technology, Box B7K, Check, VA 24072



HAM RADIO MAGAZINE. Complete file $125 WI1PQ,
(203) 438-3228

DX, YOU BET! THE DX BULLETIN — Best weekly DX info
in the world. For FREE sample copy, send business-size
SASE to: The DX Bulletin, 306 Vernon Avenue, Vernon,
Connecticut 06066

NORTH AMERICAN DX REPORT — free sample —
SASE to Suites R2-R3, 615 5. Frederick Ave.,
Gaithersburg, MD 20760 — Phone (301) B40-1987

CW FILTERS: Active audio B-pole, install in any radio, se-
lectable bandwidth, $15-$32. SASE info WBCBR, BOW
Mennonite, Aurora, OH 44202

STOP LOOKING for a good deal on amateur radio equip-
ment — you've lound it here — at your amateur radio
headquarters in the heart of the Midwest. Now more
than ever where you buy Is as important as what you buy.
We are factory-authorized dealers for Kenwood, Drake,
Yaesu, Collins, Wilson, Ten-Tec, Atlas, ICOM, DenTron,
MFJ, Tempo, Regency, Hy-Gain, Mosley, Alpha,
CushCraft, Swan and many more. Write or call us today
for our low quote and try our personal and friendly
Hoosler Service. HOOSIER ELECTRONICS, P.O. Box
2001, Terre Haute, Indiana 47802. (812) 238-1456

Coming Events

MICHIGAN: Traverse City Swap ‘'n Shop, Saturday,
February 9, 10 AM - 4 PM. Talk-in on 25/85 or 52. For more
detalls contact: Jim Fenton, WBLVZ, 11476 Cedar Run
Ad., Traverse City, Ml 49684, Phone: (616) 275-7597. Good
Door Prizes!

MISSOURI: The Missouri Valley Amateur Radio Club,
Inc. proudly announces its second annual Pony Express
Days from the original stables in Si. Joseph, April 5 and
6. Operating time 1000 CST to 1900 CST both days. Any
one making contact with the club station will receive the
Pony Express Award. Send legal-size SASE along with
personal QSL card to: Missourl Valley ARC, 401 North
12th Street, Si. Joseph, MO 64501, Certificate will be
stamped with original seal of the Pony Express. Operat
ing frequencies will be 28.575 and 10 kc's from the bot
tom of the General phone band on the other bands — 15
through 75. CW bands will be 28.150, 21.150 and 7.125
Listen for WONH from the home of the Pony Express

VERO BEACH, FLORIDA HAMFEST — The Treasure
Coast Hamfest will be held on March 15 & 16, 1980 at the
Vero Beach Community Center. Admission is $3 per
family in advance, $3.50 at the door. Talk in on 14613073 -
146.04/64 - 222 34/223.94, For information write P.O. Box
3088, Vero Beach, Fla. 32960

MARYLAND: Calvert Hall and the Baltimore Amateur
Radio Club's all new 1880 Greater Baltimore Hamboree
and Computerfest, Sunday, March 30. New location: The
Maryland State Fairgrounds at Timonium located just ol
1-83, 2 miles north of 1-695 north of Baltimore. Plenty of
space lor dealers, displays, tables, commercial exhibits
and lectures for both Amateur Radio and personal com-
puter enthusiasts. Acres and acres of space for tallgate
sales. Door prizes throughout the day with hundreds of
dollars in cash prizes given away at the grand drawing
Admission: $3.00. Tables $5.00. Special events, lectures,
and demonstrations. Refreshments available. Talk in on
the BARC repeaters, 146.07/67 and 146.34/94. For addi
tional information, tickets and space reservatiosn con-
tact: Joseph A. Lochte, Jr., 2136 Pine Valley Drive,
Timonium, MD 21093, For a recorded message dial: (301)
HAM-TALK

GROTH-Type

COUNTS & DISPLAYS
YOUR TURNS -

@ 99.99 Turns ==
e One Hole

Panel Mount
e Handy Logging Area
® Spinner Handle Available
Case: 2x4"'; shaft %""x3"

TC2 $10.00 Model TC2: Skirt 2””8';1
TC3 $11.00 Knob 1-5/8
S M 'dl Model TC3: Skirt 3";
fé;ner asl':‘sg Knob 2-3/8"

g R. H. BAUMAN SALES

P.0. Box 122, Itasca, Ill. 60143

ASTRON POWER SUPPLIES

e HEAVY DUTY @ HIGH QUALITY ® RUGGED e RELIABLE ®

SPECIAL FEATURES

e SOLID STATE ELECTRONICALLY REGULATED

e FOLD-BACK CURRENT LIMITING Protects Power Supply from
excessive current & continuous shorted output

« CAROWBAR OVER VOLTAGE PROTECTION on Models RS-7A

RS-12A, RS-20A, RS-35A, RS-20M & RS-35M

MAINTAIN REGULATION & LOW RIPPLE at low line input Voltage

HEAVY DUTY HEAT SINK = CHASSIS MOUNT FUSE

THREE CONDUCTOR POWER CORD

ONE YEAR WARRANTY » MADE INUS A

VOLT & AMP METER ON MODELS RS-20M & RS-35M

PERFORMANCE SPECIFICATIONS

* |NPUT VOLTAGE 105 - 125 VAC

« QUTPUT VOLTAGE 13 8 VDC +0.05 volts
(Internally Adjustable 11-15 VDC) 5% (H) = 97 (W) « 1057 (D)

* RIPPLE Less than 5mv peak to peak (full load & low ling) Shipping Weight 20 Ibs

« REGULATION + 05 volts no load to full load & low hne to high line  Price ............. $§11295

ASTRON 20 AMP REGULATED
POWER SUPPLY Model RS-20M

16 Amps continuous
20 Amps ICS*

Other popular POWER SUPPLIES also available: (Same features and speciications as above) — ey

Continuous |  ICS*® | Size (in.) Shipping
Mode! | Duty [amps] | [amps] H-W=D WL (Ibs.) | Price
RS-35M 2 B | Ssxnixll 2 | $1569
RS-35A 2 3 51111 29 $138.95
AS20A | 16 20 59 % 104 20 0495 |
AS-TA 5 7 | anxbnx9 B | 54995
AS-4A t__a— 4 | mrenx9 5 53995 |

*ICS — Intermittent Communication Service (50% D_ulv_{]_ycle!

