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in this issue: stacking Yagis properly * 0.5-30 MHz active antenna

® vary your take-off angle ® switchable vertical wire array ® alternative
method of feeding phased arrays ® multiband sloping vee beam

® 760-meter transmission line antenna * RF transmission cable for
microwave applications ® baluns ® convert your fixed tower to a
tilt-over © plus W1JR, W6SAI, KORYW, and the Guerri report
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Base Station Performance

Whether your interest Is
simplex, repeater operation,
or satellite work, the IC-471H
430-450MHz base station
transceiver will give you
maximum UHF operation.

75 Watts. The IC471H pro-
vides 10 to 75 watts of adjust-
able power in all modes. This
enables adjusting the drive
level to a linear amplifier for
higher power uses such as
moonbounce. For a portable
UHF station, the optional
IC-PS35 internal powersuppry
is available,

IC-471H With

C 5 Internal

'-"}wf_-r Supply
ristalled

Compare these exceptional
Standard Features:

® 430 - 450MHz

¢ Variable tuning steps, FM
S5KHz and | KHz; SSB 10Hz,
50Hz and 1KHz

» 32 full-function Memories
with lithium battery backup

» 75 Watts, fully adjustable
on all modes

® 32 built-in Subaudible Tones

* High visibility display

# Scanning systems...
Memories, Modes or Pro-
grammable Band

* RIT/XIT with separate
readout

*= S-Meter and Center Meter

# |C-HMI12Z Microphone with

Up/Down Scan

s AW x 43%"H x 12%°D

Optional Features. AG-35
switchable mast-mounted

GaAsFET pre , UT-158
CTCSS encoder, i
Fecoder 21 ’ E\
encoder is | _
standard), b gr \
IC-EX310 4P
voice AG-35 Mast Mounted

mesizer' GaAsFET I'-"rﬁampH."mr

IS%I:ISMB
two-cable desk mic and
IC-SM6 desk mic. PLUS a va-
rie_lgsof power supplies...the

35 internal power supply,
the IC-PS30 system power
supply or the IC-PSI5 external
power supply.

The IC-471A. The 25 watt
IC-471A is also available and
has the same outstanding fea-

tures as the IC-471H, plus ar
optional IC-PS25 intemal
power supply for portable
operation,

To complete your VHF/UHE
base station, the 1C-471's
2-meter companions, the 10C
watt IC-271H and the 25 wat
IC-271A are also available.

See the IC-471H and othe
ICOM equipment atyour locz
authorized ICOM dealer.

First in Communications

ICOM America, Inc., 2380-116th Ave NE, Bellevue, WA 98004 / 3331 Towerwood Drive, Suite 307, Dallas, TX 75234
All stated specifications are approximate and subject to change without notice or obligation. All ICOM radios significantly exceed FCC regulations limiting spurious emissions. 471H108:



What To
Look For In A
Phone Patch

The best way to decide
what paich is right for you
is to first decide what a
patch should do. A patch
should:

* Give complete control to
the mobile, allowing full
break in operation.

* Not interfere with the
normal operation of your
base station. It should
not require you to con-
nect and disconnect cab-
les {or fMip switches!)
every time you wish to
use your radio as a nor-
mal base station.

Not depend on volume or
squelch settings of your
radio. It should work the
same regardless of what
you do with these con-
trols

You should be able to
hear your base station
speaker with the patch
installed. Remember, you
have a base station be-
cause there are mobiles.
ONE OF THEM MIGHT
NEED HELP.

The patch should have
standard features at
no  extra cost. These
should include program-
mable toll restrict (dip
switches), tone or rotary
dialing, programmable
patch and activity
timers, and front panel
indicators of channel and
patch status.

ONLY SMART PATCH
HAS ALL OF THE
ABOVE.

Now Mobile
Operators Can
Enjoy An
Affordable
Personal Phone
Patch. . .

* Without an expensive
repeater,

* Using any FM tranceiver
as a base station.

* The secret is a SIMPLEX
autopatch, The SMART
PATCH.

SMART PATCH
Is Easy To Install

To install SMART PATCH,
connect the multicolored
computer style ribbon cable
to mic audio, receiver
discriminator, PTT, and
power. A modular phone
cord is provided for con-
nection to your phone sys-
tem. Sound simple?
ITIS!

-With SMART PATCH

With CES 510SA Simplex
Autopatch, there’s no waiting
for VOX circuits to drop.
Simply key your transmitter

to take control.

Communications Electronics Specialties, Inc.

SMART PATCH is all you need to turn your base station into a per-
sonal autopatch. SMART PATCH uses the only operating system
that gives the mobile complete control. Full break-in capability al-
lows the mobile user to actually interrupt the telephone party.
SMART PATCH does not interfere with the normal use of your base
station. SMART PATCH works well with any FM transceiver and pro-
vides switch selectable tone or rotary dialing, toll restrict,
programmable control codes, CW ID and much more.

To Take CONTROL with Smart Patch
—Call 800-327-9956 Ext. 101 today.

®

P.O. Box 2930, Winter Park, Florida 32790

Telephone: (305) 645-0474

Or call tolk-free (800)327-9956

w105

How To Use
SMART PATCH

Placing a call is simple.
Send your access code
from your mobile (exam-
ple: *73). This brings up
the Patch and vou will
hear dial tone transmitted
from your base station,
Since SMART PATCH is
checking about once per
second to see if you want
to dial, all vou have to do
is key your transmitter,
then dial the phone num-
ber. You will now hear
the phone ring and some-
one answer. Since the en-
hanced control system of
SMART PATCH is con-
stantly checking to see if
you wish to talk, vou need
to simply key your trans.
mitter and then talk.
That's right, you simply
key your transmitter to
inll'rnlpt the |)11m|v line.
The base station auto-
matically stops transmit-
ting after you key vour
mic. SMART PATCH does
not  require any special
tone equipment to confrol
your base station. It sam-
ples very high frequency
noise present at vour
receivers discriminator to
determine if a mobile is
present. No words or sylla-
bles are ever lost.

SMART PATCH
Is All You Need
To Automatically
Patch Your Base
Station To Your
Phone Line.

Lise SMART PATCH for:

* Mobile (or remote base)
to phone line via Simplex
base. (see fig 1.)

Mobile 10 Mobile via in-
terconnected base  sta-
tions for extended range,
(see fig. 2.)

Telephone line to mobiie
(or remote base),

SMART PATCH uses
SIMPLEX BASE STA.
INON EQUIPMENT, Use
vour ordinary base sta-
tion. SMART PATCH
does this without inter-
fering with the normal
use of vour radio.

WARRANTY?
YES, 180 days of warran-
ty protection. You simply
can't qo wrong.
An FCC type accepted
coupler is available for

SMART PATCH.



KENWOOD

...pacesetter in Amateur radio

TH-21AT/A: +600 kHz
TH-31AT/A: 15 MHz

new standard
1plex

TH-41AT/A: +5 MHz

Choose 1 watt higt Implex
n ah 1o “hit" r | irc {1
peaters; or a batler iubber llex anter
wina 150 mw irphone, wall charger
bl _ 80 mAH NiCd battery
} d's TH-senes HT K straj
D wenient, reliabl tt
I I INCe IN a package ne recnar ible I i Il
mall. it shp 1o vour into place. Qphonal battery cases and agaplers:
irl pocket! It i ire avallable
niy 57 (2.24) W x 12( ® I¢ i £
(A7T2AHXx2801L.1D D mm Ihe high impact case | uft resistant, to retamn

(inchy and weighs 260 g ts attracltive styling, even with hard use

57 1b) with batteries!'

Covers 141.000-150.995
MHz in 5 kHz steps
includes certain MARS and |
CAP hrequencies
TH-31AT/A: 220.000
224.995 MHz in 5 kHz steps
TH-41AT/A: 440.000

449995 MHz in 5 kHz steps

pertormance loday

*« SMC-30 =

*PB-21 1

eDC-2101C | nyverter tor mobile

e BT-2 manganese/alkaline battery cas

e EB-2 vixlirng nganese/alkalne
Datiery 1

*SC-8 ft cass rTH-21A/31A/41A

«SC-8T fit raeef H 1ATIZ1AT41A

* TU-6 programmat b-tone unit

s AJ-3 thiead to BNC female adapter

= Service manual
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the readers speak . . .

We asked — and you answered our cail for solutions to the problems facing our hobby today (see
"‘Reflections,”” February, 1985, page 5. Each and every one of your letters was read, and we're proud to
act as a clearinghouse for your many ideas and suggestions.

Foremost you recognized that Amateur Radio has changed, and that hams have to accept that fact before
any effective improvements can be made.

Here are some of your comments on the problems, followed by some suggested solutions:

"“The challenge is gone. Want to hear China? Just turnh on the TV."”

""Equipment is fust too expensive and complex for us to do our own repairs.”

““Our kids are into computers, not radio.”

""Hams are boring and don’t know how to communicate any more.”

"“Consumer electronics and RFl — what a nightmare!”

""Enforcement, what a joke — the FCC's a paper tiger.”’

Can we expect the general public to help? | doubt it. Many of them see us as “‘the ham down the block
with the ugly tower and wires all over.”” Don’t expect too much sympathy from the neighbors — especially
if their brand-new VCR is carrying our conversations as well as their programming. So what do we do?

SCHOOLS. Talk to your local school board. Could some space and time — say an hour a week — be
set aside for a Novice course taught by local hams? What about high school science teachers? Would they
be interested in having guest speakers address classes on Amateur Radio subjects? Radio clubs, how about
sponsoring radio-related science fairs, with prizes or scholarships awarded for the best projects? How about
donating software — morse code tutors and technical Q&A’s, for example — to school libraries? Besides
the school environment, summer camps and community centers would also be logical places for reaching
and teaching prospective hams.

PUBLICITY. We need more of it -— the good kind, that is. Make a personal effort to contact and provide
details of Amateur Radio events to your local newspaper and radio or TV stations. Every little bit helps.
There’s a move afoot to produce and distribute a brochure describing the “fun’ aspects of our hobby.
When it becomes available, get some and hand them out to the neighborhood kids. Do any of you work in
the media or public relations? How about using your skills to help improve our image?

PARTICIPATION. This means all of us. No contribution is too small. Participate by helping out at the
club, helping newcomers to the hobby even after they’'re licensed. (This in itself might help reverse the
’dropout’’ rate.) How about being an Eimer and forming a ‘‘ground wave net’’ to bring together new hams
in a local net designed to help them overcome their initial shyness? I'm sure we can all remember how
we felt during those first few weeks on the air.

Dear Senior Citizens, you have the time, the knowledge, and the political clout. Your active leadership
and participation are essential.

What would happen if, for the good of Amateur Radio, we set aside our individual concerns and pooled
our talents in a single “‘umbrella’’ organization dedicated solely to protecting and preserving our hobby?
Perhaps then it would be more difficult for commercial interests to nibble away at our spectrum. We have
to lobby from a position of unity and strength.

PERSONAL GROWTH. Hams used to be interesting people to talk to. We could converse on diversified
subjects at length. Now too many of us appear to be overly involved in contesting and card-collecting — i.e.,
doing the same old thing all the time, when we should be advancing our knowledge, experimenting with
different modes, and searching for new frontiers.

Perhaps we can act an some of the advice offered by our readers and help improve the hobby.

Rich Rosen, K2RR
Editor-in-Chief

4 B may 1985



MFJ ACCESSORIES

300 WATT ANTENNA TUNER HAS SWR/WATTMETER, ANTENNA SWITCH, BALUN.
MATCHES VIRTUALLY EVERYTHING FROM 1.8 TO 30 MHz.

MFJ's fastest selling tuner packs in plenty of new features!

MFJ] VERSA TUNER I

TAANSAUTTEA
o AW

ANTENNS
u

IIOI'.‘I(\. MFJea1D

.

ey

IMDUCTOR ANTENNA
ELECTOR WA TCHING

« New Styling! Brushed aluminum front. All metal cabinet

« New SWR/Wattmeter! More accurate. Swilch selectable
300/30 watt ranges. Read forward/reflected power

« New Antenna Switch! Front panel mounted Select 2 coax
lines, direct or through tuner, random wire/balanced line or
tuner bypass for dummy load

* New airwound Inductor! Larger more efficient 12 position air-
wound inductor gives lower losses and more watts out. Run up
10 300 watts RF power output. Matches everything from 1.8 to

30 MHz: dipoles, inverted vee. random wires, verticals, mobile

99 k NEW wh||ps. belams t:l»aog;ed andtcoax lines g::;lll;in1? 13D?a|unhfor
$99.95 o0 FEATURES bestea s, 0% copteior soac Bk K7 bt
RTTY/ASCII/CW COMPUTER | POLICE/FIRE/WEATHER 1 KW DUMMY LOAD

INTERFACE 2 M HANDHELD CONVERTER MFJ-250 $39.95

Free MFJ RTTY/ASCII/CW softwars on tape and
cable for VIC-20 or C-64. Send and receive com-
puterized RTTY/ASCII/CW with nearly any per-
sonal computer (VIC-20, Apple, TRS-80C, Atari,
T1-99, Commodore 64, etc.). Use Kantronics or
most other RTTY/CW software. Copies both mark
and space, any shift (including 170, 425, 850 Hz)
and any speed (5-100 WPM RTTY/CW, 300 baud
ASCII). Sharp B pole active filter for CW and 170
Hz shift. Sends 170, 850 Hz shift. Normal/reverse
switch eliminates retuning. Automatic noise limiter.
Kantronics compatible socket plus exclusive general
purpose socket, 8x1%x6 in. 12-15VDC or 110 VAC
with adapter, MFJ-1312, $9.95.

S

Maximize 0 Q o
your antenna

performance! 359 95 MFJ-2028

Tells whether to shorten or lengthen antenna for
minimum SWR. Measure resonant frequency.
radiation resistance and reactance.

New Features: Individually calibrated resistance
scale, expanded capacitance range (1150 pf).
Built-in range extender for measurements be-
yond scale readings. 1-100 MHz. Comprehensive
manual. Use 9 V battery. 2x4x4 in.

INDOOR TUNED ACTIVE
roveD! ANTENNA

w! IMPRY  World Grabber' rivals
with higher G870 0 ceeds reception
of outside long wires! Unigue tuned Active
Antenna minimizes intermode, improves select-
ivity, reduces noise outside tuned band, even
functions as preselector with external antennas.
Covers 0.3-30 MHz. Tele
scoping antenna. Tune,
Band, Gain, On-off
bypass controls. 6x2x6 in
Uses 9V battery,9-
18 VDC or 110 VAC with
adapter, MFJ-1312, $9.95. MFJ-1020A $79.95

Turn your synthesized scanning ~ $39.95
2 meter handheld into a hot Polll:o/ 5= pMFJ
Fire/Weather band scanner!
144-148 MHz handhelds
receive Police/Fire on 154-
158 MHz with direct fre-
quency readoul. Hear

NOAA maritime coastal

plus more on 160-164 MHz
Converter mounts between
handheld and rubber ducky
Feedthru allows simultaneous
scanning of both 2 meters
and Police/Fire bands. No
missed calls. Crystal controlied. Bypass/Off
switch allows transmitting (up to 5 watts). Use
AAA battery. 2Vx1%2x1%: in. BNC connectors

MFJ/BENCHER KEYER
COMBO -

MFJ-422

$109.95
The best of
all CW worlds-
a deluxe MFJ Keyer in a compacl onfiguration
that fits right on the Bencher iambic paddle!
MFJ Keyer - small in size, big in features. Curtis
8044-B IC, adjustable weight and tone, front panel
volume and speed controls (8-50 WPM). Built-
in dot-dash memories Speaker, sidetone, and
push button selection of semi-automatic/tune
or automatic modes. Solid state keying. Bencher
paddle is fully adjustable; heavy steel base with
non-skid feet Uses 9 V battery or 110 VAC with
optional adapter, MFJ-1305, §9.95

VHF SWR/WATTMETER
mrJ-812 $29.95

Low cost

VHF SWR/
Wattmeter!
Read SWR

(14 to 170 MHz)
and forward/
reflected power S
at 2 meters. Has 30 and 300 watts scales. Also
read relative field strength. 4x2x3 in

= "f‘od‘

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO
OBLIGATION. IF NOT DELIGHTED, RETURN WITH-
IN30DAYS FOR PROMPT REFUND (LESS SHIPPING)
« One year unconditional guarantee = Made in USA,
= Add $4.00 each shipping/handling = Call or writs
for free catalog, over 100 products.

MF)

MFJ ENTERPRISES, INC.
Box 494, Mississippl State, MS 39762

More Details? CHECK — OFF Page 166

Telex 53-4590 MFJ STKV

Tune up fast, extend

life of finals, reduce S e
ORM! Rated 1IKWCW - oy
or 2KW PEP for 10 min-

utes. Half rating for 20

minutes, continuaus at

VRS -

200 W CW, 400 W PEP, ~——_ -~
VSWR under 1.2 to 30
MHz, 1.5 to 300 MHz
50 ohm non-inductive resistor. Safety vent
Carrying handle. 7:x6% in.
24/12 HOUR CLOCK/ ID TIMER
$19.95 NE
Switch to 24 \
Battery backup J
maintains time during power outage. (D timer
alerts every 9 minutes after reset. Red LED .6 inch
snooze function. Minute set, hour set switches.
Time set switch prevents mis-setting. Power out,
alarm on indicators. Gray and black cabinet. 5x2x
DUAL TUNABLE SSB/CW/RTTY
FILTER mrJ-7s2e $99.95
,_.-""-
3.0 0 O
The primary filter lets you peak noich
pass or high pass with exira s1eeo s
Auxiliary tilter gives 70 ,c notch &€
variable bandwidth
Constant outpu!
frequency contro
lets ears angd min
Plugs into pnone jac
Off bypass

0il contains no PCB N

MFJ-106 - ,
EW —t= /

12 hour format!

digits. Synchronizable with WWV. Alarm with

3 inches. 110 VAC, 60 Hz

Dual filters give unmatched penurmsnce'

Both filters tune from 300 to 3 !

impulse noise S

optiona

mnwo '.