If not available at your local dealer, please contact us directly.
Inside View — RS-12A

ASTRON i

CORPORATION (714)835-0682

YAE

i -
S010M

e
e
[

Featuring Yaesu, lcom, Drake, Ten-Tec, Swan, DenTron, Midland, KDK, MFJ, Microwave
Module, Tempo, Astron, KLM, Hy-Gain, Mosley, Larsen, Cushcraft, Hustler, Mini Products,
Bird, DSI, Mirage, Vibroplex, Bencher, Info-Tech, Universal Towers, Callbook, ARRL, Astatic,
Shure. We service everything we sell! Write or call for quote. You Won't be Disappointed.

We are just a few minutes off the NYS Thruway (1-90) Exit 32

ONEIDA COUNTY AIRPORT TERMINAL BUILDING
Warren ORISKANY, NEW YORK 13424 mﬂob "

K21XN 2MS
Call Toll Free: 1-800-448-7914 New York State Residents Call: 315-337-2622 or 315-337-0203

LL BAND TRAP ANTENNAS !

Y, Y 1~ 1y e -1 i =1~ g 3 1~ T~
PRETUNED - COMPLETELY ASSEMBLED - : FOR ALL MAKES & MODELS OF AMATEUR
ONLY ONE NEAT SMALL ANTENNA FOR /1 TRANSCEIVERS - TRANSMITTERS -
UP TO 6 BANDS! EXCELLENT FOR CON- 9 GUARANTEED FOR 2000 WATTS SSB

GESTED HOUSING AREAS - APARTMENTS 1000 WATTS CW. INPUT FOR NOVICE AND
LIGHT - STRONG - ALMOST INVISIBLE! ALL CLASS AMATEURS!

COMPLETE AS SHOWN with 90 ft. RG58U-52 ohm feedline, and PL259 connector, insulators, 30 ft.
300 b. test dacron end supports, center connector with built in lighning arrester and static discharge -
molded, sealed, weatherproof, resonant traps 1"X6"- you Just switch to band desired for excellent worldwide
operation - transmitting and reclevingl WT. LESS THAN 5 LBS.

160-80-40-20-15-10 bands 4 trap -—- 169 ft. with 90 ft. RG58U - connector - Model 1060BU . . . $99.95
80-40-20-15-10- bands 4 trap — 91 ft. with 90 ft. RG58U coax - connector - Model 1080BU. . $9595
40-20-15-10 bands 4 trap --- 45 ft. with 90 ft. RG58U coax - connector - Model 1040BU . .. $92.95
20-15-10 bands 4 trap --- 23 f. whih 90 tt. RG58U coax - connector - Model 1002BU . . . .. $89.95

SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA. (Canada is $5.00 extra for postage -
clerical - customs - etc.) or order using VISA Bank Americard - MASTER CHARGE - AMER. EX-
PRESS. Glve number and ex. date. Ph 1-308-236-5333 9AM - 6PM wéek days. We ship in 2-3 days.
ALL PRICES WILL INCREASE SAVE - ORDER NOW! All antennas guaranteed for 1 year. 10 day
money back trial if returned in new condition| Made in USA . FREE INFO. AVAILABIE ONLY FROM.

WESTERN ELECTRONICS Dept. AR- 2 K earney, Nebraska, 68847




Operate Legally Without
An FCC License in
the 160-190 kHz Band

STEP UP TOTELREX

WITH A

TELREX “BALUN” FED-"INVERTED-VEE"” KIT
THE IDEAL HI-PERFORMANCE
INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY
MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM

Telrex **Monarch' (Trapped) I.V. Kit
Duo-Band/4 KWP L.V. Kit $66.50
Post Paid Continental U.S.

Optimum, full-size doublet performance, independent of ground conditions! “"Balanced-

Pattern™,
Minimal support costs, (existing tower,

low radiation angle, high signal to noise, and signal to performance ratiol
house, tree). A technician can resonate a

Telrex “Inverted-Vee"” to frequency within the hour! Minimal S/W/R is possible if
installed and resonated to frequency as directed! Pattern primarily low-angle, Omni-
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required!
Complete simplified installation and resonating to frequency instructions supplied with

each kit.

For technical data and prices on complete
Telrex line, write for Catalog PL 7 (HRH)

HA-2 HORIZONTAL/VERTICAL

2 METER ANTENNA

The HA-2 is a low profile holl wave, horzontally
polarized omnidirectional 2 meler antenna. Ak
though the HA-2 was designed for moblle operation,
It will work well as o fxed or porfable ontenna ond its
small size provides the haweling ham with an
anlenna that can easily be packed In o briefcase.
The HA-2 comes complete with RG/58, which is fed
through the center of the mast section, PL-259 RF
connectorand 3/8 24 stud base. A rain gutter mount
Is mcommended
for moblle

1[“3:?Wélrex_

ALRUMY FARK wiw JIRSEY 07710 LS A

tion, which is an
To provide more verso-
fility for the HA2, a
vertical change over
oplion mount has been

Specifications

Gain

VESWR
Bandwidth
Impedance
Power
Element Size
Mast Length
Base

HA-2 Anlenna

('
Send check of money order fo:

SEM CON Inc., Box 2754,
Palos Verdes, CA 90274

esigned allowing
vertical or horizontal
polartzation, compiete
change can be made
In minutes requiring
only a screw driver.