T0 ORDER OR FOR YOUR NEAREST fr——e] |
DEALER, CALL TOLL-FREE WSE
800-647-1800. cai 501-323-5869

in Miss. and outside continental USA

» 106
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W FOR ANY AND ALL AMATEUR RADIO ITEMS
V4.0 1) (1 B8 .6 STORE BUYING POWER ASSURES TOP VALUE
0”” ET ¢ BIG, COMPLETE STOCKS. GET WHAT YOU WANT

WHEN YOU WANT IT.
* MORE SAVINGS BY FREE DELIVERY MOST ITEMS
KENWOOD @3[ICOM 4/ YAESU
PAY REGULAR PRICE OF IC-37A
$1599 YOURBEST220MHz | =~ FT-757GX
RECEIVE FREE EQUIPMENT BUY! BT Soore
AT-930 and MC-60A REGULAR 3449 freder
ANT. TUNER MICROPHONE SALE! $299.95 o /ﬁ;g"ém
Reg.$199.95 Reg. $79.95 TRANSCEIVER
SPECIAL BUY...
PLUS FREEUPS LIMITED QUANTITIES CALL FOR GREAT PRICES
KENWOOD €3 icoMm VAIRAGE
Sm= — - . AMPLIFIER
TW-4000A =TT v [ S8 [
PAY HEGULAR o, OO : MODEL BAND AMP INPUT OUTPUT PWR PRICE
PRICE OF A1015 gﬂ :;s ;&w 'Isl‘:l)"w 22»\ sa;w
$599'95 R-71A g?? W Yo M. oW g :2:9
RECEIVE FREE Son M B on e o e
ALL THE FOLLOWING SUPERIOR GRADE B3016 2M  Yes 30W 160W 174 $198
1) VS-1 VOICE SYNTHESIZER GENERAL COVERAGE S oH e Dwoow hx ah
$39 95 VALUE RECE'VER Ci012 220 Yes 10W 120W  20A $250
2) TU4-C SUB-AUDIBLE $39.95 VALUE Regular $799 gf;m ::3 :3 fov:v :go‘:v :{,‘,\ ::1;:
3) MA-4000 DUO-BAND MOBILE ANT -1 Remote Control for MIRAGE Amplfiers, $24
$44.95 VALUE PLUS FREE UPS SALE.’ 3629-95 h%:::&?:ﬁeﬁ?mﬁmgﬁx:sw
P HEas
@ SALE! W I o 105 o0
MA-40 40’ tubular

W-51 SALE $899 MODEL Regular $745
LM-354 SALE $1599 43 SALE! $549
IMMEDIATE DELIVERY THE LONG MA-550 55' tubular ¢,

(J TIME STANDARD | Wil handle 12 sa ft antennas
d win .
@ Tg SBTECKSALE! | FOR ACCURACY Encuine 41348 g
) = Y SALE! $899
NO WAIT :
_ SLUGS E 1l IN STOCK FOR
L IMMEDIATE DELIVERY
3-500Z | R@ 8877 ” CALL FOR INFORMATION
$99.95 $589.95 = MOST ITEMS IN STOCK ON ALL OTHER MODELS

FREE SHIPMENT e

UPS SURFACE (Continental U.S.) (MOST ITEMS)

Prices, specifications. descriptions subject fo changs without notice Cakf, and Arizona residents please add sales lax

6 [l may 1985 Tell 'em you saw it in HAM RADIO!



6 STORE BUYING POWER

IC-02AT
IC-04AT

AT GREAT LOW SUMMER PRICES

IC-2AT
IC-4AT /

IC-3AT

IC-3200A DUAL BANDER
COVERS BOTH 2 METERS and 70CM

- ICOM] R-71A ICOM
SUPERIOR GRADE
GENERAL IC-37A
COVERAGE
RECEIVER 220 MHz’s BEST BUY!
REGULAR $799 REGULAR $449
SALE! $629.95 SALE! $299.95
PLUS FREE UPS PLUS FREE UPS
[@a(icoM] ic-735 @- IC-751
A BRAND NEW HF TRANSCEIVER
g WITH ALL THE
FEATURES
THAT MAKE IT
A TRULY
OUTSTANDING TODAY’S MOST ADVANCED
BUY! TRANSCEIVER
caLL FOR PRICE AND INFORmATION | RSSUCAR @ AT E'J  CALLFOR
[€3(icon ]| HAND-HELDS LATEST ICOM| eprmion

CALL
NOW!

NEW!

CALL FOR PRICE
AND INFORMATION

SERVICE
BOB FERRERO, WERJ
Presicent

JIM RAFFERTY, N6RJ
VP, So. Cailif. Dvwv., Anafeim

Managers
4 |\f GEORGE WB8DSV, Buringame

. DON, N6IPE, Catland 800- 854-6046
g BOB, K7RDH, Prosnix
CALIF AND ARIZONA CUSTOMERS CALL OR VISIT NEAREST STORE

PHONE HOURS: 9:30 AM to 5:30 PM PACIFIC TIME.
STORE HOURS: 10 AM to 5:30 PM Mon. through Sat.

- GLENN, KENA, 5an Drego
AL, KEYRA , van Nuys

ANAHEIM, CA 92801
2620 W. La Palma,
(714) 761-3033, (213) 860-2040,
Between Disneyland & Knotts Berry Farm

BURLINGAME, CA 94010
999 Howard Ave

VISA l
(415) 342-5757,

5 miles south on 101 from San Francisco Airport

7 FREE SHIPMENT \

UPS SURFACE (Continental U.S.) (MOST ITEMS)

TOLL-FREE PHONE

INCLUDING ALASKA AND HAWAII

OAKLAND. CA 94609
2811 Telegraph Ave.,
(415) 451-5757,
Highway 24 Downtown Left 27th oH-ramp
PHOENIX, AZ 85015
1702 W. Camelback Road.

(602) 242- 3515,
East of Highway 17

/

OUTLET

SAN DIEGO, CA 92123
5375 Kearny Villa Road,
(619) 560-4900,
Highway 163 and Clairemont Mesa Boulevard

VAN NUYS, CA 91401
6265 Sepulveda Bivd

8,

(818) 988-2212
San Diego Freeway at Viclory Boulevard

More Details? CHECK — OFF Page 166
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ROBOT RESEARCH, INC
7591 Convoy Court
San Diego, California 92111
Phone (619) 279-9430

i —

Step aboard the Shuttle from your shack with the
world’s most advanced slow scan video system!

D YES | Tell me about how I can participate in
* SSTV aboard the Space Shuttle.

NAME . A __ CALL
ADDRESS | B o
CITY/STATE . Z1p




ELECTRO- SCAN 85

The most

trouble free

Dish Positioner on
the market today.

Features

* Economical

* Lock and Key

* 36 volt DC motor

* Precise positioning

* Analog Micro Systems

* 1 year limited warranty

* State-of-the-art circuitry

* LED to indicate dish movement

= Available in 18" or 24" ball actuators

* Modern, attractively styled control box

* Dial control always showing dish location
a Dial channels same as in program listings

Your wisest chq:ce in
automat:c dish pos:tfoners.

\
DIST. SALES (8459 North Main Strdet « Suite 112 « Dayton, Ohio 45415 « Phdne (513) 454.0232 \

More Details? CHECK —OFF Page 166 109 May 1985 [l§ 9




— For the Best —

HF, VHF, UHF, SSB,
FM, RTTY, PACKET,
CW, ASCIl & AMTOR

b . b & A A ¢

IC-37A 220 MHZ COMPACT MOBILE

25 Watts, 32 PL Frequencies Standard Built-in,
9 Memories with Offset and PL Storage, 10
KHz/5 KHz Dial Steps, Memory Scan, Band
Scan, and Priority Scan, Dual VFO's and
Standard HM-23 Touchtone

IC-27 A compacT moBILE

A breakthrough in 2-meter mobile communica-
tions! Most compact on the market (5'2"W x
1v2"H 7"D), contains internal speaker for
easy mounting, 25 watts, 32 PL frequencies,
scanning and touchtone microphone

/___

VISA
f== ]
8/84

. C & A ROBERTS INC.

18511 HAWTHORNE BOULEVARD
TORRANCE, CALIFORNIA 90504
(213) 370-7451 (Calif.) @ (800) 421-2258

4' LIGHTWEIGHT FLEXIBLE
ANTENNA ADAPTOR
CABLE

IC-02AT HanDHELD

The [C-02AT 2-meter LCD
readout handheld features 10
memories, 32 PL tones, scan-
ning keyboard frequency
entry, dial lock, 3W standard,
5W optional, DTMF

Bencher paooLe

This is the paddle that provides the perfect
interface between the CW operator and his rig.
Smooth, instantly responsive and fully
adjustable to suit your own touch. From the gold
plated solid silver contacts to the heavy leaded
steel base, it truly i1s the ultimate

NO RADIAL VERTICAL

THE R3 Fonr 10-15-20 METERS
L

REMEMBER WE SHIP
(UPS Brown - Cont. U.S.A.)

STORE HOURS: 10:00 a.m. - 5:30 p.m. MONDAY THRU SATURDAY

= 110
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THE 2-METER CHANNEL SPACING ISSUE MAY RESULT IN A CONFRONTATION that could leave Amateur
Radio with some bad long-term wounds. Repeater operators from the mid-~Atlantic and New
England states met March 2 to strongly endorse 15 kHz spacing not only for 146-148 MHz,
but even possibly for 144.5-145.5 MHz as well, thus picking up another six channels. 1In a
similar action southern California's 2-Meter Area Spectrum Management Association met March
23 to also endorse 15 kHz spacing across the whole band, despite serious interest in northern
California in shifting to 20 kHz as their neighbors in Oregon and Washington have done. By
their action the southern California group's decision puts them in direct conflict with Mexi-
can Amateurs, whose government has mandated 20 kHz on the 2-meter band. TIt's believed that
Mexican representatives who attended that meeting may even ask their government to lodge a
formal objection with the U.S. State Department.

20 kHz Proponents Seem Equally Determined In Their Choice, with Texas the latest in a num-
ber of western states to endorse the change. Michigan was the first state east of the Missis-
sippi to adopt 20 kHz, and it's under heavy pressure to reconsider. Alabama is reported to
have voted to implement 20 kHz by July 1, but Missouri opted to stay at 15 kHz at a February
meeting. Midwestern repeater representatives plan to meet at Dayton for further discussions.

Despite The FCC's Strong Desire For A National Coordinator, formalized in PR Docket 85-22,
the escalating I5 vs Z0 kHz conflict seems to offer little hope for simple or early resolu-
tion of the increasing number of repeater conflicts that led to that NPRM. Indeed, the FCC
may even be asked to endorse 15 kHz through a Petition for Rule Making. Such a move was
considered by the East Coast group at its recent meeting in support of 15 kHz. However, it
is hard to see how such a petition would find any support at all within the Commission, which
is trying very hard to get away from regulating details of Amateur operations. Furthermore,
in this case such an FCC mandate would put it in direct conflict with the Mexican government
and thus risk diplomatic repercussions.

AMATEUR RADIO PROBABLY WON'T FLY ON THIS SUMMER'S SPACE SHUTTLE, according to late word
from NASA. The official reason is problems of integrating the exotic Amateur equipment that
Tony England, WPORE, was to use on Flight 51F with shuttle equipment. Though strong last-
ditch efforts are being made to salvage the Amateur operation, at presstime it looks very
much like there won't be an Amateur operating from space this year.

AMATEUR RADIO VS CABLE TV IS YET ANOTHER CONFRONTATION that seems to be escalating. In
late February the FCC proposed in Mass Media Docket 85-38 that cable TV radiation limits be
relaxed by another 8 dB, to 50 microvolts per meter, and that various other restrictions
including the requirement tor annual system inspections be dropped. In view of the number
of Amateurs who've had problems with cable leakage interfering with their 144 or 220 MHz
operations, this proposal presents a real threat to Amateur Radio. Comments were due in
late March. Amateurs have a strong ally against the proposal in the broadcast industry.

Amateurs Have Been Shut Down Due To Cable Interference in two recent unrelated cases. In
the first, WB20TK/%4 was ordered off the air by the Engineer-In-Charge of the FCC Atlanta
Field Office for interference with the Greenville, S.C., cable system. FCC Amateur rule
97.73(d) on interference to other stations was cited, despite checks that showed the cable
system was so badly maintained that a 150 mW hand-held's signal caused problems for viewers.
The FCC inspected WB20TK's station but did not even contact the cable operator in an appar-
ent violation of the FCC's own rules requiring a cable system to take responsibility for
resolving interference problems. In the other case, WBANMA was shut down, again by the
Atlanta Field Office, for interfering with cable viewers in Gainesville, Georgia.

2-Meter Privileges Were Restored To Both Operators following the intervention of the ARRL
through its General Counsel Chris Imlay, N3AKD, However, the Commission's proposed cable
rules relaxation combined with the kind of FCC Field Office attitude that led to these two
cases could spell serious trouble for future Amateur Radio VHF/UHF operation.

BASH EDUCATIONAL SERVICES IS QUT OF BUSINESS. Writing to subscribers to his FCC Rules
Part 97 update service, Dick Bash, KL7IHP, stated that his FCC exam study materials business
had subsidized the rules updating service but, under the volunteer exam program, there was
no longer a unique niche in training for him to fill. Bash was very controversial for his
publishing of word-for-word correct answers to all FCC-administered Amateur exams.

A SUGGESTION THAT ARRL ASSUME CALLSIGN ASSIGNMENT RESPONSIBILITY is receiving some inter-
est in Washington, as the FCC looks at tighter budgets. Tt's Iikely, however, that cdllsign
responsibility would be delegated only as part of a total program that would include the
entire licensing function now done by FCC's Gettysburg facility.

THE ANTENNAS VS LOCAL RESTRICTIONS ISSUE seems to be heading toward an FCC Notice of
Proposed Rule Making, which will probably consider it from the private satellite dish view-
point. Just what this means for PRB-1 and Amateur Radio remains to be seen.

NEW WARC BAND AVAILABILITY HAS BEEN DELAYED by at least three months. An extension of
the Reply Comment period, requested by the Personal Radio Steering Group, bumped expected
action on the 10, 24, and 902 MHz bands off the FCC's first quarter agenda. The PRSG is
believed to be pushing for allocation of part of 902-928 MHz to a Personal Radio Service.

A NATIONAL VEC NET IS OPERATING on 20 meters Sundays, starting at 1700Z. The 40-meter mid-
western VEC net has moved to 1800Z, still on 7280 kHz. DeVry is now officially a national VEC.

May 1986 1"



Nothing matches the MACC

in voltage surge protection
and component-by-component
on-off control

¢ compact, attractive desk-top
console

s eight clean AC power outlets

s individual and master on-off
control

* superior three-stage auto-restore
circuit with manual reset circuit
breaker

= individually lighted rocker
switches

Lightning striking miles away, elec-
tric motors running on the same
power line, fluorescent lighting and
even wind-driven snow static
buildup can cause problems with
delicate circuits and miniature elec-
tronic chips. But the MACC, within
nanoseconds, can recognize the cur-
rent disturbance, then clip it off
and dissipate it, while maintaining
clean current flow to your system's
equipment. The MACC protects all
semi-conductor, solid-state circuitry.

The MACC is designed with three
2000-amp surge discharge protec-
tion circuits — one between each
of the AC input’s hot, neutral and
ground lines. Other surge devices
may use a single 100-amp surge
protector between the hot and
neutral lines only. Its resettable cir-

cuit breaker adds further protection.

» m

MACC gives you control conve-
nience, too. It provides 8 plug-in
“U" ground outlets for your com-
ponents — including one “hot”
outlet for a continuously powered
application such as your clock.
Seven "on/off" rocker switches let
you control individual components.
And you can turn your entire
system on or off with a single
master rocker switch.

ALPHA DELTA'S MASTER AC
CONTROL CONSOLE PROTECTS
AGAINST ALL THESE
DAMAGING SURGE PROBLEMS

Problems caused in circuitry by

surging and transient voltages:

* Melting of "hot spots” within
semi-conductor devices

e Thermal runaway of transistors

* Welding. pitting and metal
transfer on switch contacts

e Switch contact corrosion

* |nsulation breakdown causing
arcing of components

* Shortening of component life

The MACC is tested to |IEEE pulse
standards and rated at 15A, 125V-
AC, 60 Hz, 1875 watts continuous

ALPHRA.DE

P.O Box 571, Centerville, Ohio 45459 e (513) 435-4772

duty total for the console. A label
on the unit describes the surge pro-
tection limitations.

MACC Specs

Alpha Delta Master AC Control
Console

Amperage 15

Volt (AC) 125

Hertz 60
Total
Wattage 1875
Size .
MACC 11" x 2-3/4" x 2-3/4"

MACC-4 5-1/2" x 2-3/4" x 2-3/4"

Shipping
Weight 4-1/2 Ibs. approximately

Alpha Delta Model MACC Systems
are designed to reduce the hazards
of lightning-induced surges. These
devices, however, will not prevent
fire or damage caused by a direct
stroke to an AC line or a structure.
Specifications, availability and price
are subject to change without
notice.

Warranted against defects in
materials or workmanship.

COMMUNICATIONS, INC.

current solutions to current problems
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MACC only $79.95
MACC-4 only $59.95

At your Alpha Delta dealer. Or in U.S., order direct, add-
MasterCard | ing $4 for postage/handling to check or money order.
(Approx. shipping wt.: 4-1/2 Ibs. each) MasterCard and
VISA accepted. Ohio residents add Sales Tax. Sorry

VIsA
I o C.0.D.'s

The MACC is unique in voltage
surge/transient suppression and
convenient, desk-top individual
component control. Nothing
matches the MACC in value and
performance. Put one on duty on
your AC line.

The MACC-4 is a four clean-line output
version of the MACC with all the same
features. It gives you a cost- and space-
saving solution for your application,
without sacrificing performance. Rated a
full 1875 total wattage. Includes master
rocker switch, three independently switch-
able lines, one “hot" line and resettable
circuit breaker,



ATDAMIAS

o1 PRECISIO.

vew and Used E

Sales ® Sej

blﬁunnua,

Electronic
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Test Equipment
® Leasing

‘EPolaroid DS-34

Now you can get an instant
picture in black & white or color
from any oscilloscope screen.
Includes CRT hood.

*Large hoods also available to fit
computer terminals and CAD/

CAM screens.
$369.00

POWER SUPPLIES

GLOBAL SPECIALTIES
TRIPLE OUTPUT POWER SUPPLY

$198.00

Fully regulated triple output
Fixed 5VDC, 1A

V1 +5VDCto 18 VDC 5A

V2 -=5VDCto 18 VDC 5A
Fully automatic current limiting

MODEL 1301

ﬁj— ELECTRO INDUSTIII! INC

M= DC POWER
SUPPLY

3125.00

.ﬁ.J
MODEL annzuu 30 VOG/0-2A

MODEL 1650

PR ripLE OuTPUT

POWER SUPPLY

$319.00

Functions as three separate
supplies

Exclusive tracking circuit

Fixed output 5 VDC, 5A

Two 0 to 25 VDC outputs at 0.5A
Fully automatic, current-limited
overload protection

+ and — terminals of each output
are fully isolated, in all modes
All three outputs may be con-
nected in series or parallel for
higher voltage or current

PROBE
P- masren Oscilloscope Probes
MODEL ATTENUATION BAND WIDTH (MHZ) PRICE
2904 10X 100 $35.00
2901 10X/1X 100/5 $39.00
2205 10X 250 $59.00
2960 10X 60 $30.00

Audio Sine/Square |- .
Wave Generator
® Distortion from <0.03%
® 10 Hz to 1 MHz

$259.00

tT

LAG-120B

o1 PRECISION

FUNCTION
GENERATOR

MODEL 3010 $189.00

Sine, square and triangle output

Variable and lixed TTL outputs

0.1 Hz to 1 MHz in six ranges

Typical distortion under 0.5% from 1 Hz to 100
KHz

® Variable DC offset

e VCO input for sweep tests

\IZ

MULTI-

FUNCTION

MODEL WD-755

® 5 Hzto 125 MHz 3259_00
& 8 Digit LED Display

o Period Measurement 5 Hz to 2 MHz

® Totalizes to 99,999,099 Plus Overflow

® Frequency Ratio Mode

e Time Interval Mode

e Swilchable Attenuator & Low Pass Filter

VARIABLE
TRANSFORMER

$145.00

MODEL 3PN1DTOV

RAG CARRIES THE COMPLETE STACO
VARIABLE TRANSFORMER LINE

CALL US WITH YOUR REQUIREMENTS.

DIGITAL CAPACITANCE METER
& DBaltery operated

S Bt e e
e (0.2% basic accuracy
L GLOBAL
MODEL 3000
$139.00

CALL US TOLL FREE

1-800-732-3457

IN CALIFORNIA TOLL FREE

1-800-272-4225

RAG ELECTRONICS, INC. /21418 Parthenia Street/ Canoga Park, CA91304 / 1-818-998-6500

B Master Charge
B VISA®COD

B Money Order
W Chack

COD's extra (réquired 25% deposit) over $1000.00

ADD FOR SHIPPING AND INSURANCE
$010%25000................... 94,50

$251.00 to $600.00 .$6.50
$501.00 1o $750.00 $8.50
$751.00 to $1000.. ., .$1250

. $1500
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omract! PORTABLE OSCILLOSCOPES

Model V-212 shown

MODEL V-212 $461.00 Model V-1050F shown

DC to 20 MHz, 1 mV/div, Dual Trace
Features 6" Rectangular CRT
Full 2 year parts and labor warranty (w/two MODEL V-1050F S ] 275 00

X protes. DC to 100 MHz, .5 mV/div, Quad Trace, Delayed
3535 [m Sweep, Full T.V. Triggering, alternate time base

MODEL v-222 . (w/two X10 probes)

DC to 20 MHz, 1 mV/div, Dual Trace, D.C. offset for

DMM Output, Verticle Mode Trigger

: MODEL V-650 $956.00
8" CRT: (w/two. X1/X10 proties). DC to 60 MHz, 1 mV/div, tripple trace, delayed sweep,

Full T.V. Triggering, variable trigger hold-off
MODEL V-422 $694.00  (wiwo x10 probes)
DC to 40 MHz,

other features same as V-222 (w/two X1/X10 probes)

[ 4F=). PORTABLE OSCILLOSCOPES

5.3

i « ‘ " e — P R NF-
. . i . b e

MODEL $8-5705 $899.00

DC to 40MHz MODEL 5711 S 6595.00
Vertical and horizontal deflection DC to 100MHz (typically over
3535 U[] accurate within £2%. CRT accelera- 120 MHz), 5 mV/div, True 4 channel
MODEL 88-5702 ' tion voltage 12KV. 3 channels, input, eight trace, Delayed sweep,
DC - 20MHz, 5 mV/div 6 traces. High precision calibrator alternate time base, CRT acceleration
Dual trace (£1%). Fastest sweep rate: 10 ns. voltage 20 KV, (w/saddle bag, front
6 inch rectangular internal graticule e High sensitivity 1 mv/div cover, 2 ea. X10 probes).
CRT. ® CH1 signal output
Includes 2 each X1/X10 probes and ® Beam finder
full factory warranty; 2 years on parts, e Delayed sweep MODEL 5711D B} 2495.00
labor and CRT. e Alternate time base ‘5711 with counter and DMM).
e 2 ea. X1/X10 Probes e
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EXCELLENCE
1984

EIMAC celebrates its 50th Anniversary
with an extensive line of
FM Broadcast Cavity Amplifiers.

Varian EIMAC celebrates 50
years of service to the broad-
cast industry with a spectrum of
FM from a powerful 60 kW to a

mini power 150 W solid state IPA.

The cost-effective path
to a modern FM transmitter.

No one knows more about
broadcast tubes and cavities
than EIMAC. Our strong cavity
development capability reduces
RF engineering problems.
EIMAC cavities are inexpensive
and simple to use.

16 May 1985

For more information call or
write Varian EIMAC or contact
any Varian Electron Device
Group sales office worldwide.

EIMAC FM BROADCAST CAVITY

PRODUCT LINE
POWER | CAVITY EIMAC TUBE
60 kW CV-2230 4CX30,000G
30 kW CV-2202 4CX20,000C
25 kW CV-2200 4CX20,000A
15 kW CV-2210 4CX12,000A
10 kW Cv-2228 ACX7500A
5 kW Cv-2225 4CX3500A
1.5 kW Cv-2220 3CX1500A7
150 W | AM-2215A | Solid State
» 113

Varian EIMAC

301 Industrial Way

San Carlos, California 94070
Telephone: 415-592-1221

Varian AG
Steinhauserstrasse
CH-6300 Zug, Switzerland
Telephone: 042-23 25 75

varian

Tell ‘'em you saw it in HAM RADIO!




When we set out to make the best amateur radio

So we designed the RC-850 Repeater Controller, the industry's top of the
line repeater control system. Now in it's “third wave” of innovation, thanks 1o its
designed tor the future architecture and new software releases.

The ‘850 defines the industry standard in repeater control systems.

« Fully remotely programmable with Touch-Tone commands or computer

terminal

Front panel LED display, or terminal based display

Over 300 word customized male and female speech synthesis vocabulary
Time/day of week Scheduler with 10 set-up states, 30 changeovers and
evenls, over 100 scheduled items for hands off operation and automatic
reminders

Full or hall duplex autopaltch, autodial (200 numbers), emergency autodial,
reverse aulopalch, antidialer, toll restnct including lelephone exchange
lables, supports remote and multiple phone lines

Informative remotely programmable ID's (17), taill messages (13),

bulletin boards (5)

16 channel voice response analog metering, automatic storage of
min/max values on each channel, values may be read back on command
or may be included in any programmable messages

Supports synthesized remote base transceivers and full duplex links
Individual user access codes 1o selectable features

Mailbox for user-to-user, and system-to-user messages

Paging - two-tone, 5/6 tone, DTMF, CTCSS, HSC display, GSC digital
display, user commandable and may be included in programmable
messages (1.e. alarms)

Logical o physical YO mapping and internal “toolbox™ lor easy
customizing of the conlralier 1o meet your needs and minimize external
wiring

Easy hookup o any repeater

Qur new Digital Voice Recorder lets you remately record ID's, 1ail messages
and vanous other response messages for automaltic playback through your
repeater. Audio is stored digitally with no-compromise reproduction quality in
up to eight megabits of memory. The DVR can support up 1o three independent
repeaters for a low per-channel! cost. lts Touch-Tone activaled voice mailbox
lets your users easily record messages for other users when they aren’t around

QST: Attention All Hams

If you own a shack, you should know about ShackMaster™

ShackMaster lets you carry your home station with you in the palm of your
hand It acts as your gateway o the world, linking your handheld
transcewver to your high performance HF station. Now, instead of your
valuable home equipmenlt being available 1o you 1% of the time,

ir's available 99% of the time! Whether around the house, in the yard,

or across town, ShackMaster lef's you take it with you

But that's just parl of ShackMaster's story Il lels you communicate

with the family by handling third party tralfic - its electronic mailbox and
intercom let you keep in fouch. And a simplex palch lets you place
important calls directly through your home phone

L N

Crossband linking = VHF/UHF to HF
Telephone access to your home station
BSR Home Control interface

Electronic Mailbox

ShackPatch™ intercom into the shack
PersonalPatch™ simplex autopatch

advanced
computer

More Details? CHECK —OFF Page 166

equipment in the world, we had some pretty tough
standards to live up to ...

... yours

... and ours.

It your repeater budget can't afford the ‘850, we offer the

RC-85 Repeater Controller, which we like to call the "second best
repeater controller in the world”. It's a scaled down, simplified version of
our '850, but overall, it offers more capability and higher quality

than anyone elses control equipment at any pnce

Remotely programmable with Touch-Tone commands

Over 175 word customized male speech synthesis vocabulary
Selectable "Macro sets” for easy confrol operator selection

Autopatch, autodial (200) numbers, emergency autodial, revetse patch
Remotely programmable informative ID's (7). tail messages (3)
bulletin board (2)

Supponts synthesized remole base transceiver, control receiver, alarm
Selectable, informative couresy tones

Talking S-meter, Two-tone paging

Easy hookup to any repeater

For those who like to “roll their own", we can get you off to a rolling start with
our ITC-32 Intelligent Touch-Tone Control Board Much more

than just a decaoder, it's a mini-control system of its own, with the basic
repeater and remote base functions built-in. And it can be tailored by you
with its Personality Prom

e 28 remotely controllable latched or pulsed logic outputs

e 4 alarm or remote sensed logic inpuls

o Response messages to confirm command entry

e Repeater functions including COR, IDer, timers, courtesy tone, elc
e Remote base functions including control of synthesized transceiver

® Remotely recordable, variable length audio tracks,
accessed from controller messages
e Top quality, no compromise audio reproduction
e Supports up lo three repeaters for cost effective installation
@ Expandable 1o roughly 6 minutes of speech in B megabits of memory
e Easy interface to RC-850, RC-85 controllers, or to any stand-alone repeater

All our products are designed and manufactured with industral grade
reliability. Little things that many people don't notice, like machine

contact IC sockets for all ICs, gold on gold signal connectors,

figh performance CMOS for minimum power drain, and transient supression
And the products are documented with high quality, easy 1o read manuals
Qur goal 15 10 advance the state of the repeater art. But most of all,

our products put the FUN back into the FUN MODE!

To order one of these advanced control products, call 408-749-8330 and
speak with Tim or Catherine, Visa and Mastercard accepted

Technical manuals are available for purchase and the amount paid is applied
as a deposit on the equipment For specifications and a copy of our ACC
Notes newslefter, just write or send in your QSL card 1o

controls, inc. 10816 Northridge Square ®  Cupertino, CA 95014 (408) 749-8330
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stacking Yagis
IS a science

Determining

E/H plane patterns
results in

optimized performance

Several years ago | began a project designed to
develop a means of determining gain of a particular
144 MHz Yagi. Knowing that number, | would be able
to calculate the aperture. Once the aperture was
known, | would know the correct stacking distance
and would then be able to build the perfect 144-MHz
array.

As one might expect, things didn’t quite work out
as planned. But eleven years and seven EME arrays
later, | believe | have found an improved method of
determining the optimum stacking distances for mufti-
ple Yagi VHF and UHF arrays.

what is optimum stacking?

"Best array performance’’ is a matter of opinion, and
depends on how the antenna is used; an array can be
optimally stacked, for example, to deliver maximum
gain, or for a controlled azimuthal pattern that pro-
duces a deep null in the direction of interference. This

table 1. Typical temperatures of “‘objects” at 144 MHz
and 432 MHz.

144 MH:z 432 MHz

object degrees K degrees K
cold sky 175 10
hot sky 3,200 190
earth 290 290
arcing power line 100,000 6,000

18 B Mmay 1985

article primarily addresses Yagi stacking for use in EME
(Earth Moon Earth or moonbounce) communications.
However, this technique is also appropriate for other
space communications applications such as satellite
communications and radio astronomy. It could also
be used for land-based communication requiring high
gain such as tropospheric scatter.

For EME and other weak-signal VHF/UHF work,
optimum stacking distance can be defined as that
distance which yields the greatest array gain versus
lowest array temperature. Used by professional space
communications engineers, this definition refers to
maximizing the G/T ratio. With Yagis, the best G/T
usually never occurs at the distance which yields maxi-
mum stacking gain. It normally occurs at significantly
closer spacing. In simpler terms, optimum stacking dis-
tance is that stacking distance which yields the
greatest array gain increase while simultaneously keep-
ing all sidelobes at an acceptable level.

the effect of antenna temperature

Several good sources of information are available
for those unfamiliar with the concept of antenna tem-
perature.’? To review, antenna temperature is the
temperature of the object at which the main lobe of
the antenna is pointed — i.e. the Earth, Moon,
Sun, hot sky, or cold sky. However, if the array has
sidelobes of significant area and amplitude, unwanted
noise can be picked up from noise sources in the direc-
tion in which the sidelobes are pointed. This unwanted
noise reception will increase the net antenna temper-
ature. (Table 1 lists typical temperatures of several
“objects’ at 144 MHz and 432 MHz.) A 432-MHz array
with large sidelobes pointed at the Earth will suffer a
significant receive signal-to-noise loss because of the
reception of Earth noise; likewise, a 144-MHz array
with sidelobes directed toward a hot sky or a leaky
power line will experience a similar degradation in
receive performance.

By Steve Powlishen, K1FO, 816 Summer Hill
Road, Madison, Connecticut 06443
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fig. 1. Antenna aperture and shadowing effect.

As a point of reference, commercial satellite Earth
station antennas that use parabolic dish antennas with
Cassegrain or Gregorian subreflector systems have an-
tenna temperatures as low as 18 degrees K. In com-
parison, an Amateur dish using a simple dipole or horn
feed at 432 or 1296 MHz has a typical antenna tem-
perature of 65 degrees K, while a 16-Yagi 432-MHz
array with the Yagis spaced for maximum gain may
have an array temperature over 170 degrees K (or even
worse if low-loss phasing lines are not used). Con-
versely, stacked 432-MHz EME Yagi arrays incorpora-
ting optimized stacking distances have been built to
provide array temperatures lower than 85 degrees K
— including phasing line losses. These antenna tem-
peratures were measured by pointing the antenna at
the Earth and then at the cold sky and comparing the
noise ratios. The noise contribution due to the receiver
can then be factored out if the receiver system noise
temperature is accurately known. The significance of
the lower array temperature cannot be overstated. If
we assume a high performance receiver with a 0.45

dB system noise figure, lowering a 432 MHz array
temperature from 170 degrees K to 85 degrees K re-
sults in a receive signal-to-noise improvement of about
2.3 dB or almost the equivalent of doubling the array
size! These results have been obtained using standard
Yagi designs such as the NBS Yagis and the K2RIW
19-element Yagi. | expect further improvements can
be obtained when Yagis designed with best G/T in
mind are available to Amateurs.

methods of determining
optimum stacking distances

There are three methods of determining optimum
stacking distances. The first method to be examined
briefly, is based on classic antenna theory. The
second, which will be emphasized, is experimental.
Computer analysis, currently used by the professional
community is the third, and will not be discussed here.
With programs for Yagi analysis now readily available
to the Amateur, it is hoped that the more mathemati-
cally inclined and computer-knowledgeable Amateurs
will carry on where this article leaves off and extend
computer modeling to include optimum stacking.

The concept of antenna directivity, (fig. 1), put forth
by Kraus® and introduced to Amateurs by Orr and
Johnson,* holds that all antennas have an effective
capture area, or area around the antenna that
“captures’’ or extracts the electromagnetic energy
from space. The higher the gain of the antenna, the

Four 12-element LPYs stacked on a telescoping H-frame.
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larger the area from which energy will be extracted.
Behind the antenna there will be a shadow area, or
space where the field strength of the incident wave
is reduced in magnitude. (This concept is analogous
to putting an object in front of a light source and
creating a shadaw behind it.) In mathematical terms
the capture area is directly proportional to gain and
is defined in eq. 1.

Agm = 0.13+104Bd/10 (1)

Where A,,, is the effective capture area in wave-
lengths squared and dBd is the gain of the antenna
in decibels over a half wave dipole. For antennas such
as Yagis, which have an elliptically shaped aperture,
the size of the effective aperture will be slightly dif-
ferent between the E and H planes. The aperture
dimensions in wavelengths squared can be calculated
by using eqs. 2 and 3.

Ay =2 [ AembE (2)
wely
= .i@ﬂ.ﬂli’i,
Ap =2 | melg (3)

Where Ag is the E-plane aperture dimension, Ay is
the H-plane aperture dimension, 8¢ if the E-plane half
power beamwidth, and 8 is the H-plane half power
beamwidth.

There are two problems with using these formulas
to calculate stacking distances. First, an antenna’s
aperture is not an ellipse with a clearly defined
boundary, with radio waves being extracted on one
side of the boundary and nothing happening on the
other side. Instead, an antenna progressively extracts
less and less energy from space continuously. In addi-
tion, the half power beamwidths of an antenna are
merely a point on the field strength gradient of the
antenna. Therefore, proper stacking distance becomes
a question of determining where two unclearly defined
volumes separate. It is not a solid boundary like a brick
wall.

The second problem, largely self-inflicted by Ama-
teurs eager to believe they could defy the laws of
physics and discover something that antenna engi-
neers could not, is that of believing inflated gain figures
produced by both Amateurs and some manufacturers
of Amateur antennas. (in defense of Amateur equip-
ment manufacturers, their claims are restrained in
comparison to their CB and home TV counterparts).
Using these optimistic gain claims, which in some
cases are typically 3-dB high, leads to arrays which
have grossly oversized stacking dimensions. The gain
figures shown in the recommended stacking distance
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fig. 2. Four stacked 12-element Swan 2-wavelength LPY
array E-plane pattern with 10-foot {1.5 wavelength) E and
H-plane spacing.

fig. 3. Four stacked 12-element Swan 2-wavelength LPY
array E-plane pattern with 12 foot 0 inch{1.76 wavelength)
E-plane and 11 foot 4 inch (1.66 wavelength} H-plane
spacing.

table (table 2) represent hundreds of hours of anten-
na measurements | have performed, the compilation
of data from ten years of antenna gain contests, and
finally, computer analysis of almost all the antennas
listed in the table. The result is a listing of gain figures
closer to reality, | believe, than anything previously
available. (For further discussion of how much gain
can be expected from a given boomlength Yagi,
reading DL6WU's article is suggested.)®



measuring antenna gain

As part of my experiments to measure antenna gain
and determine proper stacking distances, a telescoping
H frame was constructed on my 60-foot (18.3 meters)
tower to measure the 144-MHz antenna. This arrange-
ment allowed for rapid placement of Yagis along with
a simple method of adjusting the spacing to any
separation of up to 16 feet (4.9 meters). A smaller
frame (6 feet/1.9 meters} was used to measure the
432-MHz Yagis.

The next step was to figure out a relatively accurate
means of making pattern measurements. Over the
years | tried a variety of measurement technigues,
including use of strip chart recorders, spectrum ana-
lyzers, and RF voltmeters. Out of all this came a
relatively simple and reasonably accurate method
that is within the reach of most serious VHF/UHF
experimenters.

The basic requirements for pattern measurement
are:

® an accurate direction indicator;

* areceiver with a calibrated signal strength indicator;
and

* a signal source located so as to minimize reflection
problems.

Satisfying each requirement was surprisingly sim-
ple. The direction indicator | used was a selsyn

readout* with close to 1 degree accuracy. Alternative- ‘

ly, the digital readout system using 10 turn pots and
popularized by many EMErs® could be used. The avaii-
ability of signal generators such as the Hewlett-
Packard 608 series (or their military counterparts, the
TS-510 series)* solves the receiver calibration problem.
My method of measurement consisted of connecting
a digital voltmeter (DVM) to the AGC (automatic gain
control line) of the station receiver (an R-4C and TR-7].
Care must be taken to keep signal strengths high
enough above the noise (floor) to eliminate signal-to-
noise plus noise ratio correction problems. The signal
level must not be so high that it causes gain compres-
sion problems. The quick way to get a pattern was
to run the antenna through 360 degrees while re-
cording the AGC voltage readings on the DVM. The
antenna was then replaced with the signal generator
and the AGC readings were converted to a dB scale.
(A 10 dB attenuator was placed between the converter
and antenna or signal generator to eliminate im-
pedance problems.) This “calibration” of the receiver

*Available from Fair Radio Sales, P.O. Box 1105, Lima, Ohio 45802

was done after every measurement to eliminate
receiver gain drift errors.