192 aBl

154

4 MHz

50 Ohms

450 watts dc Input
10 inches square
2.0 teet

3/8" x 24

$39.95 postoge paid

Pat. Pending #88548
F.CC. — Certifled

*Vertical change over mount $5.95.
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MODEL 4431 THRULINE®

RF DIRECTIONAL WATTMETER
with VARIABLE RF
SIGNAL SAMPLER — BUILT IN
IN STOCK FOR PROMPT DELIVERY
AUTHORIZED DISTRIBUTOR

®

associates

115 BELLARMINE
ROCHESTER, MI 48063

CALL TOLL FREE
800 — 521-2333
IN MICHIGAN 313 — 375-0420

LOW & MEDIUM FREQUENCY RADIO
SCRAPBOOK (3rd Edition)
by Ken Cornell, W2IMB

Here's your chance to get on the air and have some
legal license-free excitement in the 160-190 kHz
range. Explore the enticing world of the low frequen-
cies and uncover some new fun' Complete details on
assembling homebrew to work these frequencies
plus 4ull info on FCC rules and regulations. A book
you just can't afford to miss. 110 pages. ©1977

[JHR-LF Softbound $6.95

ADDENDUM '77/°78
for the Low & Medium Frequency
Radio Scrapbook

by Ken Cornell, W2IMB

Even more goodies from the 160-190 kHz region,
Addendum '77/'78 is designed to complement The
Low & Medium Frequency Radio Scrapbook. The
technical data is excellent and will provide you “‘low-
fers'" even more information, applications, and tech-
niques for these enticing frequencies. Latest revised
FCC rules governing the npn-licensed communica-
lion bands. 68 pages. ©1977

[IHR-LFA Softbound $3.95

Be a LOWFER
Join the fun and get on
160-190 kHz this winter

Send your order today or call
TOLL FREE
1(800) 258-5353

Clip & Mail Today!

[ JHR-LF $6.95

[JHR-LFA $3.95

Plus shipping $1.00
Total enclosed

[JCharge LIMC [CIVISA

Expiration _

Card Number B

Mame

Address =

City

e T

Ham Radlo s Bookstore
GREENVILLE, NEW HAMPSHIRE 03048

More Details? CHECK — OFF Page 94




SPLIT-BAND SPEECH

When it comes to

PROCESSOR 1 AMATEUR

RADIO QSL’s...

Punch thru
the pileups

withupto

The new DX-1 Speech Processor Kit features split-band speech
processing — a new technique more effective than rf clipping that
offers high performance with low distortion; described by N7WS in
the September issue of Ham Radio. The DX-1 provides up to 15 dB
increase in average talk power with shaped audio response for

improved intelligibility, but maintains your natural voice quality ONLY BOOK'

Installs simply between your microphone and transmitter.
US or DX Listings

Increased talk power: Up 1o 15
dB, adjustable (10 dB recommended E::a%gens.';2 oo $69_95

‘;’;ﬂg;ﬂ:&s‘l fffg';:?,:cggg':‘;"i Add $10 for built-in AC power supply 1980
2.4 kHz at 3 dB down (200 Hz — 3 Ask for FREE CATALOG of kits and parts ca oo s

kHz at 12 dB down) for the homebrewer.
Harmonic Distortion: Less than

I AR NOW READY
BOX 429-H, HOLLIS, NH 03049 ¢ (603) 465-7660 Here they are! The latest editions. World
famous Radio Amateur Callbooks, the most
( \ respected and complete listing of radio
. : amateurs. Lists calls, license classes, ad-
UNI\B!LL;\ FIII.lPDWEH,QIlIlITY dress information. Loaded with special
T 4 HAM ANTENNA PARTS features such as call changes, prefixes of the
The R world, standard time charts, world-wide Q5L
AT YOUR DEALE bureaus and more. The new 1980 Radio
WAZZOT = Amateur Callbooks are available now The
“lNTERFlLTER” Vo U.S. Edition features over 400,000 listings,

« BALUNS-TRAPS: INSULATORS over 120,000 changes from last year. The
« QUAD PARTS-ANTENNA KITS Foreign Edition, over 315,000 listings, over
+ BOOM/MAST MOUNTS - WIRE 90,000 call changes. Place your order now

¢ CABLE-CONNECTORS

2000 WATT LO-PASS

LIFETIME GUARANTEE
The only Lo-Pass you'll

Each  Shipping  Total

ever need Write or call for full Catalog US Callbook $1695 §175 S$1870
Foreign
ASSISTANCE? ICROWAVE IINIIlII.ll/IIE\'CII III’JISIMH Fthaok $15.95 (3115 $1770
Call: HUGH GUNNISON, WA2101 H\qF"‘“n [Dept ] Order both books at the same time for $34 65. includes
Toll: Free BOO- 448 1666 Company mc shipping
(NYS Collect 315-437-3953) §743 KINNE STREET EAST SYRACUSE NEW YORK 13057
Order from your lavorite elecironics dealer or direct from the
publisher All direct orders add $1.75 for shipping. lilinois
A\ DEALERS WANTED - OVER 300 WORLD - WIDE ) s a0 % Soms T
1 SPECIAL LIMITED OFFER!
Amateur Radio
DIPOLE _~ANTENNA CONNECTOR | PAY CASH .
s f’m S, for your military surplus electronics ! @-ﬂ'! Emblem Patch
| 28/ s If you have or know of availability: g only $2.50 postpaid

T7-98 TT-76 Teletypewriter

phone me collect Pegasus on blue field. red lettering. 3" wide x
Vi - 3" high. Great on jackets and caps. Sorry, no
BUDWIG MFG. Co. Ca Pow. a1 o Sales Tax - Dave — (213) 760-1000 call letters
ORDER TODAY!
sl Comm Aubio PrRocessoR
Hed gt nsngouovagfesphrmn NEW = Shapad Vi Filted ad Al -Phiic Nt RADIO AMATEUR I I L I(
Sharsutuey Slniliy B 1o S0t N reeried added to Binourol thevis and Tone-Tog « Filles c a o u INC.

rent o shart weve lmtenars Bt i code
srtie mscdlator - sweadient for o DOD
he ‘..:,.“u::m SRS, K :‘:;;;s‘ BROCHURES BROCHURES BEDOSNEST = LFB2

925 Sherwood Drive

Chack, money ordes, VISA, Masies Chargs

e e e i Hildreth Engineeping Lake Bluff, IL 60044
Mecracrage Cornersiinn o a3 s P.0. Box 60003 Sunnyvale, CA 94088

More Details? CHECK — OFF Page 94 february 1980 [l 89



- THE TOP
OF THE LINE

PEAK READING

WATT METER WM-2000A
reads power in 200, 1000,
2000 watt ranges. 3.5-30
MHz. Reads average or PEP
power output. Includes ex-
panded VSWR scale.