The signal source presented the trickiest problem,
but again a simple solution was found. A number of
signal sources were tried including locating signal
sources in my back yard, in the woods about 1000 feet
(305 meters) away, and at a local ham’s QTH about
2 miles (1.3 km) away. All of these solutions gave
marginally repeatable results. That is, an antenna
would look different from day to day and from source
to source. Because | believed the problem to be reflec-
tions from various objects, | decided to try a signal
source located above the clutter. My location at that
time was 105 feet (32 meters) above sea level. The
antennas were located at 65 feet (20 meters), well
above the nearby trees. My location was surrounded
by hills up to 1200 feet (366 meters) high, 10 to 12 miles
{16 to 19.2 km) away. The ground between my loca-
tion and the hills dropped in elevation, which made
the tops of the hills a completely clear shot at about
a 0.5 degree elevation angle. A fellow ham located on
one of the hills was called upon; by using high gain
source antennas {stacked 3.2 wavelength NBS Yagis
on 144 MHz and RIW19s on 432 MHz), repeatable
pattern measurements became a reality. After per-
forming many measurements | was able to “calibrate”’
my range such that | could see how different anten-
nas gave the same false lobes or left to right un-
balance. The patterns shown in this article have been
cleaned up to eliminate known range errors. Various
NBS antennas were constructed and their patterns
measured. My measured patterns correlated very well
with the NBS published patterns and offered proaf of
the method’s validity.

It was also found that accurate relative gain meas-
urements were possible. Gain measurement calibra-
tion was made by putting two identical antennas on
the frame and measuring the relative signal level be-
tween them. The antennas were then switched in posi-
tion and the measurement repeated. In this manner
any differences in signal strength could be factored
out before a test antenna was measured. Results were
found to be repeatable to within 0.2 dB over the two-
year period the gain tests were made. A similar method
was used to measure the gain increases to be had from
stacking antennas.

the effects of antenna spacing

To get an indication of what happens when the
spacing of Yagi arrays is changed, an array of four
12-element LPY {log periodic Yagis, as introduced by
Oliver Swan and later produced by KLM) was set up
on the telescoping H-frame. Pattern measurements
were made at one foot (0.3 meter) spacing increments
from 10 feet {3.0 meters) up to 16 feet (4.9 meters)
(1.4 to 2.3 wavelengths). The resultant patterns are
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typical of all two-wide Yagi arrays. As the spacing be-
tween Yagis is increased, the main lobe beamwidth
narrows, the sidelobes increase in amplitude and the
nulls get much deeper. The E-plane pattern at 10 feet

180

fig. 4. Four stacked 12-element Swan 2 wavelength,
144-MHz LPY array E-plane pattern with 14 foot 4 inch
(2.1 wavelength) E and H-plane spacing.
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(3.0 meters), 12 feet (3.7 meters) and 14 feet 4 inches
(4.4 meters) spacings is illustrated in figs. 2, 3, and
4, Looking at the sample patterns, it can be seen that
the beamwidth of the first sidelobes is close to that
of the main lobe for each spacing and that its ampli-
tude increases rapidly at larger separations. Other
minor lobes start to have significant amplitudes at the
greater separations.

The question of which distance is the proper one
still remained to be answered. Gain and individual pat-
tern measurements on the 12-element LPY indicated
an actual gain of about 11.2 dB over a half-wave dipole
(dBd). By using eq. 1, 2, and 3 (single antenna pattern
of 36 degrees E-plane by 40 degrees H-plane), stack-
ing distances of 10 feet 8 inches E-plane (3.3 meters)
9 feet 7 inches (2.9 meters) H-plane were calculated.
The 10 foot 8 inch (3.3 meter) E-plane spacing gave
a pattern similar to fig. 2, but with first sidelobes down
14 dB. Next relative gain measurements were at-
tempted between one and two antennas. Resultant
gain curves showing stacking gain versus spacing are
shown in fig. 5. The general shape of the curves are
similar to those given in the now-famous NBS
Technical Note 688,7 (fig. 6) except | did not see any
gain decrease as the spacing was increased to large
distances, only a flattening of the gain curve. | also
saw an apparent larger gain increase in the E rather
than the H-plane. This is again indicated in NBS Note
688. As illustrated in fig. 5, the knee in the gain in-
crease occurs at about 2.7 to 2.8 dB in the E-plane
and at 2,5 to 2.6 dB in the H-plane. (When phasing
line losses are factored out.)

Next, | attempted to relate first sidelobe levels to
position on the gain increase curve and found that the
gain increase started to flatten out when the first side-
lobes were — 12 to — 13 dB down. It should be pointed
out that at the time these measurements were made,

Four 17-element, 3.2 wavelength NBS Yagis stacked on an
H-frame,



WITH PRIVATE PATCH Il YOU SPEND
YOUR TIME COMMUNICATING . ..
NOT WAITING TO TAKE CONTROL

PRIVATE PATCH Il allows communications to pro-
ceed back and forth as rapidly as on a telephone.
There is no waiting for sampling circuits to acquire
each time the mobile transmits.

The PRIVATE PATCH Il VOX system offers a substantial improve-
ment over sampling autopatches in time spent waiting for control!

EXAMPLE: Suppose you made 10 phone calls — 9 completed, 1
busy — assume the completed calls average 20 talk exchanges
each, 180 total.

You would spend 360 seconds (6 minutes!) waiting for control if
you were using a sampling patch that samples every two seconds
(180 waits x 2 seconds = 360 seconds). It is a severe incon-
venience to have to press the button for a seeming eternity before
you can be heard on each and every mobile reply.

With PRIVATE PATCH |l there is no lost time waiting for control on
all 9 completed calls. However, the busy call would cause a 15
second wait for the control interrupt timer to return control to the
mobile.

SUMMARY
CONTROL WAITS TIME WAITED
Private Patch Il 1 15 seconds
Sampling 180 6 minutes

If the sampling patch has a circuit that “slows the sample rate
when telephone audio is present,” the speed of acquisition is
made even slower. The wait time increases, and the phone party
can say perhaps 25 or more words before they can be cut off.

WHY LAND MOBILE PROFESSIONALS AVOID
SAMPLING PATCHES. ..

The majority of radios on the market (especially synthesized and
relay switched types) do not T/R quickly enough to give accep-
table results. Often engineering level modifications are required
to improve T/R response time.

The slower the T/R response time, the longer the sample must
last. And of course no telephone audio is heard during the sam-
ple. Just noise. The result is lost words and syllables which are
proportional to T/R response.

Acquiring and maintaining control (in order to communicate)
becomes erratic when the mobile is less than full quieting. This
causes a severe loss of range.

The base station radio can not be equipped with a linear
amplifier, and operation through repeaters (that have hangtime)
is not possible with a noise sampled patch.

VOX autopatches overcome each of these shortcomings. In fact,
nearly all simplex patches sold in commercial service are the
VOX type.

Could these be some of the reasons that the competition refers
to their VOX patch as “our favorite commercial simplex patch™?

FORGET AMATEUR GRADE SAMPLING AND STEP UP TO A
COMMERCIAL GRADE PATCH. PRIVATE PATCH II!

» 116

AEROSPACE LEVEL QUALITY

FEATURES

« CW ID (free ID chip) = Selectable tone or pulse dialing * User pro-
grammable toll restrict = Five digit access code = Ringback (reverse
patch) = Busy channel ringback inhibit (will not transmit on top of
someone) * Threelsix minute “time-out” timer is resettable from the
mobile ¢« Modular phone jack and seven foot cord ¢ Available in
12 VDC or 115 VAC version

ALSO
+~ 14 day return privilege — when ordered factory direct.
+~ One year warranty — compare to their six months.
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very wide spacing was very populfar and many Ama-
teurs, including myself, thought the NBS report with
its relatively close spacings was in error. The correla-
tion between my measurements to the NBS curves
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was truly amazing, especially considering that | was
intent on proving NBS wrong.

The additional rule of thumb used by Amateurs was
to stack Yagis so that the first sidelobes were 13 dB
down. This seemed to correspond to where the gain
increase curves flattened out; however, when the side-
lobes were — 13 dB, the main lobe was less than one
half that of a single antenna. When [ attempted to find
out where the — 13 dB rule of thumb came from, the
only explanation | could find was that two sidelobes
at — 13 dB were, in total, — 10 dB from the main lobe
and anything 10 dB down (or 1/10 amplitude) was in-
significant. This seemed plausible except that the H-
plane should have a pattern similar to the E-plane —
and if it also had two sidelobes 13 dB down (with
similar beamwidth to the main lobe), the sum of just
those four lobes would be —7 dB relative to the main
lobe or 20 percent of the amplitude of the main lobe.
Thus if all four sidelobes were looking at noise sources
10 times stronger {in reality, it is not very likely all the
sidelobes would be facing similar noise sources) than
the background noise the main lobe was looking at,
the array would suffer a 6 dB signal-to-noise loss on
receive.

improving a 144-MHz EME array

With this information in mind, 1 began to look at the
144-MHz EME array | was using at that time. It con-
sisted of 4 Cushcraft A32-19, 19-element 3.2-wave-
length 22 foot (6.7 meter) long Yagis patterned after
the NBS 17-element Yagi, with a tri-reflector added.
The gain of a single A32-19 is about 13.2 dBd with
— 3 dB beamwidths in the E and H-plane of approxi-
mately 28 by 33 degrees. By using the previously
defined aperture calculation method, spacings of 2.1
by 1.75 wavelength or 14 feet (4.3 meters) E-plane by
12 feet (3.7 meters) H-plane were calculated. The man-
ufacturer of the antenna was recommending the same
spacings, so it seemed reasonable to use them when
constructing the array.

The performance of the array seemed acceptable.
I usually received good signal reports, but on receive,
signals always were poorer than expected. [ easily dis-
missed the lack of hearing on a noisy urban environ-
ment. Looking at the NBS stacking curves, NBS was
recommending 2.0 by 1.6 wavelength spacing for the
15-element 4.2 wavelength Yagi, an antenna with
about 0.8 dB more gain than the A32-19. | then made
some sidelobe measurements and found that the first
E-plane sidelobes were down about 12 dB and the
H-plane sidelobes were down only 10 dB. A quick deci-
sion was made to move the antenna spacing in to 1.9
by 1.6 wavelenghts or 13 by 11 feet (4.0 by 3.4 meters)
E by H-plane, respectively. The results were startling.
During the first two months of operation at the closer
spacing, about 20 new stations were worked on EME,



fig. 7. Four stacked NBS 17-element, 3.2 wavelength Yagi
E-plane pattern with 13 foot 0 inch (1.9 wavelength} E-
plane and 11 foot 0 inch (1.61 wavelength) H-plane
spacing.

many of them stations | had tried to work in the past
without success.

After that | obtained four more A32-19 Yagis. |
modified them to standard NBS dimensions and
removed the tri-reflectors. | then set them up on the
telescoping H-frame and set out to find what was
going on. The E-plane pattern of the 17-element 3.2\
NBS array spaced at 13 feet (4.0 meters) E-plane is
shown in fig. 7. The pattern looks very good, with first
sidelobes down 14 to 15 dB and all other lobes down
25 to 30 dB. H-plane patterns are usually more difficult
to measure. Reflections from objects such as trees and
utility poles, which are essentially vertically polarized,
complicate the problem. Tilting the array back causes
changes in ground reflections, which can induce errors
if that method is used. Because of that | did not make
a complete H-plane pattern measurement, but | did
check the first H-plane sidelobes and found them to
be only 12 dB down at the 11 foot (3.4 meter) spacing.
The aperture calculations indicated that the spacing
was already too close — however, NBS had indicated
that 1.6-wavelength or 11-foot (3.4 meter) spacing was
correct for the higher gain 15-element Yagi. To explain
this wide discrepancy between calculated spacings
and measured patterns, the patterns of the individual
Yagis were examined. Figure 8 is a computer-
generated plot of the E and H-plane patterns of the
3.2 wavelength NBS Yagi. The H-plane pattern is
noticeably less directive than the E-plane with larger
sidelobes over the entire pattern. The array pattern of
a number of Yagis is the resulting interference pattern
of the individual Yagi patterns interacting with each
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fig. 8. NBS 17-element, 3.2 wavelength Yagi computer
generated E and H-plane patterns.
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fig. 9. Six stacked NBS 17-element, 3.2 wavelength Yagi
half H-plane pattern with 13 foot 0 inch {1.90 wavelength)
(2 wide} E-plane and 11 foot 0 inch (1.61 wavelength),
(3 wide) H-plane spacing.

other. It follows that the resulting array pattern of
multiple Yagis will have larger sidelobes in the H-plane.

While measuring the four 3.2-wavelength NBS Yagi
array, it was decided to attempt to relate array main
lobe beamwidth to sidelobe level and array gain in-
crease. The 3.2 wavelength NBS Yagis reacted similar-
ly to the 12-element LPY antennas previously meas-
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fig. 10. Sixteen stacked Cushcraft 424B Yagi E-plane
pattern with 60 inch (2.2 wavelength} E-plane and 58 inch
(2.1 wavelength) H-plane spacing.

fig. 11. Sixteen stacked Cushcraft 424B Yagi H-plane
pattern with 60inch (2.2 wavelength) E-plane and 58 inch
(2.1 wavelength) H-plane spacing.

ured. When the first sidelobes were - 13 dB, the main
lobe was narrower than one half that of a single Yagi.
Likewise, the main lobe was approximately one half
the beamwidth of a single Yagi when the first sidelobes
were — 14 to — 15 dB. This relationship of first side-
lobes at — 14 to — 15 dB when the main lobe beam-
width is half that of a single Yagi has held up in all
subsequent arrays | have measured. This also includes
arrays that are three and four Yagis wide where the
array —3 dB beamwidth is approximately equal to the
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beamwidth of a single Yagi divided by the number of
Yagis in that plane. As an example, my 144-MHz ar-
ray was expanded to six 3.2 wavelength Yagis. The
vertical spacing was kept at 11 feet (3.4 meters). The
array’s H-plane pattern is shown in fig. 9. The number
of major sidelobes in an array is equal to the number
of elements in a plane minus 1. Thus the six-Yagi array
will have two major H-plane sidelobes. In this case,
the first sidelobe is — 13 dB down and the second is
— 12 dB down. As expected, the main lobe is narrower
than one third that of a single Yagi at 10 degrees. Note
that as the number of elements in an array are in-
creased {and consequently the number of major side-
lobes increase) it becomes much more important to
keep the sidelobe amplitudes under control. A look at
a 16 Yagi 432-MHz EME array will expand on this
point.

more dramatic results at 432 MHz

Frank Potts, WATRWU, had erected a 432 MHz
EME array consisting of 16 Cushcraft 424B 24-element
7.6 wavelength Yagis. The instruction sheet for the
4248 recommended 66-inch E-plane by 60-inch H-
plane spacing. This was considerably closer than the
spacings determined from calculating the aperture.
Based on actual antenna gain of 15.8 dBd and a pat-
tern of 20 degrees by 22 degrees (E by H), the spac-
ings were calculated to be 72 inches (1.8 meters) by
65 inches (1.7 meters) E-plane by H-plane. When Dave
Olean, K1WHS, of Cushcraft was contacted, he
recommended the use of even closer spacings for an
EME array — as close as 60 inches (1.5 meters) by 54
inches (1.4 meters). Because of mechanical con-
siderations, the array was assembled using 60-inch
{1.7 meter) horizontal (E-plane) by 58-inch (1.5 meter)
vertical {(H-plane) spacing. Phasing lines consisted of
1/2-inch and 7/8-inch hardline and were cut on a
return loss bridge known to be accurate. The per-
formance of the array had a familiar ring to it; Frank
would receive excellent signal reports, but on receive,
signals were far poorer than expected. Checking into
the 432-MHz EME activity, Frank found that there had
been a considerable number of other hams who had
erected 16-Yagi EME arrays for 432 MHz that never
worked well, and as a result, their stations had disap-
peared from the EME ranks.

At this point | began helping Frank to improve the
array. The first priority, | decided, was to obtain a pat-
tern measurement. The height of the array, 20 feet
(6.1 meters) above ground, made the likelihood of
taking accurate measurements remote. However, with
the amount of array gain available (close to 26 dBd)
I decided it should be possible to make adequate
measurements by using Sun noise.?® The E-plane
pattern looked excellent, with the three major side-
lobes down over 15, 25, and 17 dB, respectively



Six stacked NBS 17-element, 3.2 wavelength Yagi 144-MHz
EME array.

(fig. 10). The main lobe beamwidth was close to 6
degrees or greater than one quarter that of a single
antenna. The H-plane was a shock with the — 3 dB
beamwidth of 4 degrees or much narrower than the
expected 5.5 degrees. The major sidelobes were very
large, at only 9.5, 11.5, and 14 dB below the main lobe
(fig. 11). No EME signals had ever been copied when
the array elevation was below 18 degrees. The fact
that this angle was the same as the second sidelobe
direction was no coincidence.

Some tests with a pair of K2RIW 19-element Yagis
were run to measure changes in H-plane sidelobe
levels. It was found that the first sidelobes changed
at about 1 dB for every 2 inches of spacing change.
Since the gain of the RIW19 (15.1 dBd) is close to the
4248B it was felt that the results would be similar with
the 424B. The vertical spacing was moved in by 6
inches (15 cm) to 52 inches (1.3 meters). The first side-
lobes were expected to drop down to —12.5dB. The
results of that spacing change were amazing. The
major sidelobes were now —12.3, —20.7, and - 14.4
dB (fig. 12). Sun noise was up over 2 dB.* The on-
the-air performance improvement was even more
spectacular, with 41 QS0Os made with 34 different
stations during the first ten days of operation at the
new spacing. Fewer than 20 QSOs were made in over

fig. 12. Sixteen stacked Cushcraft 424B Yagi H-plane
pattern with 60 inch (2.2 wavelength) E-plane and 52 inch
(1.9 wavelength) H-plane spacing.

RAY | A
ARRAY OPTIMUM A

——— TEMPERATUR.
SPACING - | i o

[}

INCRE ASE

SPACING BETWEEN ARRAY ELEMENTS

INCREASE -

fig. 13. Array gain and array temperature versus spacing.

two months of operation at the wider spacing. Most
of the contacts were on random operation (as opposed
to pre-arranged schedules) and included several 8 Yagi
and one 4 Yagi stations. EME signals, including
echoes, were now consistently copied down to 2
degrees elevation (the elevation angle where the main
lobe would be clearing the earth). The main lobe
beamwidth was still narrower than one quarter that
of a single 424B at 5 degrees. This again supports
previous measurements which indicated that a 1/4
beamwidth (5.5 degrees) would not occur until the first
sidelobes are down 14 to 15 dB. The pattern indicates
that the array has not yet been optimized. It is esti-
mated that the best performance would occur at 62

*Sun noise is measured by pointing the array at cold sky, noting the noise
level, and then pointing the array at the sun and measunng the nose increase.
Sun noise 15 a combination measurement of overall receiver temperature and
array gain
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inches (1.6 meters) E-plane by 50 inches {1.27 meters)
H-plane spacing.