IN-LINE WATT METER

WM-2000 reads power in 200,
1000, 2000 watts. 3.5-30 MHz.
Incl. expanded VSWR scale.

-
MOBILE WATT METER
HFM-200 with remote direc-
tional coupler reading 20 or
200 watts. 3.5-30 MHz. II-
luminated, with VSWR scale.

SWR BRIDGE SWR A
with dual reading meters.
1000 watts RF. 3.5-150 MHz.

Reads relative power output.

A division of Cubwe Commuricahons, Inc

305 Airport Rd. * Oceanside, Ca. 92054
(714) 757-7525

" $9.99

plus 1.00 postage

FINALLY! A RF PROBE that lets you con-
nect into your coax cable for frequency
measurements and modulation waveform
checks directly from the transmitter.
JUST CONNECT THE CoaxProbe* into
your transmission line and plug the output
into the frequency counter or oscilloscope.
Insertion loss is less than .2db so you can
leave it in while you operate.

A NECESSITY IN ANY WELL-ORGAN-
IZED HAM SHACK, the CoaxProbe*
eliminates ‘‘jerry-rigging’" and hassles
when tapping into the coax line is desired
A SPECIAL METHOD OF SAMPLING
keeps output relatively constant with a
wide variation of power. Power output of 8
watts gives .31v out, while 800 watts will
give 1.8v out. (rms 3-30 mhz.) 2000 watts
PEP rating too!

*Trademark of Eagle Electronics

CoaxProbe*

Coaxial RF Probe for Frequency Counters and
Oscilloscopes That Lets You Monitor Your
Transmitted Signal Directly From the Coax Line.

é ¢ }
[} i
-
7_.._-_-..-_.AL-_5'

USE IT ON 2 METER RIGS TO ADJUST
FREQUENCY. The CoaxProbe* has a range
of 1.8 to 150 mhz.

MONITOR YOUR MODULATION
WAVEFORM. With an oscilloscope of pro-
per bandwidth, you can check your
modulation for flat-topping, etc. Ideal for
adjusting the speech processor.

NOW YOU CAN MONITOR SIGNALS
when connected to the dummy load,
eliminating unnecessary on-the-air radia-
tion

AVAILABLE FOR THE FIRST TIME TO
AMATEURS. Try it for 10 days. If not
satisfied, send it back for refund (minus
shipping charges).

Order today from:

Eagle Electronics

Box 426 C, Portage, M| 49081
Michigan Res. Add 4% Sales Tax

NEWCOMER OR OLD PRO . ..

ALPHA POWER

IS YOUR KEY TO A
BIG SIGNAL

ALPHA/VOMAX can
boost the “talk power”
of any rig up to ten

times or more. The new 1
SBP-4 split band speech
processor uses the only
system more elfective

than rf clipping — AND

distortion Is extremely

low so your voice sounds natural. Under
tough conditions VOMAX can help as much
as most linears. Combine VOMAX with a
good linear and WOW! It's simple to install
and operate with any rig.

ALPHA 374A is a heavy-duty “rock crusher”
. .. a ftull kilowatt (24KW PEP), No Time
Limit, all band, NO TUNE UP desk top linear
amplitier. It's a no-compromise ALPHA with
a TWO YEAR FACTORY WARRANTY.

Other superb ALPHA s include the “Ultimate
LINEAR" ALPHA 77Dx and the new ALPHA
78, which combines NO-TUNE-UP maxi-
mum legal power, No Time Limit, and high
speed (vacuum relay) CW break-in. Call or
write your dealer or ETO direct for illustrated
literature on all ALPHA products.

EHRHORN TECHNOLOGICAL
OPERATIONS, INC
' P.O. BOX 708, CANON CITY, CO 81212

(303) 275-1613

10 Watts In - 75 Warts Out
2 Meter FM or SSB Amplifier

Complete Kit Model 875K $99.95
See article in Sept. 79 QST pgs. 11—16

COMMUNICATION CONCEPTS,INC.
2648 North Aragon Ave.
Dayton, Ohio 45420
Phone: (513) 294-8425

LIHF Kits Also Available Send For FREE Data Sheer

NEW ELECTRONIC PARTS

Brand namae, first line components. Stocked in depth
24 hour delivery. Low prices and money back guarantee
on all products we carry

STAMP BRINGS CATALOG

SPECIALS W D H PRICE
Keyboard Enclosures 14" 833 $16.50
17833 19.95

207833 20.3%

14" 11.3" 3" 18.7%

17°113" 3" 20.50 |
2001373 22.6%
Biue Base, specily white or black top.

RTTY
| SHIPPING | UT4 SPEED CVTR BOARD
I’W| INCLUDED| KIT $109.95
— IN PRICE | BOARD ALONE $1895

AUTO CW ID KIT $27.90

Daytapro Electronics. Inc.|

1029 N WILSHIRE LN, ARLINGTON HTS | ILL 60004
PHONE 312-870-0555 R
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[l TRISTAO & PRATT TOWER CO. [

. 3635 West LaVida .
Visalia, CA 93277

r------
[

il (209) 733-2438 [ ]
We'll be at MIAMI!

L EEEEEn

Seven* new

finger talkers

from CURTIS

» EK-480; C-MOS Deluxe Keyer ... $13495
« EK-4B0M: Above plus speedmater ... 140.95
» |-480; InstructoMats SP— L
* M-480; MemoryMate ... 124,95
+ |M-480: Instructo-MemoryMate ... 179.95
» KB-480; Morse KeyboardMate ... . 19995
» KB-4800; Morse Keyboard .. ... .. . 34995
8044; Keyer-0n-A-Chip (Replaces 8043) ............. 14.95

Apr 75 WR, Fab 78 QST. Radio Hdbk 75, ARAL Hdbk ‘77-78
B044-3; IC, PCB, Socket, Manual ...

BO44-4: Seml-KIt ...

8045; Morse Keyboard-On-A-Chip IC

B045-1: IC, PCB, FIF0. Sockets, Manual ....... 89.85

B8045-2; Semi-KIt ..............ccoooocvvneenn.. 150.95

8046 Instructokeyer-On-A-Chip IC ............... 4985

BOAG-1; Seml-KH ..o 79.95

B047; Message Memory-On-A-Chip IC ............ 3995

B047-1: IC. PCB. RAM, Sockets, Manual ......... 69.95
{add $1.75 on above for postage and handling]

IK-440A; Instructokeyer (Mar ‘76 QST) ........ 22495

- Curtis Electro Devices, Inc.

|ﬁ DepL H 1415) 484.7223

[ Gox 4000. Mountaln View, CA 94040

ork electronic

5 LED Dusplay Battery or AC
Model F-R PN

More Details? CHECK — OFF Page 94

HAVE BARRELS OF FUN- WITHOUT
DRAINING YOU DRY! WHY PAY FOR
USELESS FRILLS?

LET US HELP YOU WITH YOUR
REPEATER PROJECT

NOW AVAILABLE STOCK FROM
“w/wa,tezf anlimcte

/

a 'diucscon o

eneatiue electrnand
YOUR ONE'STOP REPEATER SHO (4
GET AN EXCELLENT BASIC
DESIGNED REPEATER WITH
DEPENDABLE PERFORMANCE'!

IN STOCK - READY TO SHIP-
VHF ENGINEERING

REPEATERS FOR ALL AMATEUR
BANDS ALSO NEW ACCESSORY ITEMS

JUST CALL OR CONTACT: ®ECEl on Judc
P.O. BOX 7054 404 971-2122

MARIETTA  GA. OR OUTSIDE GA
30065 300 241-4547

[X4%)

we accept :a —

ERC Promises Up To The Minute State-Of-The-Art

Design and Performance
Four Simultaneous Filters in One for Unparalleled QRM Free Reception (SSB & CW)
* Plus a Special Patented CW Processor *
T T T . S ——

The brand new SL-56 Audio Active Filter
supercedes our SL-55 in both concept and
performance. Consolidation of many components
has allowed us to make 13 operational amplifiers
(compared to 6 in the SL-55) into a filter
guaranteed to ou! perform any other at a cost only
slightly higher than the SL-55. The features of the
SL-56 are so advanced from its predecessor that SL-S6

alling it the SL-55A is not justified. Unlike other "

;zlllersgihat SImpI'yE;)Her a cho:ce of onerr two lilter Audio Active Filter

(3.5 -~ 55 « 7.5 Inches)

types at a time (notch, bandpass. etc.) SL56
provides what is really needed - the simultaneous action of a 6 pole 200 Hz fixed highpass filter and
a 6 pole 1600 Hz tixed lowpass filter with a 60 dB notch which is tunable over the 200-1600 Hz
range. This 3 filter combination is unbeatable for the ultimate in QRM free SSB reception. Adjacent
channel QRM is eliminated on the high and low sides at the same time and does nol introduce any
hollowness to the desired signal. On CW the SL-56 is a dream_ The lowpass, highpass and nolch
filters are engaged along with the tunable bandpass filter (400-1600 Hz) providing the needed
action of 4 simultaneous filter types. The bandpass may be made as narrow as 14 Hz (3dB)
Additionally, a special patented circuit follows the filter sections which allows only the peaked
signal 1o “gate itself" through to the speaker or headphones (8-2000 OHMS) Receiver noise, ring
and other signals are rejected. This is not a regenerator. but a modern new concept in CW
reception. The SL-56 connects in series with the receiver speaker output and drives any speaker or
headphones with one watt of audio power Requires 115 VAC. Easily converted to 12 VDC
operation. Coal black cabinet and wrinkle gray panel

Warranted One Full Year  Fully RFI Proof Fully Wired and Tested Available Now
$79.00 Postpaid in the USA and Canada
Attention SL-55 Owners: The Circuit Board of the SL-56 is Completely Compatable with
the SL-55 Chassis. Our Retrofit Kit is Available at $40.00 Postpaid.
Electronic Research Corp. of Virginia
P O Box 2394 » Virgimia Beach, Virginia 23452 » Telephone (B04) 463-2669

Virgirua Residents Add 4% Sales Tax
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BUY THE BEST!

" GRYSTAL FILTER

[, " Ty

Whether your SSB rig is old or new, there is no easier or
essenfially less expensive way 1o significantly upgrade its
perforimance than by improving its IF passband filtering. FOX
TANGO fillers are made of specially-treated high-0 quartz
crystals, allording excellen! shape factors and ultimale rejec
tion exceeding B0 dB. They are custom made for drop-in
installation. mailching perlecily, both physically and elec
tromically Our Diode Smrchnlg Boards make possible {now or
in the future) the addition of a variety ol switch-seleclable
Hiters atlording superior variable bandwidth withoul the need
1o buy an expensive new model If you want the best for less
you'll buy FOX-TANGO. Just tell us the bandwidth(s) desired
lor your make and model

MAKE

AND
MODEL ]
OF SET T

AT T AT
FLO0NFT 00

FI-801/ 7100008
Fram

KENWOOD
15520, R 08 [ ] -

oo St a0
HEATH 355 EACH

ACITCTTETICTR I I N = =

DRAKE FOR PRICES SEE NOTES

(WROAD 1 IF)