The reason for this dramatic improvement can be
explained by looking at the approximate Earth noise
pickup from the major sidelobes when the array was
operated at low elevation angles. The main lobe at 432

fig. 14. RIW 19-element Yagi computer generated E and
H-plane patterns.

fig. 15. Cushcraft 424B Yagi computer generated E and
H-plane patterns.

28 May 1985

MHz may typically see a sky temperature less than 20
degrees K. The sum of the first three sidelobes at
-8.5, —11.5, and — 14 dB would be equivalent to a
single lobe 6.5 dB below the main lobe. Pointed at
Earth (290 degrees K}, those lobes would contribute
about 65 degrees K of noise or cause a 5.1 dB degrada-
tion in signal-to-noise ratio. With the reduced sidelobes
at the closer spacing, the sum of the three major side-
lobes is about —9.8 dB and would cause about a 1.8
dB signal-to-noise degradation. This represents a 3.3
dB receive improvement, which is quite significant on
EME. The actual array noise is much more compli-
cated; to calculate it would require summing all the
sidelobes and accounting for the strength of the noise
sources toward which they pointed. The over-2 dB
Sun noise improvement nonetheless confirms the per-
formance improvement.

An alternative method for checking system tempera-
ture without taking array gain into account is to
measure Earth noise. This is dane by pointing the array
at cold sky and then at the Earth and then comparing
the noise levels. A well-performing 432-MHz EME sys-
tem should see over a 4 dB ratio. Since this measure-
ment does not take array gain into account it should
not be used for array optimization because doing so
could result in significant gain loss. Figure 13 is a
graph of typical array temperature versus stacking gain
increase. The temperatures are not ‘‘real world”’
because they are quite different for the various
Amateur frequencies.

easier method for
measuring array beamwidths

Measuring the —3 dB beamwidths on high gain
arrays with very sharp beamwidths can be a difficult
task. WATRWU's 16-Yagi 432-MHz array uses a prop-
pitch motor for an azimuth rotator and has a 360-
degree rotation time of over 3 minutes. The elevation
leadscrew drive takes over 2 minutes to run 90
degrees. Even with such a rotating system, attempting
to measure a b degree beamwidth can be a taxing ex-
perience. With a conventional commercial rotator it
appears to be impaossible to get an accurate measure-
ment. It was discovered very early on that the half-
power beamwidth was always equal to slightly less
than 1/2 the spacing of the first nulls on either side
of the main lobe. Interestingly, DL6WU has said that
the beamwidth of a single Yagi is equal to 0.485 times
the first null spacing. The measurement of the first
nulls provides a much easier and most likely more ac-
curate means of determining antenna half-power
beamwidths.

The H-plane pattern measurements on the RIW19
Yagi provided yet another surprise. A pair of RIW13s
had first H-plane sidelobes down 13 dB at a spacing
of 54 inches (1.37 meters). The 4248s had first H-plane
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Sixteen stacked Cushcraft 424B Yagis in a 4322-MHz EME array.

sidelobes down 12.3 dB at a spacing of 52 inches (1.32
meters). Considering that the 424B has an appreciably
narrower H-plane beamwidth (22 inches versus 26
inches) and that it has more gain (15.8 dBd versus 15.1
dBd), just the opposite might be expected. The ex-
planation again lies in the patterns of the individual
antennas. Figures 14 and 15 are computer-generated
patterns for the RIW19 and the 424B. The RIW19 has,
in general, sidelobes significantly lower than the 4248
which would explain the different spacings for best
array sidelobe levels. This effect has been noted in
other Yagis also, and unfortunately makes most of the
methods of calculating stacking distances (such as the
aperture equations, or any of the various beamwidth
formulas) of little use when array temperature is of
concern. | spent a considerable amount of time try-
ing to come up with a clever little formula for calcu-
lating stacking distances, but every one | tried had
more Yagis disobey its numbers than ones that would.

This causes the optimum stacking distances to be
different for different Yagis even if they have the same
gain. Likewise a Yagi with a very clean pattern may
have an optimum stacking distance greater than
another with more gain but a poorer pattern. Keep in
mind that “optimum’’ has, in this case, been defined
as the highest G/T ratio.

mounting different frequency antennas
on the same tower

The effect of having antennas for different bands
located in close proximity has not received much
attention. The interaction between antennas can be
understood by looking again at fig. 1. If another anten-
na is located in the shadow of the first, it will not be
able to extract as much energy as the first simply
because the field strength is reduced behind the first
antenna. To quantify the effect of having different
antennas located nearby can be complicated. To
evaluate the effect of a 144-MHz antenna on a near-
by 432-MHz antenna, the aperture of the 144-MHz
antenna at 432 MHz would have to be calculated in
order to see how much of the capture areas over-
lapped. Next it would have to be determined who had
“first dibs’’ on the signal or which antenna was in the
other’s shadow.

The only conclusive measurement | have been able
to make has been to measure the Sun noise of a given
array by itself and then add the other antennas and
again measure Sun noise. | have found a consistent
degradation in Sun noise by having arrays interlaced.
Surprisingly, in most cases it is the lower frequency
array that suffers. A side effect also appears to be the
occurrence of stray sidelobes. The explanation of that
phenomenon is that the unused antenna is re-radiating
signals it had captured. Although not conclusive, ter-
minating the unused antennas in a 50-ohm load
appears to minimize the effect.

To be on the safe side, antennas should be located
such that their apertures do not overlap. This can
sometimes lead to very large spacings. As a practical
matter the casual VHF/UHF operator may never see
the performance degradation. The EME operator or
enthusiastic weak signal worker who is looking for the
last bit of performance is advised to either not mix
arrays or to maintain sufficient spacing between them.

alternate stacking arrangements

This article has addressed only arrays with the Yagis
arranged in uniform rows and columns. It may be
possible to obtain additional stacking gain while con-
trolling sidelobes by using other arrangements such
as circle or diamond configurations. This would be due
to the lower amount of aperture overlap required for
sidelobe level control. | have not examined these alter-
native arrangements because of the difficulty in
adapting them to an array with elevation control.

conclusions

Since most readers are likely to be more interested
in a guide to how far apart to stack various antennas
than in duplicating my work, table 2 is provided. It
covers a number of popular 144 MHz and 432 MHz
antennas and their recommended stacking distances.
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table 2. Measured performance of 144 and 432 MHz antennas.
144 MHz ANTENNAS
ANTENNA GAIN PARTTERN BOOMLENGTH SIDELOBES STACKING
TYPE dBd E x H feet E x H -dB feet E x H
6 el NBS 10.2 40 x 42 1.2 8.2 1z 9 9.6 x 7.5
9 el FOFT 10.¢6 38 x 46 1.6 10.8 18 14 2.9 x 2.0
11 el Swans/KLM 10.8 40 x 44 1.8 12.3 13 10 9.6 x 7.5
11 el Cushcraft 10.8 b 40 x 46 1.2 11.8 19 13 10.0 x 2.5
12 el Swan/KLM 11.2 36 x 40 2.0 14.1 14 10 10.6 x 8.6
14 el Swan/KLM 11.8 34 x 37 2.5 17.4 15 . 10 11.0 x 9.5
20 el CC Colin 11.9 45 x 26 - - - ~-- - 9.8 x 13.2
14 el Hy-Gain 11.9 3% x 3% 2.3 15.5 ~- -- 11.0 x 9.9
12 el NBS 12.0 a 34 x 36 2.2 1%.0 15 11 11.2 x 9.6
14 el Cushcraft 12.1 34 x 36 2.2 15.0 15 12 11.2 x 9.6
16 el KLM 12.2 29 x 31 3.0 20.7 12 9 11.4 x 9.6
11 el KLM 11X 12.2 u 34 x 38 2.3 15.3 19 14 11.% x 9.9
16 el F9FT 12.5 32 x 24 3.0 20.8 12 i3 12.2 x 10.2
11 el LUNAR 12.6 c,g 32 x 35 2.6 17.4 16 12 12.4 x 10.2
13 el KLM LBA 13.0 31 x 32 3.1 21.5 14 10 12.7 x 10.6
15 el Cue Dee 13.1 30 x 32 3.1 21.3 -- -- 12.8 x 10.7
17 el NBS 13.1 28 x 33 3.2 22.0 13 10 13.0 x 10.4
19 el Cushcraft 13.2 28 x 33 3.2 22.0 14 11 13.080 x 10.5
13 el W2NLY 13.4 d 27 x 29 3.5 23.5 12 9 13.3 x 11.2
15 el Telrex 13.5 26 x 28 4.1 27.8 12 9 13.3 x 11.3
14 el KI1FO 13.7 g 29 x 31 3.6 24.3 15 13 13.7 x 11.2
1% el NBS 13.9 a 26 x 29 4.2 28.7 14 11 13.7 x 11.4
16 el KLM LBX 14.3 u 28 x 30 4.1 28.1 12 14 13.8 x 11.46
18 el Cushcraft 14.5% 27 X 28 4.2 28.7 15 12 14.0 x 11.8
432 MHz ANTENNAS
TYPE dBd E x H feet E x H ~-dB inches
11 el Tilton 11.8 f,g 34 x 36 2.6 6.0 12 13 46 x 40
13 el W6RAKI 13.3 27 x 29 3.4 7.8 12 9 53 x 44
13 21 K2RIW 13.5 27 x 29 3.4 7.8 13 10 54 x 45
15 el NBS 12.9 a 26 x 29 4.2 9.6 14 11 55 x 46
16 el KLM LB 14.4 24 x 25 5.3 12.0 11 9 56 x 48
19 el K2RIW 15.1 24 x 26 5.6 12.8 16 14 60 x %4
21 el F9FT 15.2 h 24 x 26 6.6 1%.0 14 12 58 x 52
26 el DL9KR 1.5 u,i 24 x 25 6.1 13.8 17 15 62 x 58
24 el Cushcraft 15.8 20 x 21 7.5 17.1 12 10 62 x 50
22 el DL6WU 1.8 u,l 22 x 24 6.9 15.6 1% 14 64 x 58
24 el KI1FD 16.6 k 22 x 23 7.5 17.2 16 15 66 x &0
28 el W1JIR/DLOWU 17.0 v 20 x 21 9.3 21.1 14 13 ?0 x 64
30 el KLM LBX 17.3 u 19 x 20 9.6 21.9 15 13 72 x &6
31 el W1IR/DLEWU 17.5 wu 19 x 20 10.4 23.7 14 13 74 x 68
a These NBS yagis have gain peaks 2 percent high in frequency.
b Gain peak is 11.1 dBd at 146 MHz, 2B x 44 degree pattern.
c Has incorrect balun length. With stock balun gain is 12.4 dBd.
d Figures are for 0.125 inch taper version with 20 in. reflector spacing
f Is tuned to 440 MHz. Retuned to 432 MHz gain would be 12.6 dBd.
g Design based on Greenblum 7 Tilton information.
h Is designed for 435 MHz. Gain peak is 15.% dBd at 436 MHz.
i Uses B element screen reflector,
k Is a modified 424B using a single reflector and 22 directors.
1 lIs designed for 435 MHz. Gain peak is 16.0 dBd at 436 MHz.
u Design based on DLAWU information.
Although a few tenths of a dB additional gain may be spacing even if EME or satellite communications are
obtainable at larger spacings, the added size, weight, not anticipated.
and windload would most likely not justify the wider it should be emphasized that gain alone does not
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tell the whole story. A Yagi with a cleaner pattern may
be a better choice for an EME array than one with
higher gain and a “messy’’ pattern. The highest gain
Yagi in the world is of little use if it splits into 5 pieces
the first time a storm passes by.

Finally, the following summary should serve as a
guideline in building multiple Yagi arrays:

® Optimum stacking distance is a compromise be-
tween gain increase and sidelobe level (G/T).

* Array — 3 dB beamwidth will be equal to single ele-
ment beamwidth divided by the number of elements
in a plane when the first sidelobes are -14 to
— 15 dB. This usually represents optimum stacking or
best G/T.

¢ The H-plane’s inherently less directive pattern re-
quires substantially closer spacing than the E-plane to
achieve optimum sidelobe levels.

* Negating phasing line losses, doubling the number
of elements in an array at optimum spacing will give
approximately 2.7 to 2.8 dB gain increase in the
E-plane and 2.5 to 2.6 dB in the H-plane.

* The greater the number of elements in an array, the
more critical it is to have that array optimally spaced.

* The higher the frequency of operation, the more
critical it is to have an array with small sidelobes (i.e.
optimally stacked).

* The cleaner the pattern of an individual Yagi, the
greater the optimum stacking distance will be — hence
the greater the array gain.

* Although spacings closer than the maximum gain
distance can cause the loss of a few tenths of a dB
in array gain, the closer spacing can result in several
dB of signal-to-noise ratio improvement on receive.

* |f you are going to make a mistake, put your anten-
nas ‘‘too close together’ rather than ““too far apart.”

* Placing different band antennas in close proximity
can degrade performance.
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41256 150 n.s. ........... 8/68.00

1.50

AY3-8910
W/60 Page Manual
____New Price — $7.00
8321 Clock-

alendar

P. 0. Box 280298 Dallas, Texas 75228

20.00 8085
450 8086-2
8087-3

8088

4.75
24,95
149.00

6.75
280

280 2.5 MHZ CPU
280CTC
ZB8ODMA-DMA
Z80PI10
Z80S10/0
ZB80A-4MHZ CPU
ZBOA-CTC

ZB80A DART

Z80A SI0/Q ...

1771 Single Density
1791 Double Density
1793 Special

THREE CHIP SET
1797 or 1793, 2143-03, 1691
by W.D. Compare at up to 86.85.

B.G. SPECIAL
All 3 tor only $22.95

TR1602B (COM 2017)
IM6402-(1863)+5v High speed

AYS5-1013 pin out 2.95
INS 8250B

6840

6845pP
6845S 7.50
6850 2.60
68A09EP 4.99
68A21 3.00
68B45  10.00

10.00
7.50

2.60 6545  5.00
6.95 6551  5.00

SPEGIALS

TM599532
BR1941L

= -

SOCKETS

Low Profile SOLDER TAIL
6 Pin 14/1.00
8 Pin 13/1.00

14 Rin 10/1.00
16 Pin 8/1.00
18 Pin 8/1.00
20 Pin 7/1.00
22 Pin 7/1.00
24 Pin 6/1.00
28 Pin 6/1.00
40 Pin 5/1.00

BUY $10
GET $1.00 - FREE CHOICE

2114 SPECIAL!

COMPUTER
MANUFACTURERS
EXCESS INVENTORY
SALE!
PRIME! 2114-300 n.s.
INCREDIBLE PRICE!
YOU SAVE!
8/$8.00
GUARANTEED

CRYSTALS

32.768 Khz SPECIAL

262.144

300.000 .
15432 Mhz . ... ... ... ... .
1.8432

3.579545
4.000

4.194304
4.433618
4444.000
4.9152

4.916 Bd. Rate
5.000000

7.164112 E
73728 ...l 1.49

TERMS: (Unless specified elsewhere) Add $1.50 postage, we pay balance. Orders over $50.00 add85¢ tor insurance.NoC.0.0.Texas Res. add 6-1/8" Tax. 90 Day Money
Back Guarantee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds only. We cannot ship to Mexico, Countries

vther than Canada, add $3.50 shipping and handling.
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Tell ‘'em you saw it in HAM RADIO!



P. 0. Box 280298 Dallas, Texas 75228

(214) 2711-5546 E

Big Computer Manufacturer Does It Again!!!

DISK DRIVE BONANZA — DOUBLE SIDED 5'."
DOUBLEDENSITYFACTORY NEW DISK DRIVES

MANUFACTURED IN JAPAN BY CANON.
THESE ARE PROBABLY THE MOST BEAUTIFUL
5%"” DISK DRIVES WE HAVE EVER SEEN 40
ON THE SURPLUS MARKET! TRACK

$4995:, |2 ron $85°°

ADD $1.50 EACH FOR POSTAGE

SPECS: DOUBLE SIDED — 40 TRACK
SINGLE OR DOUBLE DENSITY

TWO THIRDS HEIGHT (SPACE SAVER?!)
INDUSTRY STANDARD PIN OUT
DIRECT DRIVE — NO BELT TO BREAK!
FAST ACCESS — 6MS

LATEST HEAD & DRIVE TECHNOLOGY

The same poor purchasing agent who nearly got lynched for over buying so many D.C.
switchers has gotten carried away again. The Big Boss found another hiding place crammed
with a truckioad of the brand new precision manufactured 5" disk drives. Fortunately for us,
the Big Boss remembered us from the switchers deal and he gave us an opportunity to make
the “Second Best” surplus buy of the decade. Even though we bought a huge quantity, please
order early to avoid disappointment. Please do not confuse these sleek, 2/3 height, high
quality Japanese disk drives with the flimsy domestic units sold by others.

SERIAL ASCIl KEYBOARD ATARI HEX KEYBOARD

J S—— $4995
This is no mlsprlnt!d
Maxi Switch 67 Key (includes 10 function keys)

QWERTY serial keyboard. Number KYBD2185010
keyboard which uses a CMOS 8048 single chip

! 3 for $20°°

W -
ATAR\ ©1.8D

microprocessor for super low power consumption.
Very high quality with an exceptionally smooth feel.
Originally designed for use in a portable computer.
Simple serial interface — complete documentation
included — Size: 12" x 5%"

These won't last long at this price!!!!

TERMS: (Unless specitied elsewhere) Add $1.50 postage, we pay balance. Orders over $50.00 add 85¢ for insurance. No C.0.D. Texas Res. add 6-1/8% Tax. 30 Day Money Back
Guarantee on all items. All items subject to prior sale. Prices subject to change without notice. Foreign order - US funds only. We cannot ship to Mexico. Countries other than

Canada, add $3.50 shipping and handling.

More Details? CHECK — OFF Page 166

Originally designed for use with an Atari Home
Computer. Brand new in box. Encoded using the
popular National Semi 74C923. Fuill schematic
included. Originally sold for many times our price.
Many applications besides computer use. 119
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120 volt

primaries
5.6 VOLTS @ 750 MA $3.00
6 VOLTS @ 150 MA $1.25
12 VCT @ 200 MA $2.00
18 V. @ 650 MA $3.50
18 VOLTS @ 1 AMP $4.50
24 VOLTS @ 250 MA $2.50
24VCT @1 AMP $4.50

WALL
TRANSFORMER
ALL ARE 115 VAC /. )
PLUG IN @
4VDC @ 70 MA $2.00
9VAC @1AMP $3.00
12.5 VAC @ 265 MA $2.50
17 VAC @ 500 MA $4.00
24 VAC @ 250 MA $3.00
SPRING LEVER

TWOQ COLOR —
CODED
TERMINALS

ON A STURDY
23/4" < 33/47
BAKELITE PLATE.
GREAT FOR SPEAKER ENCLOSURES
OR POWER SUPPLIES

$1.00 EACH 10 FOR $9.00

WE HAVE QUALITY PARTS. DISCOUNT PRICES AND FAST SHIPPING!