I = T

VERT SHARF CW (204 i) 1
GUO — PRODUCT DETECTOR Wit

T35 3/C

FOUALS OW EXCELS 3400 COULINS UWT

NOTES
1 a) 250 Hz Filters Very sharp Ideal for DX and contest
work, yel nol 1oo narrow for ordinary operations
b) 400 and 500 Hz Filters Shightly narrower than 6-pole
of less usually avallable as options. and superor B
pole type
c) 600 Hz Fitters lor “101 are 6-pole. $45 each
2 a) 1.8 kHz Filters ded to supp (or supplant)
standard SSB filters whose bandwidth 1s about 33%
reater. Uselul in overcoming ORM
; 1 kHz Filters. Provide signilican! improvement over
standard units, even of same bandwidth, because of
superior B-pole characteristics
c) 2.4 kHz Filters Superior replacements for standard
units having less than 8 poles
d) 6 kHz Filters. Essential for optimum reception of
short-wave broadcasts, CB, elc
3. Fitter Prices include Airmail Postpaid to U.5., Canada
Mexico. Elsewhere, add $3 per filter
For FT-560/570/401/4018 and FT-200/Tempo 1
Filter marked with star (% ) 15 a2 new 455 kHz 2nd IF unit
for superior R-5205 S58. Similar in quality to Collins unit
below  Introductory price: $125 each
GUF-1. Replaces present 1st IF unit for CW and SS5B
Shape factor 1.5, ultimate rejection 100 dB+ Original
unit, 4 7 and 65 dB_ Specity desired bandwidth 6 or B
kHz. §65 each
GUF-2. Filter plus relays. etc. on PC board. Easy in-
stallation. Automatically replaces broad 1st IF unit during
CW. Specily desired bandwidth: 600 or 800 Hz. Use
with or without GUF-1. $90. each
B 56H125 Fiter Sharpest CW lilter available (2nd IF)
Froni-panel selecled. plugs inlo rear apron of sel
Special: $90 each
9 GUD Converts existing product detector lo superior
double-balanced type. Wired and tested mini-board
easy installanon $30 each
10, Special plug-in unil equals or exceeds specifications of
$400+ Collins X4550200, Special: $125 each
11 FT7-101ZD has no AM mode; for 901 only
12 Superior lo existing ceramic lilter

TS

DIDDE SWITCHING BOARDS (DS8)
Permit inboard mounting of one, two (or more) lillers than
thase for which the manulacturer provides room, all switch
selectable using existing front-panel swilches in some cases
Available for all Yaesu and Kenwood equipment listed excepl
F1-401 series and lube-type sets. Specity Make, Model and
Filter 1o be used on DSB
Single-liter type: §12 Airmail postpaid worldwide
Dual-fier type:  $21 Airmail posipaid worldwide

Order with confidence. Money back if
not satisfied. VISA/MC welcomed

Florida residents add 4% (sales tax)

FOX-TANGO CORP.

Box 15944H, West Palm Beach, FL 33406
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Digitrex Electronics

PA 19 Wideband Preamplifier

10 MHZ Bandwidthi 198 o

Frequency Counter,

§59.95 7"

Digitrex Electronics

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

SYNTHESIZED
SIGNAL GENERATOR

* Covers 100 to 179.999 MHz in 1 kHz steps with
thumb-wheel dial » Accuracy .00001% at all fre
quencies # Internal frequency modulation from 0 to
over 100 kHz at a 1 kHz rate # Spurs and noise at
least 60dB below carrier * RF output adjustable from
50 to 500mv across 50 ohms ® Operates on 12vdc
@ Y2 amp = Price $299.95 plus shipping

In stock for immediate shipping. Overmight
delivery available at extra cos!. Phone: (212)
468-2720

VANGUARD LABS

196-23 Jamacia Ave. Hollis, NY 11423

1980

HANDBOOK

BRAND NEW! STEP INTO
THE 80'S WITH THE
LATEST HANDBOOK FROM
THE EDITORS AT ARRL

Full of exciting new features for the
80’s, NOW is the time to order
your copy of the 1980 ARRL
“RADIO AMATEUR'S HAND-
BOOK." Internationally recognized
and universally consulted, every
Amateur should have the latest edi-
tion. The new HANDBOOK covers
virtually all of the state-of-the-art
developments in electronics theory
and design. Novices will find it to
be an indispensable study guide,
while the more advanced Amateur
will enjoy building the many new
projects.

[] Order AR-HB80
Softbound $10.00

[] Order AR-BB80
Hardbound $15.75

HAM RADIO’S

BOOKSTORE
GREENVILLE, N. H.

(800) 258-5353

More Details? CHECK — OFF Page 94



Practical Antennas for the
Radio Amateur

You've never seen an antenna book quite like this! It tells you
how to choose, use and build your antenna system. Here's
what you get: © How to build practical beams, quads and

wire antennas O Computer-generated beam headings to
every known country in the world © Charts and tables to
eliminate tricky calculations © Practical ideas for the
newcomer © OSCAR antennas © Complete bibliography
of magazine articles on antennas © Antenna safety

© Trick antennas for portable work © Tips on how to
keep your antenna up. Durable vinyl cover. Only $9.95

Personal Information Management Personal Information
System Fvidmes S
Keep an automatic log. Compare anten- |
na performance. Catalog your parts and %,
equipment. Keep a mailing list for your
club. Plain-talk booklet tells how. In- v
cludes ready-to-use program for home i
computer systems. A bargain at just '53.;".::7_.'.'.."...."‘.‘:.;.'.‘.:._:_:_..‘:
$9.95, memspensnt mrea
Brand New Antenna Book!
L] T pembum i ton Loms Placwssbit iore
New format . . . Big diagrams . . . Easy-to-read lutradaction:te Low Resolition O_ APH
By well-known author, Robert Myers, W1XT GRAPHICS 50

Produce amazing computer graphics —
even if you can’t draw a straight line,
Literally! Learn how to draw lines and
shapes, make graphs, draw pictures
and even do animation. All the simple
secrets are contained in this brand new
book. Only $9.95.

In a Hurry? Order Toll Free 1-800-258-5353

L e e i S S

Ham Radio’s Bookstore  frenite

Caloulating with

BASIC

[JPractical Antennas [JPersonal Information Management System

[ Introduction to Low Resolution Graphics [J Calculating with Basic Calculating with

BASIC

Use a home computer to calculate vol-
tage across a capacitor, find the value of
inductance, determine the capacitance of
parallel plates, compute the time to

Street

State Zip

City

Please enclose proper amount for books plus $1.00 shipping or credit

1
1
|
1
1
1
I Name
1
|
1
1
I

card information.

More Details? CHECK — OFF Page 94

charge a capacitor and convert power,
voltage and current to decibels. All the
routines needed and more! Just $7.95.

Fur mathemalion flnanee snd
LALLM meRaAn sl amgl merr
ing and shmct ronioe

s .
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check-off

.for literature, in a hurry — we'll
rush your name to the companies
whose names you “check-off”

Place your check mark in the space
name and number., Ex:
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A E A 677
AED 710
Aluma 589
Amateur Wholesale

Elec 003
Amidon 005
Antenna Mart 009
Astron 734
Atlantic Surplus *
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Bauman o7
Bencher 629
Bilal 87
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Comm. Spec 330
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Creative Elec 751
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EBA Microwave 818
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Heath ____ 518
Henry 062
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MFJ 082
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Microcraft 774
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J. W. Miller 745
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Sem Con BO8
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Signals Comm 822
Snow Micro Sys. 816
Soar Elect 788
Space 107
Spectronics 191
Spec. Int. ___ 108
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TEDCO ™

T.C.I. __786
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Yaesu 127
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VALENTINE VALUES

Cushcraft "boomer” ....... ... ... $ 69.95
OMNI-J 2 Meter Antenna .. ... ...... 39.95
Tonna FOFT Antennas 144/16el. .. .. .. 59.95
Klitzing VHF-UHF Amplifiers
2M 10W in-100WOut ............179.95
432 10Win-50WOut . ... .. co..... 18995
Bird 43 and slugs, UPS paid in USA . .. stock

Microwave Modules, less 15% olff list stock
Telrex TBSEM, instock ............. 415.00
New Telrex TB5SES, 2 KW pep version 315.00
New Palomar Engr. Trans. Preamp .. .. 89.50
Bencher Paddles — $39.95 Chrome . . . 49.95
Vibroplex paddles in stock, plus bugs,
write for prices.
ETO 76 Amplitiers . . ................. stock
Lunar 6M-2M-220 In Line Preamps . 49,95

Janel QSA5 .. .. .. SAARE .41.95
HAM-X Tailtwister Hoior o Th 189.95
HAM-4 Rotor . e 139.95
Cetron 572B . . 29.50

New HDI HC-1400 1w148MHZ 25 waH
Synthesized 2 meter transceiver . 349.00
Remote digital readout . . .. 49.95

Motorola HEP170 ........ ceee 029

Mallory 2 5A/1000PIV epaxy diode 0.19

Aerovox 1000PF/500V Feed thru cap ... 1.95

Technical Books: Ameco, ARRL, Sams, Tab,
Rider, Radio Pub., Callbook, Cowan,
WRTVH, B1C. . vy v saiials b aili e Call

NEW Belden 9405 (2#16)(6#18) 8 wire rotor
cable, heavy duty for long runs . ... 0.32/t

B44BB wirerotorcable . ..... ... ... 0.20/f1
9888 double shield RGB Foam . . ... 0.46/ft
8214 RGB Foam - .. 0.26/f1
8237 RG8 Regular . ...... ..0.23mM

B267 RG213 . ; ; .0.30
Amphenol Silver Plate PL259 (3315P} .069
Belden 14 ga. stranded antenna wire

#8000 ... .. SiEaaiig  OUDGHt
Times %" Foam Hardline $0.65/1t. —

Connectors, ea. . ....... .......15.00
Berktek RGBX, 52 ohm, KW, per ... 0.16
Robot “Slow Scan"” Now in Stock . . .. .. Call
Alliance HD73 Rotor . . . .. 109.95
Teletow'r-self support-

55 fUw breakover . 549.00

40 fUw breakover . . 399.00

Telrex antennas? In Stock' Monobandars'?
You bet!

Looking for antique parts?
Write specific need to W5GJ.

THIS MONTH'S SPECIALS:

Icom IC701, AC, MIC — $1,195.00
NEW ICOM IC255A, 2M — $349.00
Dentron GLA 1000 Amp. $319.00
Dentron Clipperton L — $499.00
(Limited Qty.)

New Price $599.00 after current
supply runs out.

Kenwood TS700SP $599.00;
TR7625 $399.00,
TR7600 $299.00; RM76 $99.95.
Limited Qtys.

MASTERCHARGE * VISA

All prices fob Houston except where indicated
Prices subject to change without notice, all items
guaranieed. Some items subject prior sale. Send
letterhead for Dealer price lisl. Texas residents add
6% tax. Please add postage estimate $1.00
minimum

MADISON
ELECTRONICS SUPPLY, INC.
1508 McKINNEY
HOUSTON, TEXAS 77002
713/658-0268

AdyerTigers iNdeX

Advanced Electronics Applications. .
AED Electronics . .
Aluma Tower Co

Amidon Associates

Antenna Mart . . .

Astron Corporation

Atlantic Surplus Sales

Barry Electronics -

R, H. Bauman Sales Co. . .
Bencher, Inc

Bilal Company

Budwig Mig. Co.

Communication Concepls

Communications Specialists . k X FEP |1

Continental Specialties
Creative Electronics
Curtis Electro Devices
DCO, Inc.
Data Signal, Inc
Dave
Daytapro Electronics

igitrex Electronics
Drake Co,, R L
EBA Microwave
Eagle Electronics
Ehrhorn Technological Opelallons
Electronic Research Corp. of Virginia
Fox-Tango Corp
G & C Communications
GLB Electronics . .
Gregory Electronics
Hal Commumications Corp
Hal-Tronix
Ham Radio’s Bookstore
Ham Radio Magazine
Heath Company

Henry Radio Stores i Cove:

Hildreth Engineering

Hustler . .

leom

International Crystal Mig. Cu
S & A Group, Inc

Jameco Electronics

Jan Crystals

Jones, Marlin P. & ﬂssocnates

Trio-Kenwood Communications, Inc - 48,

Larsen Antennas

Long's Electronics

MF.J Enterprises

M & M RF Distributors lLunnr]

Madison Electronic Supply . . . ; 64, 65,

Magnavox D
Microcraft

Microwave Filter, Inc. 7

J. W. Miller Division, Bell Industries .
Morse Pak-A, Inc

Oak Hill Academy Amateur Radio Session .
P.C. Electronics

Palomar Engineers - ek .. 68,

Radio Amateur Callbook . .
Radio & Electronics Constructor
Radiokit

Radio World

Ramsey Electronics

Sem Con, Inc R
Sherwood Engmoenng =
Space Electronics .