TI# 1053214-2

COMPACT, WELL-REGULATED SWITCHING
POWER SUPPLY DESIGNED TO POWER TEXAS
INSTRUMENTS COMPUTER EQUIPMENT.

INPUT:
QUTPUT

14VAC-25. VAC AT 1A
+12VDC AT 350MA

+ 5VDCAT 1.2A

~ 5VDC AT 200MA
SIZE: 4%" < 4Y%" x 1%”

FREE! =y

13.8 VOLT REGULATED

LINECORDS | MIKE CONNECTOR| 7 CONDUCTOR REVERBERATION UNIT
Juowee | @ \ =t vsouo
' 18ga | - - 2
3 FOR $1.00 S T T oS ACCUTRONICS COLL SPRING TYPE UNITS, USED IN
: ELECTRONIC ORGANS TO PROVIDE ACOUSTIC DELAY
THREE WIRE ;m?&gg:ggggame AS SOUND EFFECTS INPUT IMPEDANCE 8 OHMS, QUTPUT
8 FooT 182 THREE WIRE | ¢2'60 PER SET IMPEDANCE 2250 OHMS. 41/2" x 16%4"x 13/15"
2.00 EACH -
SPECIRASTRI? RED WARKER ND VIDEO MODULATOR
IP. 28 GA STRANDED WIRE
MULTI-SWITCHES ] M1§T ER S BRS L os M) FOR T.l. COMPUTER
3 STATION S P 7.1 # UM1381-1. DESIGNED FOR USE
S 22N THIS 2174 2K 10 TURN WITH T.1. COMPUTERS. CAN BE USED WITH
NON-INTERLOCKING g/\ SQUARE METEF MULTI-TURN POT VIDEQ SOURCES, BUILT-IN A/8 SWITCH
3. 2PDT SWITCHES MEASURES SPECTROL CHANNEL 3 OR 4 SELECTION SWITCH.
23 EACH OPERATES { 0-15 VDC D oD 5347761 GPERATES ON 12 VOC. HOOK UP DIAGRAM
INDEPENDENTLY. s $4.50 EACH $5.00 EACH $10.00 EACH
1%" BETWEEN B-
v cenrens | SUB-MIMATURE. T™RGTARY SWITCH 48 KEY ASSEMBLY FOR
$1.75 EACH POLE £
CONNECTOR 6 l;osmON ') ~ T.I. COMPUTER
ey ! NEW TEXAS INSTRUMENTS
I N'I'5E§[‘g‘COKPI‘N G mnm = 1% DIA x 1%2" HIGH 25 R P_’%‘g".i KEYBOARD. UNENCODED.
T 75¢ EACH s 25002 SRR IS
MADE BY ALPS OLOER TYPE 508 MINIATURE 10 for $6.00 WY === 7015 PIN CONNECTOR
3-2PDT AND ggm;ECTTows)%sKEBProﬂ \'=. SOLID METAL FRAME 4" X 9
2-6PDT ER H( S
2 OES ON FULLY PBaSPLUG  $2.75 PUSHBUTTON $6.50 EACH 2 FOR $11.00
INTERLOCKING ASSEMBLY DB-15S0CKET  $4.00 POWER SWITCH EDGE 7 R
3va” BETWEEN -15 HOOD 1.50
MOUNTING CENTERS 82%2 E(L)‘éger :g;g =R CONNECTORS ‘d]g.,ov NDICATO
8250 EACH DB.25HOOD __$1:25 glg it - ’ NEON INDICATOR. RATED
5 STATION - - e ALL ARE 156" SPACING ) ‘
20V 1/3 W. MOUNTS IN
NON-INTERLOCKING PARALLEL DOUBLE POLE POWER SWITCH 10 PIN EDGE 5/16" HOLE .. RED LENS.
PRINTER
SAME AS ABOVE, EXCEPT PUSH-ON. PUSH-OFF. CONNECTOR 75¢ EACH
$1.00 EACH 10 FOR $7.00
EACH SWITCH OPERATES TRW #50-10-420  $2.00 EACH 100 FOR $65.00
INDEPENDENTLY SWITCHES g
—_ MINI-PUSH BUTT 22/44 TIN GEL CELL
-PUSH ON e c. STYLE; NO MOUNTING EARS, BATTERY
$1.50 EACH 10 FOR $14.00

Ti SWITCHING POWER SUPPLY

$5.00 EACH

POWER SUPPLY

THESE ARE SOLID STATE FULLY REGULATED
13.8 VOC POWER SUPPLIES. ALL FEATURE
100% SOLID STATE CONSTRUCTION, FUSE
PROTECTION, L.E.D. POWER INDICATOR.

2 AMP CONSTANT, 4 AMP SURGE.

I.D.C. MALE

SAME AS ABOVE.
SRS

et S TANDARD
RIBBON CABLE

S.P.S.T. MOMENTARY
| NORMALLY OPEN
1/4” BUSHING

35¢ EACH

10 FOR $3.25

100 FOR $30.00
SPECIFY COLOR:
RED, BLACK, WHITE,
YELLOW

22/44 GOLD
PC.STYLE $2.00 EACH
10 FOR $18.00

28/56 GOLD

28/56 GOLD PLATED CONTACTS
156 CONTACT SPACING.

$2.50 EACH 10FOR $22.00

RELAYS

SOLID STATE RELAY

HEINEMANN ELECTRIC
#101-5A-140—5 AMP &7 = %

CONTROL: 3-32vDC

LOAD: 140VAC 5 AMPS
SIZE: 2" X 1" X %" HIGH

48 PAGE CA

COMPUTER
GRADE
CAPACITORS

2,000 mtd. 200 VDC

TALOG wms FREE!

SLIDE A POTS

100K linear tape
2" LONG

15/8" TRAVEL  75¢ EACH

500K linear taper
27/8" LONG

12 VDC @ 1.2 AMP HOUR
4"X113/16" X2 1/8"
$15.00 EACH

L.ED'S
STANDARD JUMBO
DIFFUSED
RED 10 FOR $1.50
GREEN 10 FOR $2.00
YELLOW 10 FOR $2.00

FLASHER LED

13/4"DIA. » 5" HIGH $2.00 D1 3/4" TRAVEL  75¢ EACH A H VOLS :;ESASTIZ%N
UAL 100K audio taper RED JUMBG St.
3,600 mid. 40 VDC 3 1/2" LONG pe $1.00 EACH
13/8"DIA. * 33/4"HIGH $1.00 ¥ 2 1/2* TRAVEL. $1.50 EACH BI POLAR LED
6,400 mfd. 60 VOC 2FOR §1.70
13/8"DIA » 4 1/4"HIGH $2.50 CRYSTALS
CASE STYLE HC33/U LED HOLDERS
COLORBURST TWO PIECE HOLDER
?;}%,T'f’;]zégc s250 | 2z SSTasISKE FOR JUMBO LeD | &
¢3.50EACH | $100EacH |10 FOR 85¢ 200 FOR $1000
72,000 mtd. 15 VDC CLEAR CLIPLITE
2’DIA <43/8"HIGH  $3.50 METAL OXIDE HOI?«REFEED AFANGY
VARISTOR INDICATOR. CLEAR.

185,000 mtd. 6 VDC
21/2"DIA < 41/2"HIGH  $1.50

CLAMPS TGO ¢IT CAPACITORS 50¢ eo.

G.E. # VB2ZA12
50 VOLTS. NOMINAL D.C
VOLTAGE. 5/8" DIAMETER

I

2 FOR $1.50

4 FOR $1.00

312"
SPEAKER

UL LISTED $18.00 EACH $5.00 EACH 10 FOR $45.00
MINIATURE
DC CONVERTER [ 1N4148 6 VDC RELAY
SUPER SMALL
SPECIAL 2D <PDT RELAY:
45" SPACING P.C. LEADS GOLD COBALT
1000 FOR $10.00 CONTACTS
10,000 FOR $$85.00 RATED 1 AMP AT 30 VDC:
HIGHLY SENSITIVE, TTL
DESIGNED TO PROVIDE A KEY ASSEMBLY DIRECT DRIVE POSSIBLE
STEADY =5 VDC @ 240 MA 5 KEY OPERATES FRO| TO
FROM A BATTERY SUPPLY EY . $1.00 & V. COIL RES. 220 OHM
=t = AT o
OF3.5706.25V = !"."-‘E_- EACH 13/18" « 13/32" = 7/16"
2 1/16"X11/16" X $1.50 L ——— AROMAT # RSD-6V
1 11/16" HIGH EACH GONTAINS 5 SINGLE-POLE $1.50 EACH 10 FOR §13.50
NORMALLY OPEN SWITCHES
TRANSISTORS MEASURES 3 3/4" LONG 13 VDC RELAY
6 KEY CONTACT S.PN.C.
2N706 4 FOR $1.00 $1.25 10 AMP @ 120 VAG
2N2222A 3 FO::}gg EACH ENERGIZE COIL TO
PN2222 4FORS1.
2N2904 3FOR $1.00 CONTAINS 6 SINGLE-POLE como:,aEco%o&BAgJMé
2N2005 3FOR$1.00 NNORMALLY OPEN SWITCHES. | gprciaL PRIGE $1.00 EACH
2N2807 3FOR$1.00 MEASURES 4 1/4” LONG.
4 PDT RELAY
POWER SUPPLY W/PRE-AMP « 14 pin style

TOLL FREE ORDERS ONLY
1-800-826 5432
(ORDER ONLY)

(IN CALIFORNIA: 1-800-258-6666)

ALASKA HAWALIL
OR INFORMATION
(213} 380 8000
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THIS SUPPLY WAS USED TO POWER
AN 8 TRACK/CASSETTE UNIT. IT

WiLL SUPPLY APPROX. 18 vODC AND

INCLUDES A SMALL PRE-AMP TO

BOOST SIGNAL LEVEL.

RCA PLUGS FOR LINE IN/OUT

$4.50 EACH

ALL ELECTRONICS CORP.

905S. VERMONT AVE. P.O.BOX 20406 LOS ANGELES. CA 90006

LocATION
6228 SEPULVEDA BLVD. VAN NUYS, CA 91411

geCOND

» 3 amp contacts
« 24 voltdc or

120 volt a.¢. coil
« Used but tully tested
$1.70 EACH
specity coil voltage
LARGE QUANTITIES AVAILABLE

SOCKETS FOR RELAY 50¢ each

MINIATURE TOGGLE SWITCHES

ALL ARE RATEg 5 Al

MPS @ 125 VAC

S.P.D.T. S.P.D.T. S.P.D.T.
(on-on) (on-on) (on-off-on}
SOLDER LUG
NonTupEapep f TERMINALS TERMINALS.
BUSHING $1.00 EACH $1.00 EACH
75¢ EACH Tl 19 FS“R“’% 10 FOR $9.00
10 FOR $7 00 00 FOR § 100 FOR $80.00
SP.DT. e D.PD.T.
(on-off-on) P LUGS (on-on)
NON-THREADED| THREADED SOLDER LUG
BUSHING BUSHING TERMINALS
P.C. STYLE ol $1.00 EACH $2.00 EACH
75¢ EACH 2 10 FOR $9.000 10 FOR $19.00
10 FOR §7.00 100 FOR $80.00 100 FOR $180.00

CALIF

8 OHM
IMPEDANCE,
FULL RANGE
SPEAKER.

8 0Z MAGNET.
4" DIAGONAL
MOUNTING CENTERS

$2.50 EACH
10 FOR $20.00

SOLID STATE
BUZZER

STAR #SMB-0O6L.

6 VOC.
TTL COMPATIBLE.
$1.00 EACH

10 FOR $9.00

QUANTITIES LIMITED

MINIMUM ORDER $10.00 -

USA: $300 SHIPPING e

FOREIGN ORDERS
INCLUDE SUFFICIENT
SHIPPING

2

RES ADD 612

NOCOD'
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active antenna
covers 0.5-30 MHz

Double duty allows
2-meter operation as well

Active antennas have been available commercial-
ly for several years, but relatively little practical in-
formation about them has appeared in the Amateur
journals."? This article illustrates how to build a sim-
ple one covering from 500 kHz to at least 30 MHz using
commonly available components. As an added bonus,
the antenna works as an omnidirectional 2-meter
antenna when not in use for HF reception. It will also
meet the needs of SWL's for casual monitoring on the
HF bands.

First, some clarification is in order. True active
antennas (sometimes referred to as voltage probe
antennas) use circuitry somewhat more sophisticated
than what is presented here.? Antenna probe lengths
of 2 inches have been used in some commercial
models intended for military markets. Their circuitry
does not match impedances in the usual sense, as
does the simple approach used here.** Instead, their
reactive components are made small in comparison to
the extremely high source-follower FET input impe-
dance, effectively swamping out the reactive compo-
nent. A short probe antenna, at the lower HF frequen-
cies, may have a capacitive reactance in the millions
of ohms, while its effective radiation resistance is only
a very small fraction of an ohm.? Despite its lack of
eloquence the antenna presented here works well, and
can be built in a weekend for very little cost.

general coverage antenna needed

Amateur Radio manufacturers have caught on to
the market for general-coverage reception — today
many transceivers will receive from the lower LF
ranges continuously up to 30 MHz and beyond. While
the benefits of general-coverage receivers are obvious,
some problems await those seeking a single antenna
capable of spanning several octaves.

The simple link-coupled LC preselector circuits used
in vintage tube-type receivers were capable of match-
ing to a wide variety of loads, and an "antenna’’ tun-
ing control served in tweaking the most out of any
antenna. But the situation is somewhat different to-
day. Modern receivers are carefully designed for
proper gain distribution. The tracking preselectors and
high-gain front ends are gone; in their place are mod-

Internal view of unit shows the construction details of the
active antenna. The ASP-677 commercial antenna was used.
Because of the softness of the minibox aluminum. the
3/8-inch snap-mount washer was removed and installed on
the inside wall of the minibox. This washer is part of the ASP
snap-mount assembly.

By Peter J. Bertini, K1ZJH, 20 Patsun Road,
Somers, Connecticut 06071
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item  description

ANT-1

F1 1 amp, fast-biow luse

antenna probe, 20-50 inch length. Stainless steel antanna whip, alum-
inum tubing, or collapsible whip. Radio Shack No. 15-232 (38
inches) or No. 270-1401, 270-1402, 270-1403, or 270-1405,

J1 RF connector, $0-239
® RFC-1 20 turns No. 26 wire on Amidon F150-61 core malerial (see text)
RL? reed relay, SPST. 12 YDC coil.
ANTENNA | S1 SPST sawitch. 125 VAC rating. Radio Shack 275-612 or equivalent
T 9 bitiiar turns, No. 26 wire on Amidon T68-8 core material. Wire 4-6
twists per Inch (see text)
72 power transtormer, 117 VAC to 12.6 YAC at 100 mA minimum. Radio
Shack No. 273-1385 or equivalent
Y 0.22
4xiN9I4 \
—to 7
oA |
1
4
Ji
RLY 1.2n
INdDO7
I 0.00/
1
SufF
BRIDGE RECTIFIER * MOUNT CLOSE TO REGULATOR
i 14,200 Piv
o\
680
Hrvac Te “ ’ ’ r8i2 A
s
! 10004F * /717 * | »
- I ssvoc I 022 0.1 I LED
o

fig. 1. The schematic for the indoor antenna. This version has no provisions for 2-meter operation. DC voltage measurements
are provided to assist in troubleshooting. Vo/tages are indicated by circled values.

ern electronically-switched broadband filters. But
these filters are not tolerant. If the load is not 50 ohms,
their performance is no longer predictable and losses
can become excessive. Consider the use of an 80-
meter antenna for shortwave reception in the 40-meter
region. An 80-meter dipole at 40 meters is virtually
unusable because as the feedpoint impedance soars
to a very high value the shunt capacity of the coax
greatly attenuates incoming signals.

impedance transformation needed

Did you ever wonder how an automobile’'s AM
antenna could work effectively on FM and yet be so
short? The answer lies in the special high-impedance
coax and special front-end design used in these
receivers. (If you've ever tried to replace this coax with
a length of RG-58 you've quickly learned a lesson in
capacitive losses.)

38 [B May 1985

If a short antenna will work at 550 kHz, it will work
elsewhere as well. All that’s needed is an impedance
transformation network to change the extremely high
termination impedance of our short ““probe’’ antenna
into a usable 50-ohm impedance for our receiver,
across a range of several octaves. The size of an an-
tenna has little bearing on its performance — full-size
antennas do offer 50-ohm feedpoint impedances and
low enough resistance losses to allow efficient RF
radiation.® For receiving applications, many Amateurs
have found that antennas such as the Beverage,
ferrite-loop, and active antenna often out-perform full-
size transmitting antenna arrays because of their lower
susceptibility to noise pickup — and in some cases,
their excellent directivity in the lower HF regions.

A JFET source-follower stage provides the desired
high-to-low impedance transformation. (While a
2N5486 was used here, an MPF102 will also work.)



680 0.22

[\ COAX CABLE
T0 J2

I

ttem description

J2-3  $0-239 coaxial RF connectors

RFC-2 20 turns No. 26 wire on Amidon FT50-61 core material (see text)
3 power transformer, 117 VAC to 18 VAC at 100 mA minimum (Radio

Shack No. 273-1515 may be used, aithough it offers larger currant
capability than is necessary.)

RFC2 1.OpH

g ]
X - I’;’;"’VZZI

78185

fig. 2. The schematic for the outdoor antenna. Only circuit changes from fig. 7 are shown. Note the elimination of the
0.22 4F coupling capacitor, allowing DC feed on the coaxial cable. Power supply components have been changed for 15-volt
output, compensating for possible resistive cable losses. Component values not shown are the same as in fig. 7.

COAX TO 43
HF RX

The antenna is a length of wire, about 48 inches (1.22
meters) long. A length of stainless-steel wire salvaged
from an old VHF whip or automobile antenna or even
a section of aluminum tubing may be used for the
antenna probe.

Two versions of this antenna were built and tested;
one was designed for indoor use and the other for out-
door mounting. The indoor unit was built in a small
enclosure. The exact dimensions are not critical, pro-
viding all components can be comfortably mounted
inside. The only difference between the indoor and
outdoor modeis is in the packaging — the outdoor
model uses a remote weather-proof housing for the
preamp and antenna probe. Everything is self-con-
tained in the indoor version.

Referring to fig. 1, for the schematic for the indoor
model, note the back-to-back diode protection from
the JFET gate to ground. | found that the static dis-
charge generated from shuffling across the shack floor
was responsible for the untimely demise of several
2Nb486 devices before | realized what was going on.
These diodes do not guarantee total protection — the
best safeguard is to avoid touching the antenna
probe. To prevent generation of an insidious form of
TVIin the outdoor'antenna caused by diode rectifica-
tion of RF radiated from nearby HF or VHF transmit-
ters, a small reed relay is used to disconnect the an-

tenna probe from the preamp stages when the antenna
is not in use. This also offers some protection to the
JFET during electrical storms, when static charges
might build up on the antenna. The reed relay should
be used in the indoor model as well for protection
against static discharges. The reed relay is used only
in the HF model — for 2-meter operation a more in-
volved switching scheme using DPDT relays is
needed. (This will be addressed in greater detail
below).