Spectronics -
Spectrum Inlernetmnal -

Swan Electronics . . == .

TEDCO. . aa

Tel yC &l ion, Inc
Telrex Laboratories.

Ten Tec i

Tristao & Pratt Tower Co.. .

Vanguard Labs . .. . .
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HY-GAIN 3806 2-meter
handheld transceiver

\ Interior antenna
Exterior antenna
Channel selector
DC power ON/OFF switch

Transmitting vollage
and receive signal
strength indicator

Squeich volume
Transmit indicator
Audio volume

Internal speaker
Microphone
Transmit/receive swilch

Batt case
Earphone jack
External DC 12V jack

ACCESSORIES
Description

Add 2 50 shipping &

List+189-.00

ile suppl¥a lasts.

ndling

Item No 8386

Buy a new, lowcost 6 channel handheld which pro-
vides superb voice transmissions.

Sharply tuned on-frequency selectlivity in the RF
amplifier stages plus FET's in the 1st and 2nd mixers
for virtual immunity to out-of-band signals, inter-
modulation distortion and cross modulation

Separate microphone and speaker elements foren-
hanced audio

Internally adjustable mic preamp—a Hy-Gain exclusive

Specially gasketed case seals out water, dirt and cor-
rosive salt air

Watertight, high-impact ABS plastic case-ribbed for
non-slip grip

Top mounted controls for instant access
Comes complete with 146.52 crystals only

1 watt output (12 VDC input)
Operates on 8 "AA" batteries or
optional NiCad battery pack

Price

NiCad battery pack

24.95

Touch tone pad

29.95

AC battery charger

4.95

Cigarette hghter
adapter cord

4.95

Carrying case

14.95

34/94 crystals

7.95 a pair

16/76 crystals

7.95 a pair Optional NiCad battery Optional touchtone pad

T 1°: 800 633- 3410

pack $24.95 (not installed) $29.95

IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY

== Longs Electronics &

PO BOX 11347 BIRMINGHAM, AL 35202 » STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM, ALABAMA 35233
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FT-707 is shown with
optional FV-707DM VR
& Scanning Microphone

THE FT-707
“WAYFARER”

The introduction of the “WAYFARER" by Yaesu is the beginning of a new era in compact solid state
transceivers. The FT-707 “WAYFARER" offers you a full 100 watts output on 80-10 meters and operates
SSB, CW, and AM modes. Don't let the small size fool you! Though it is not much larger than a book, this is a
full-featured transceiver which is ideally suited for your home station or as a traveling companion for mobile
or portable operation.

The receiver offers sensitivity of .25 uV/10 dB SN as well as a degree of selectivity previously unavailable in a
package this small. The “WAYFARER" comes equipped with 16 poles of IF filtering, variable bandwidth and
optional crystal filters for 600 Hz or 350 Hz. Just look at these additional features:

FT-707 with Standard Features FT-707 with Optional FV-707DM

Fast/slow AGC selection & Scanning Microphone
Advanced noise blanker Choice of 2 rates of scan

Built-in calibrator Remote scanning from microphone
WWV/JJY Band Scans in 10 cycle steps

Bright Digital Readout Synthesized VFO
Fixed crystal position Selection of receiver/transmitter functions

2 auxiliary bands for future expansion from either front panel or external VFO
Unique multi-color bar metering—monitors “DMS” (Digital Memory Shift)
signal strength, power output, and ALC voltage.

Impressive as the “WAYFARER" is its versatility can be greatly increased by the addition of the FV-707DM
(optional). The FV-707DM, though only one inch high, allows the storage of 13 discrete frequencies and with
the use of “DMS" (Digital Memory Shift) each memory can be band-spread 500 KHz. These 500 KHz bands
may be remotely scanned from the microphone at the very smooth rate of 10 Hz steps.

The FT-707 "WAYFARER" is a truly unique rig. ; # ;
See it today at your authorized Yaesu Dealer. Y
- \/
The radio.

YAESU ELECTRONICS CORP., 6851 Walthall Way, Paramount, CA 90723 @ (213) 6334007
YAESU ELECTRONICS Eastern Service Ctr.,9812 Princeton-Glendale Rd.,Cincinnati,OH 45246 80




EIMAC takes the work
outof 25kW
FM transmitter design.

New cavity
amplifier and
tetrode combo.

The new EIMAC
CV-2200 power amplifier
cavity assembly and com- r

anion 8990 tetrodeisready |
or use in next generation |
FM transmitters in the
88-108 MHz band.

EIMAC engineered
interface provides capability
between tube and cavity
design and the result is an
amplifier of classic simplicity
that combines a useful power
output of 25 kW with a stage
gain of approximately 20 dB.
These numbers make a one tube,
high power FM transmitter a
reality today.

1935, EIMAC
was present at the birth

of FM broadcasting.
Major Armstrong’s

early transmitter used four
EIMAC 150T tubes in the
amplifier stages. And
EIMAC still retains its
commanding position in
continuing high power
vacuum tube technology.

Cost effective modern design.
EIMAC’s cost-effectiveness

~ For full information on the CV-2200,
" the 8990 (25 kW) and the 8989 (15

and modern design are yours in the kW) write EIMAC, Division of Varian,
new cavity and tube combo. Anticipate 301 Industrial Way, San Carlos, California
reduced transmitter down-time antf 94070. Telephone (415) 592-1221. Or con-
higher revenues with this new amplifier tact any of the more than 30 Varian Elec-

concept. Make sure your new transmit- . tron Device Group sales offices throughout
ter is EIMAC equipped. varian the world.
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