The schematic shown in fig. 2 serves as the basis
for the outdoor HF active antenna. The only differ-
ence is in the power feed arrangement. In the outdoor
model, power for the preamp head is fed through the
coax from the indoor power supply.

additional gain needed

Following the JFET device, which does not provide
voltage gain, is a class-A bipolar stage using a 2N3866
transistor. (A 2N5109 could be used here instead.)
“Hotter”’ transistors such as the TRW LT1001 might
offer some improvement, especially at higher frequen-
cies, but they might also require some circuit revisions
to prevent self-oscillation. This stage does provide
gain, building up the very small signals captured by
the short antenna. The transistor must be heatsunk;
the stage draws about 25 mA resulting in considerable
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«| LEFT.PR€ES WITHOUT POWER
FOR MAN TO CREATE”

And the people at Photocomm are creating this needed power.
Their solution is being the best in Photovoltaic engineering
and design to service all your remote electrical energy needs
from design to installation in a multitude of areas:

e Telecommunications

e Navigational Aids

e Water Pumping

¢ Railroad Signalling

Cathodic Protection

Photocomm has the total service and professionalism that
those of higher authority demand.

k‘ PHOTOCOMM INC. ‘,
PHOTOVOLTAIC SYSTEMS
s 7735 E. Redfield Rd.

Scottsdale, AZ 85260 - SOLA\DLT

(602) 948-8003 INTERNATIONAL
TELEX 6835043 w121




T item description

SEE FiG. 4 RFC3 20 turns No. 26 wire on Amidon FT50-61 core material
RL2,3  minature hermetically-sealed relay. DPDT 12 VDC coil. 6 VOC coils
okay if relays wired in series. (6 VDC hermetic relays available from
Al Electronics Corp., P.O. Box 20406, Los Angeles, California 90006.)
s2 miniature DPDT toggle switch. Radio Shack No. 275-636 or equivalent

%L,

e

-l o

r
I
|
|
i
t
|
I
|
|
L

|
|
_———

COAX TO
CONTROL BOX

{
0D

)

RL3 0.00/

|

2-METERS
FROM 15VDC SUPPLY S2A

0

RL2

f Lo

I
i) e

COAX TO
PREAMP
HEADEND

———0

~ TO Z-METER JﬂFI IO'OOI
S RADIO

1

RFC3

U 1.OuH

HF RECEIVER

from previous diagrams.

fig. 3. The changes allowing 2-meter operation for the active antenna while not in use on HF. The 15-VDC power source
is the one shown in fig. 2. Two DPDT relays bypass the active antenna preamp stages for straight-through operation on
2 meters. Six-volt relays will work, providing the coils are wired in series. Component values are not shown if unchanged

o AY! ~
) Al

device dissipation. Shunt feedback sets the stage gain
and insures stable operation. A series choke in the
feedback network allows greater gain at higher fre-
quencies, this is necessary because the ft (the gain-
bandwidth product, or the frequency at which the cur-
rent gain reduces to unity) of the 2N3866 is only 500
MHz. A broadband interstage matching transformer
is used between the source follower and bipolar ampli-
fier. Using 20 bifilar turns allows enough inductive
reactance for operation through the AM broadcast
band. If AM broadcast band coverage is not desired,
the windings may be reduced to nine bifilar turns. This
will cause gain to start rolling off below 1800 kHz,
while yielding a slight improvement above 30 MHz.

All models were constructed and tested using point-
to-point wiring techniques on double-sided PC board
material. Phenolic soldering strips provide the
mechanical support needed for components and
wiring. While the results are not overly photogenic,
the circuit works as intended. Etched printed-circuit
construction is not needed here.

The outdoor model works best.! Mounted high and
in the clear, it is not subjected to the man-made noises
carried and radiated on the home’s wiring. Many com-
mon home appliances will generate copious amounts
of broadband hash across the HF spectrum: vacuum
cleaners, television horizontal-sweep circuits, fluores-
cent lights, light dimmers, computers, and numerous
other devices will cause grief for the serious HF
operator. While the antenna can be side-mounted to
an existing tower leg, it is best to mount it away from
nearby metal objects. If at all possible the antenna
should be top-mounted on the tower masting. Lead-
in coax can be either RG-59 or RG-58 type cable. RG-8
coaxial cable can be used with the outdoor combina-
tion 2-meter/HF model to limit the VHF losses.

use for 2 meters as well

Since the antenna probe is 48 inches long, we have
the basic foundation for a 5/8-wavelength vertically
polarized antenna for 2 meters. All that's required is
a matching transformer (fig. 4) to match the
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fig. 4. Construction details for the 5/8: two-meter radi-
ator and matching transformer. The transformer may be
formed by winding the antenna rod around a suitable
form. These dimensions were taken from the ASP-677
matching transformer assembly.

5/8-wavelength radiator to 50 ohms. Given a length
of stainless steel antenna rod, it is possible to make
the coil and whip one continuous piece. A commer-
cial 5/8-wavelength antenna, such as the Antenna
Specialists model ASP-677, could serve here as well,
and was my choice for my outdoor HF/VHF combina-
tion antenna. Note that the ASP whip is cut for about
46 inches (1.17 meters); this is because of the added
length introduced by the spring assembly. Half-wave
or 5/8-wavelength antenna designs using grounded,
tapped matching transformers will not work. The ex-
tremely small inductances will short circuit HF signals.

Three or four ground radials are needed for the
2-meter/HF combination active antenna. These should
be a little longer than a quarter-wavelength, 20-inch
lengths of stainless steel antenna whip wire or
aluminum tubing will serve here. SWR is adjusted by
trimming the radiator length; 48 inches will be about
optimum for the upper 2 MHz of the band. If trimming
the antenna does not yield an SWR under 1.5 to 1,
compressing or expanding the transformer coil should
provide a good match. The radials must make good
electrical contact to the metal enclosure housing the
antenna. A Radio Shack catalog No. 270-238 mini-box
houses my unit. Its 5-1/4 x 3 x 2-1/8 inch (13.34
% 7.62 x 5.52 cm) size is roomy enough to comfort-
ably mount the preamp components. The PC board
used for mounting the active antenna components
must also make a good low-impedance RF ground
connection to the enclosure. This provides the needed
RF ground path for the 2-meter antenna. If the ASP
antenna is used, a short length of RG-58 coax should
be used between the 3/8-inch snap-mount and pre-
amp changeover relay. Use short coax lead connec-
tions to the relay and ground.
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Figure 3 outlines the electrical details for the dual-
purpose antenna. Two miniature hermetically sealed
relays are used to bypass the preamp stages, allow-
ing straight-through operation for 2 meters when the
power is removed from the antenna. Metal-can 6 VDC
hermetic relays can be used, providing the coils are
connected in series. Six-volt relays are often more
easily available, and cheaper, than their 12-volt
counterparts. A 1N4007 silicon power diode protects
the amplifier from reversed supply voltages; and from
the counter-EMF generated by the relay coils as power
is removed. Depending on the length of coax used,
the power supply voltage may have to be increased
to compensate for voltage drops in the coax cable.
The 2-meter version draws over 100 mA; at least 12
volts should be available at the antenna preamp.

Short leads are mandatory for good VHF operation.
The straight-through 2-meter operation uses a short
piece of coax cable between the relays. RG-174 is okay
for this, but extremely short ground and center wire
connections must be made at the relays. The shack-
mounted power supply unit should be as carefully con-
structed, to keep the losses at a minimum. Note the
use of the DPDT switch; it does ""double-duty” in
switching the power to the antenna preamp and also
changing the feedline between the HF receiver and

=
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The finished dual-purpose active antenna. Note the installa-
tion of the 1/4- wave 2-meter radials. (See W6SAIl's November,
1984, column in ham radio for a timely discussion on im-
proving radial performance for 5/8-wave 2-meter antennas
used in this fashion.)



2-meter FM rig. Very short leads are used for the coax
connections at the switch terminals, avoiding severe
impedance bumps at 146 MHz. Use care in soldering;
overheating the center insulation may result in a short
to the coax braid. The outdoor antenna enclosure
should be weatherproofed. (Silicone bathroom caulk
will do well for this purpose.) Be sure to allow for con-
densation; a small drain hole on the bottom of the
enclosure is needed. Also spray the PC board and
components with clear acrylic spray to prevent corro-
sion. Anti-moisture and fungicidal varnish, carried by
some electronic suppliers, is what | used, and it is also
ideal for sealing the coax connections after they have
been taped.

what to expect

Although performance of either model is adequate
for casual monitoring, it is difficult to evaluate these
antennas unless an antenna test range equipped with
full-size antennas for all of the frequencies involved
is available. S-meter comparisons alone can be decep-
tive. A higher S-meter reading may be obtained with
an active antenna with excessive internal gain, while
the signal-to-noise ratio may be best on the compar-
ison antenna. This lesson was demonstrated some
years ago when | tried using an old RME preselector
ahead of a 51J3 Collins receiver. Above 15 MHz the
S-meter was very “busy’’. Switching off the preselec-
tor often dropped S-9 signals to an S-1 or less, even
though the readability increased dramatically.

With the active antenna connected to your HF
receiver and turned on, a slight increase in receiver
noise should be heard. Disconnecting the whip an-
tenna from the preamp should cause a noticeable re-
duction in receiver noise. This is a good indication that
everything is working as it should. The gain of this
active antenna is not as great as some commercial
units ['ve used in the past. Do not expect signals to
produce the same S-meter readings as a full-size
antenna.

Some variations of the design are possible. SWL's
with a need for coverage in the LF ranges below 550
kHz might consider eliminating the interstage match-
ing transformer. However, without the matching trans-
former, 60-cycle cross-modulation from strong nearby
AC powerline fields will be an annoying problem. This
can be especially troublesome in the indoor model
where the probe and preamplifier stages are near to
the power transformer. The limiting factor for LF per-
formance is the choke values used to isolate the DC
supply voltages. They will have to be increased to
allow operation below 500 kHz. There is no magic in
the antenna probe length — antennas as short as 20
inches might prove adequate. The 48-inch length was
selected to allow 5/8-wave 2-meter operation. An
18-inch (45.7 mm) probe could serve as a 1/4-wave

2-meter radiator and eliminate the need for the 2-meter
matching transformer.

A few words of caution: the 2-meter antenna will
handle about 25 watts. More than this invites damage
to the 1-uH chokes. When using the antenna on an
HF transceiver, never transmit into the antenna.
Always disconnect the mike and key and set the drive
and mike controls at minimum before connecting to
the active antennal!

There you have it, all in one package: an all-band
HF antenna for SWL'ing on your transceiver and a
2-meter antenna for your FM rig. Considering the
obstacles facing many Amateurs — lot size, restric-
tive zoning regulations, and unsympathetic landlords
— this antenna will offer a lot of performance in a
small, inexpensive and inconspicuous design.
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9 MHz CRYSTAL FILTERS

Appli- Band-
clﬂlron width Poles
2.4 kHz

55B 24 kHz

24 kHz

24 KHz

24 kHz

3.75 kHz

50 kHz

120 kHz

500 Hz

500 Hz

[ o 250 Hz

IF noise 15 kHz

10.7 MHz CRYSTAL FILTERS

XF107-A NBFM 12 kHz
XF107-B NBFM 15 kMHz
XF107-C WBFM 30  KHz
XF107-D WBFM 36 kHz
XF107-E Pix/Data 40  kHz 67.30
XM107-S04 FM 14 kHz 30.15

Export inquines Invited Shipping $3.75

MICROWAVE MODULES VHF & UHF EQUIPMENTS

Use your existing HF or 2M rig on other VHF or UHF bands

LOW NOISE RECEIVE CONVERTERS

1691 MHz MMk 1691137 $249 95
1206 MHz GaAsFET MMK1296-144G 149 95
432/435 MMc432-28(S) 74.95
439-ATV MMc439-Ch x 8495
220 MHz MMc220-28 69.95
144 MHz MMc144.28 54.95
Options: Low NF (2.0 dB max_, 1.25 dB max }, other bands & |F's available

LINEAR TRANSVERTERS

1296 MHz 1.8 W oulpul, 2M in
432/435 10 W output, 10M in
144 MHz 10W output, 10M in
Other bands & IFs available

LINEAR POWER AMPLIFIERS

1296 MHz 20 W output UP1296-20-L 439 95
4321435 100 W output MML432-100 369 95
50 W output MMLa32-50 199 .95
30 W oultput MMLA32-30-1L.5 209 95
200 W oulput MML144-200-5 374 95
100 W output MML 144-100-LS 239.95
50 W oulput MML144-50-5 149 95
30 W output MML144-30-LS 109 95

All models inclutie VOX T/IR switching
“L" models 1 or 3W drive, others 10W drive

Shipping: FOB Concord, Mass

ANTENNAS

420-450 MHz MULTIBEAMS 183

28 Element T0/MBM28 12 dBd T $39 95
48 Elemant 70/MBM48 15 7 dBd 50 95
B8 Elemant 7O/MBMABSR 18 5 dBd 5 B 95

144-148 MHz J-SLOTS

B over 8 Hor pol D8/2M 12 3 dBd $63 40
8 by B Vet pol D8/2M.vert 12 3 dBd 79 95
10 « 10 Twist 10XY/2M 11 3 dBd 6995

UHF LOOP YAGIS

1250-1350 MHz 29 loops 1296-LY 20 dBi 4795
16501750 MHz 29 loops 1691.LY 20 aBi 57 95
Order Loop-Yagi connector extra Type N $14.95 SMA §5.95

o aooOoO@mDoUL

MM11 296 144-G $299 95
MMI432-28(5) 259 95
MMI144-28 169 95

144 MHz

Jt VHE & UME eguig

(617) 263-2145
SPECTRUM
TERNATIONAL, INC.
Post Office Box 1084
ord, MA 01742, U.S.A.
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control your take-off angle:
the JR vari-lobe antenna

Dial in your skip distance
and maximize your signals

The ham radio staff was saddened to learn of the recent
death of Dick Schellenbach, W1JF.

In memory of this exemplary Radio Amateur we are proud
to present the following two articles.
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fig. 1. The original Reinartz antenna system. A current-
fed Hertz (on 80 meters) with one quarter wave section
horizontal and unconventional three-wire tuned feeders.
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Most Radio Amateurs, I'm sure, are quite familiar
with the directional properties of simple halfwave
antennas. In these antennas, the majority of radiation
is broadside to the radiating element, in the case of
a horizontal type antenna. Some Amateurs may be
familiar with, or may have experienced, the effect of
raising or lowering an antenna and have seen how its
launch angle, as well as its impedance, was signifi-
cantly affected by the change in height. In this respect,
a lower angle of vertical radiation usually produces a
stronger signal further out in distance than one that
has an extremely high angle of radiation when the
communication path is governed by sky waves. This
path distance versus launch angle phenomenon is very
noticeable on the lower frequency Amateur bands of
160, 80, and 40 meters, where both high and low
angles of radiation are useful in radio communications.

Given the fact that a half-wave antenna generally
radiates most of its signal broadside to the antenna,
what would you think of a simple modification that
would permit controlled selection of its radiation angle?
This would allow the Amateur station to take advan-
tage of the prevailing ionospheric conditions, night or
day, and therefore enhance signals to and from a par-
ticular distant location. Such an antenna system /s
feasible.

The basic idea for the variable lobe system was
developed fifty years ago by the legendary John L.
Reinartz, W1QP."

In developing this new concept and publishing the
results of his experiments Reinartz discovered he truly
had a multiband antenna system as well as one pro-
viding versatile radiation angle control allowing him to
maximize signal strengths at different locations.
Reinartz also found out he could compensate for time-
varying propagation conditions, especially when the

By R.R. Schellenbach, W1JF, 12 Whitehall
Lane, Reading, Massachusetts 01867



reflective layer was in the process of changing heights,
thereby requiring a different radiation angle while he
was communicating.

The ability to alter an antenna’s vertical lobe
characteristics is one solution to the thought-
provoking question, why does it often seem that signal
reports appear to differ drastically between individual
stations, even when the stations are located only a few
miles apart in the same general direction?

The causes for inconsistencies between signal
reports include a myriad of possibilities such as
polarization differences, vagaries of the ionospheric
reflective layers, multi-hop propagation, launch radia-
tion, and receiving station antenna angle differences,
to name a few. Because of the large number of vari-
ables affecting sky-wave propagation, the solutions
to these problems are complex. However, if a radio
station possesses the capability to adjust to any poten-
tial condition, the inconsistencies are not at all impor-
tant — only the corrective measure capability matters.

Reinartz recognized the same perplexing propaga-
tion differences between the station he worked and
proposed that if he were to vary the vertical angle pat-
tern of his antenna, he should maintain a maximum
signal strength at both ends of the communication
path. In his model, Reinartz developed an antenna
system which is basically a simple current-fed Hertz
type antenna with one quarter-wave horizontal sec-
tion and another sixth-wave feeder section, the latter
consisting of two normal operating feeders and a third,
vertical wire carried into his ham shack for tuning and
compensation control. The original Reinartz version
of the controlled radiation angle antenna is shown in
fig. 1. The model as shown, operating on the 80-meter
band, proved to be capable of operating under ver-
tical angle of radiation control at twice or even four
times its fundamental design frequency.

In spite of the antenna’s multiband capability, it was
used primarily on the 80-meter band, where daily and
seasonal propagation effects were more pronounced
and allowed Reinartz to do a lot of experimentation
during variable band conditions.

how it works

Referring again to fig. 1, illustrating the original
Reinartz antenna system, it should be mentioned that
the variable capacitor C2 was found to be unnecessary
in the 80-meter application and that all vertical angle
lobe changing was affected by varying C1 while main-
taining resonance of the parallel L/ C network against
ground for each particular operating frequency.
Reinartz used an RF current reading ammeter to deter-
mine resonance in the third {vertical) feeder wire, but
the meter is deemed unnecessary, as other means are
available to determine proper resonance of the vertical
wire section.

r/6 8'p
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AT RESONANCE

fig. 2A. Mechanism for changing current point 8 up or
down by adjustment of series capacitor C1.

More details of the mechanism for changing the
antenna’s vertical field pattern is shown in figs. 2A
and 2B, where on the 80-meter band these figures in-
dicate the voltage and current distributions on the
model and the method employed to change the radi-
ating current points on the system. The horizontal wire
section of the antenna in fig. 2A is only one-sixth
wavelength above the ground and hence, most of its
radiation is directed upward — a real "‘cloud burner."’
During nighttime conditions, for example, this pattern
would produce strong local signals because of the high
angle and short distance skip zone; if we were to move
the current point from the top of feeder number 3
downward, however, then the radiation characteristic
would be reversed and the antenna’s radiation would
become predominately low angle — good for DX.

The change in vertical radiation pattern with rela-
tionship to the RF current maximum point on the third
(vertical) wire section is illustrated in fig. 3. As one
may surmise, the third vertical wire section of the
antenna functions to provide the vertically polarized
and low angle lobe control for the system. By control-
ling the current distribution by altering capacitor C1
in the series tuning circuit of fig. 2, the Vari-Lobe
antenna changes from a high vertical angle radiator
to a low vertical angle radiator quite simply. When
capacitor C1 is slowly tuned, the antenna’s vertical
pattern may be finely adjusted anywhere between the
two extremes dipicted in fig. 3. This tuning control
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CURVE

CURRENT POINT A STAYS
PUT FOR A GIVEN BAND

VERTICAL
FEEDER NO.I

“  HORIZONTAL
RADIATING SECTION

example).

VERTICAL
FEEDER NOD.2

fig. 2B. The antenna system shown stretched out to illustrate the standing wave (voltage and current) distribution (80-meter
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fig. 3. The vertical field pattern differences with shifting
current point Bto B'.

effectively allows the operator to “tune in” the re-
quired skip distance to another station for maximum
signal strength. Large departures in current control by
changes in capacitor C1 will require slight readjustment
to the resonance of the parallel tuned circuit between
the vertical section wire number 3 and ground.

According to tests by Reinartz in which he instru-
mented the vertical wire from top to bottom with small
pilot lamps to indicate antenna current distributions,
the further downward the current maximum was
toward the one-eighth wavelength point, the greater
the low angle effect and the further out the skip
became.

It is interesting to note that Reinartz performed
many of his early experiments and collected data on
the shifting field strength patterns on the 10-meter
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band. Later, actual on-the-air tests using a full-scale
3.5 MHz (80 meter) model was used to communicate
with a number of Amateurs up and down the east
coast of the United States.

Concluding remarks by Reinartz indicate that his
repeated tests showed that compensation for the ad-
vance of time from early evening to past midnight
must be made by a change in the location of the max-
imum current point on the vertical section in order to
maintain maximum signal strength at the receiving sta-
tion. During daytime operation, he noticed that
although there was one generally satisfactory setting
of C1, slight changes could be made in the lobe adjust-
ment to provide a maximum signal at some particular
receiving station. He noticed too, that some stations
were always consistent in the antenna’s lobe setting
for obtaining a maximum signal strength.

a modern version of the JR antenna

By carrying Reinartz's ideas further and adding
modern improvements, the JR Vari-Lobe antenna
came into being. The new system offers more oper-
ating frequencies with ease of controlled radiation from
either the ham shack or by remote control. The
modern version is shown in fig. 4 and its control sec-
tion in fig. 5. | prefer the remote tuning method
because it keeps the necessary radiating elements
away from the surrounding objects such as houses,
trees, telephone and power lines, etc. The JR Vari-
Lobe antenna’s performance could be adversely influ-
enced by such local obstructions because the antenna
is a relatively low height system and it utilizes low angle
vertical polarization.



As an additional feature of modernization, | incor-
porated a 15-meter “‘high gain’’ capability by using the
“JF Array’? principally on the horizontal section.
When used, the JF Array mode is automatically in-
voked when the system is tuned up on the 15-meter
band. On this frequency, the antenna acts as a two-
element, wide-spaced collinear array producing a good
3-dB gain broadside to the horizontal sections. Ver-
tical angle selectivity is not used on this higher frequen-
cy band because the system is operated in its ‘‘Zepp”’
mode, in which feeders A and B are used and B and
C are tied together as shown in figs. 4 and 5.

The reader will notice that there are small differences
between the original Reinartz antenna and the modern
version. Most of the recent changes were brought
about by the addition of the JF Array feature and a
more compatible feeder length to handle multiband
applications. In a departure from the original antenna
system, we have taken advantage of using a multi-
band tuning network to implement the third wire to
ground resonance of the system. This expedient is in
keeping with modernization of the compensation
tuning, since in practice, only one adjustment needs
be made for each operating band segment, and one
that holds for a bandwidth of 40 to 60 kHz on the
80-meter band and greater than 60 kHz on the
40-meter band.

The coaxial transmission line to the radio station
equipment may be provided by either a 50 or 75-ohm
coaxial cable through a 1:1 balun transformer con-
nected across a few turns at mid-point on inductor L
of fig. 5. As discussed previously, capacitor C1 of fig.
5 is the vertical lobe angle control, where decreasing
its effective capacity corresponds to raising the cur-
rent maximum point on the vertical wire number 3 cor-
responding to a high lobe angle for the antenna. Con-
versely, an increase in capacitance by C1 results in
lowering the current maximum point on the vertical
wire number 3 corresponding to a low angle of radia-
tion for the antenna. Each extreme capacitance
change of C1 must be followed by an adjustment of
the parallel tuned resonance circuit, especially if the
operating frequency has also been changed beyond
the bandwidth restrictions previously mentioned.

performance

Because the JR Vari-Lobe antenna system is in-
tended to be used primarily on the 80 and 40-meter
bands with infrequent excursions to 15 meters, it is
important to have a good ground in order for the
system to work well. Ground radials should be
employed beneath the horizontal section of the an-
tenna and extend outward in a fan shape from the third
(vertical) wire section. A good ground system will not
only enhance the lobe selectivity feature, but will also
significantly diminish ground losses surrounding the
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[ (10.3M)
'

) I

22.5'
(6.86 M)}

40-45'
(12.2m-

//v 13.7M)
ALL FEEDER SPACINGS

TYPICALLY 3"(76mm) TO 6"(152mm) APART

J> o o-J;
A B c

fig. 4. The modernized JR vari-lobe antenna system.

INTERCONNECT POINTS A,8,C,
BETWEEN FIG'S. 4 AND 5. THE
PLACEMENT OF TAPS A AND B
ON LI SHOULD BE MINIMUM
INDUCTANCE, CONSISTENT WITH
Cl SETTING AT MAXIMUM
CAPACITY AND CURRENT POINT
B8' A/8 DOWNWARDS ON
VERTICAL WIRE NO. 3.

SWITCH
OR RELAY

ZEPP

c/
300pF VARI-LOBE

L

1t BALUN

baPabahaial dall N il
DUAL
300 pF/SECTION

AV

50/75 OHM
< COAXIAL CABLE

ANY LENGTH
LI=10pH TOTAL INDUCTANCE WITH

TAPS AS APPROPRIATE.

fig. 6. The tuning section for all bands and modes.

radiating system, especially on the lower frequency
bands.

On-the-air tests were conducted on the 80, 40, and
15-meter bands over a period of three months. Based
on these tests, it may be stated that the JR Vari-Lobe
radiation characteristics on the 80 and 40-meter bands
successfully proved to correspond to Reinartz’'s theory.
The variable angle selectivity feature has enabled max-
imum signal strength adjustment over different path
distances both during night and daytime conditions.
While operation on the 15-meter band does not include
variable angle control, it has proven to be an effec-
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tive radiating system of modest size and relative
simplicity. Although tests were not performed on the
10 and 20-meter bands, Reinartz has shown the an-
tenna system will operate as a conventional Zepp on
all bands and if desired, with variable angle control as
well. Conventional Zepp configurations do not require
the parallel tuning network to ground for the third (ver-
tical) wire. Thus, the simple expedient of tying
together feeders B and C of fig. b changes the antenna
into a Zepp configuration. The Zepp mode may be
used on all bands higher than 80 meters, providing a
flexible multiband antenna system if you don’t mind
the coupling adjustments and tuning of two feeder
wires. The system is a natural for the Amateur who
has limited antenna space but would like something
different and more versatile than other systems.

resonance tuning features

The original Reinartz antenna system used an RF
ammeter in series with the ground connection to deter-
mine resonance of the antenna when excursions were
made in lobe angle and frequency. A diode detector
probe positioned near the top of the parallel tuning
network will work as well and could be remoted quite
easily if desired. However, it is also posssible to tune
the system “‘by ear.”” When the parallel tuned circuit
is tuned to the correct resonant point, a noticeable
increase in received signal strength or background
noise is apparent, thereby dispensing with the require-
ment for remote meter reading.

The multiband tuner operates satisfactorily over all
of the harmonically related Amateur Radio bands to
maintain resonance of the system. Obviously, if only
limited operation is contemplated on 80 or 40 meters,
then the multiband tuning function may be eliminated
and a single-band network would serve as well. In my
installation, using remote controlled tuning proved to
make the operation of the Vari-Lobe a joy to use. Small
24-VAC furnace valve control motors were coupled to
the shafts of both tuning capacitors to provide remote
tuning control from the shack. These small, econom-
ical motors rotate slow enough to allow sufficient
tuning resolution and accuracy even though they are
turning only in one direction. An alternative to these
AC-type control motors are surplus stepping motors
featuring bi-directional incremental DC pulse control
with 3.65 degree/step resolution. These devices are
available from a number of sources for a nominal price.
Some even include additional gearing for slower
response.

references

1. J.L. Reinartz, A New Antenna System For Operating Control of Radia-
tion,” QS5T, February, 1935, page 9.

2. R.R. Schellenbach, W1JF, “The JF Array,” QST, November, 1982,
page 26.
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the end-fed 8JK:
a switchable vertical array

30/40-meter antenna
radiates at low angles
and requires little space

This array was developed to provide maximum gain
in a compact, convenient low-vertical angle antenna
system. The 40-meter version requires only 1225
square feet of area, and the 30-meter version, less than
half that amount.

The 30- and 40-meter bands were selected because
of the increased activity on those bands — especially
for DX — resulting from the diminishing MUF caused
by declining solar activity. The selectable directivity
and low radiation angle of this system should offer
significant performance advantages as interference
and competition on these bands increase. While the
gain of this phased array is modest, the system will
effectively double the RF radiated power of a single
vertical in the preferred direction. The array also pro-
vides deep nulls spaced 90 degrees apart on each side
of the main beam pattern, thus improving rejection of
unwanted signals.

theory of operation

The 2 x 2 phased array is a pair of two parallel-
element end-fire vertically polarized matched arrays,
each of which is similar to W8JK's single section
beam, with elements fed 180 degrees out of phase and
spaced 1/8 wavelength apart. A composite simplified
view of the array is shown in fig. 1. By folding the
top and bottom 1/16-wavelength end sections of each
element, a useful height reduction results without
significantly effecting similar normal full-size array
characteristics caused by element folding. Because
each connecting wire at the base and the elevated end
sections are only 1/16 wavelength long and carry very
little current, little radiation and pattern distortion result
from these folded sections

construction and implementation

Figure 2 depicts the 2 x 2 phased array configura-
tion; table 1 provides the element lengths and spac-
ing as well as mast height requirements. Figure 3 il-
lustrates the matching 1/4-wavelength stub and
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fig. 1. Composite — simplified view of 2 x 2 phased
array.

By R.R. Schellenbach, W1JF, 12 Whitehall
Lane, Reading, Massachusetts 01867
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NOTE

1 ALL WIRE IS NO.I4 -NO.I12 COPPER OR
COPPER CLAD STEEL

2.ACTUAL DIMENSIONS FOR EACH BAND
ARE SHOWN IN TABLE |

fig. 2.2 x 2 phased array configuration; single element
shown.

remote relay switching scheme including a balun for
mating with coaxial cable. The length and physical
positioning of the coaxial cable into the station are not
critical.

Because the 2 x 2 phased array consists of two iden-
tical two-element arrays crossing at right angles to
each other, a simple DPDT relay controls the selec-
tion of the array to be connected to the common
1/4-wavelength stub and hence through the balun
transformer and coaxial cable into the station.

Once the 1:1 balun transformer tap position has
been adjusted for a low VSWR at the desired operating
frequency, no tuning or matching are required bet-
ween the station and the system. The actual tap posi-
tion depends on the stub line impedance and inter-
wiring characteristics of the relay switching.

In order to reduce difficulties in array matching as
much as possible, each element on an array — as well
as the overall symmetry of the arrays — should be
made as identical as possible to preserve balance and
uniformity when changing directivity. Because a com-
mon 1/4-wavelength stub is used for matching into
the antenna system, it is important that all wire con-
nections to the DPDT relay be made equal in length.
In placing the tap point for the balun transformer, you
will find that with 75-ohm coaxial cable, the tap loca-
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table 1. Physical dimensions for the 2 x 2 phased
array on 40 or 30 meters.

40-meter 30-meter

operation operation
L1 8.75 feet 5.80 feet
L2 43.00 feet 29.00 feet
L3 (stub) 34.00 feet” 23.25 feet”
S 17.50 feet 11.60 feet
overall length 35.00 feet 23.25 feet
pole height (min.) 45.00 feet 31.00 feet

*May be laid horizontal as required.

tion will be a few inches higher toward the relay end
than that of 50-ohm coaxial cable. More detail on pro-
per matching is provided fater, but the process is sim-
ple and provides wide bandwidth on either band of
operation.

site and space requirements
Four poles, preferably wooden, are required to sup-

ARRAY NO.2 ARRAY NO.J

OPOT RELAY

DIRECTION 2

1

DIRECTION |

2"-4"(50.8-101.6mm) SPACED
EACH FOOT OR TWO TO

L3 SUPPORT SPACING BETWEEN
(TOTAL LENGTH WIRES. USE NO.I6 TO NO.I4
MEASURED FROM DRAWN COPPER WIRE FOR
RELAY TERMINALS sTU8.

TO END OF STUB).

/-——L— PLEXIGLASS SPREADERS

BALUN TRANSFORMER

TAP PO/NT\

50 OR 75 OHM COAXIAL
CABLE INTO STATION.
LENGTH NOT CRITICAL,

Rs

NOTE:

BECAUSE OF HIGH IMPEDANCE AND HIGH VOLTAGE
AT THE RELAY CONTACT POINTS, USE HIGH QUALITY
INSULATED TYPE RELAY.

fig. 3. Matching quarter-wave stub, relay and balun
transformer installation.
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fig. 4. Site and space requirements of 2 x 2 array:
(A} 40-meter version and (B} 30-meter version.

port the array. While they are oriented as shown in
fig. 4, the distance between them can be increased
to meet individual requirements. Figure 4 also indi-
cates the principal beam directions with respect to the
DPDT relay position that is controlled from the sta-
tion end. Using this directivity characteristic of the ar-
ray, the individual beam patterns may be oriented in
the most favorable compass directions.

To assure maximum low angle radiation and deep
null beam pointing performance — and to eliminate

effects of pattern distortion and RF absorption — the
array should be located in an area free of structures
or power lines for at least 250 feet from its center on
40 meters and 190 feet on 30 meters.

technical performance

The 2 x 2 phased array provides approximately 4 dB
gain over conventional 1/2-wavelength dipoles and 6
dB gain over 1/4-wavelength ground mounted single
verticals. The azimuthal bi-directional beam pattern,
although relatively broad, (approximately 80-degree
half-power beamwidth) has quite deep nulls, better
than 20 dB down from the main lobe maximum. The
nulls are also bi-directional in either case and are
located at right angles (30 degrees) to the two major
beam lobes produced by each active array.

In operation, these nulls may be used to advantage
to eliminate strong interference coming from an
undesired direction. The major radiating point on each
active element occurs at a point 42 percent up from
the bottom end of each vertical. The distance between
the bottom horizontal 1/16-wavelength inter-
connecting wires and earth ground shouid be no more
than 2 to 3 feet for proper performance.

remote switching and
balun tap alignment

The simple arrangement of a common
1/4-wavelength stub switching to activate either ar-
ray provides controlled directivity for both transmit-
ting and receiving. The length of the 1/4-wavelength
stub for either band is given in table 1 as a starting
point for the balun tap position.

The tap should be made progressively upward from
this overall dimension. Each time the tap location is
changed a few inches at a time, the operator should
observe an in-line measurement of SWR. The proper
tap point will result in the lowest VSWR reading when
matching into appropriate coaxial cable using a 1:1
ratio type balun transformer. The use of a balun in this
array application is highly recommended to maintain
a complete balance of the array system and to
minimize beam pattern distortions as well as deteriora-
tion of noise pick-up immunity so characteristic of
poorly matched or unbalanced feed systems.

The coaxial cable, whose length is not critical, may
be buried and its outer shield grounded for further im-
munity from noise pick-up in severe cases.

Because of weather considerations for rain or snow,
the DPDT relay should be mounted inside a waterproof
enclosure. This may be combined with supporting the
four bottom horizontal 1/16 wavelength wires if the
enclosure is elevated by a post at the recommended
2 to 3 feet above the ground level.

ham radio
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feeding phased arrays:
an alternative method

Carefully chosen
feeder lengths
provide

good match

This article describes a method of feeding a two-
element phased-array antenna without using impe-
dance-matching or phase-delay networks at each ele-
ment. The method requires determining the length of
the feedline from each antenna to the ‘“common
point” (the point at which the feedlines are combined)
and installing a matchbox or antenna tuner at this loca-
tion (or in the shack) in order to transform the paral-
leiled impedance to 50 ohms.

network method of matching

As was clearly pointed out by Forrest Gehrke, K2BT,
in his extensive series of articles on phased arrays, the
insertion of a 90-degree delay line into a feeder will,
in most cases, not guarantee a 90-degree phase shift
in the feeder current." If the actual driving-point impe-
dance of each element is known (for a specified cur-
rent amplitude and phase), then the voltage amplitude
and phase at any point on that feeder can be calcu-
lated. The technique given by K2BT allows one to
choose any convenient length for the antenna feeders
and then design suitable networks to alter the feeder
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voltages so that they are all transformed to the same
value of voltage amplitude and phase. These terminals
can then be safely and correctly joined together (at
the ““‘common point’’) since they are all at the same
voltage. The impedance-matching and phase-delay
networks are used to force all the voltages to be the
same. Any convenient length of 50-ohm transmission
line {the main feeder) can then be utilized to span the
distance from the common point to the shack. The
main feedline will be “flat” (the SWR will be low)
because the networks at the ends of the antenna
feeders are designed to present a combined impe-
dance of 50 + j0 ohms (pure resistance) when "“look-
ing’’ into the common point toward the antennas (see
fig. 1A).

The method shown in this article calculates the
voltages that must exist at various points along the
antenna feeders. When a point is found on one an-
tenna feeder where the voltage (both amplitude and
phase) is identical to the voltage at some point on
another antenna feeder, then those two points can be
connected together without altering the relationship
of the currents at the driving points of the two anten-
nas. Rarely will the impedance seen looking toward
the antennas from this common point be 50 ohms.*
Thus, the main feedline running from this point into
the shack will not be flat (the SWR will be high) and
a matchbox or tuner will be needed at the operating
position to present a well-matched load to the trans-
mitter, (see fig. 1B). Note: the matchbox could be

By Al Christman, KB8I, Department of Electrical
and Computer Engineering, Ohio University, Clip-
pinger Lab, Athens, Ohio 45701-2979



placed into this circuit at the common point if desired.
Then the mair feeder into the shack would be ‘‘flat”
as in fig. 1A. Of course, the matchbox would then
be ““dedicated” to the array and could not be used for
other purposes unless removed.

calculations are simple

Only one formula, used repeatedly, is needed to
calculate the voltages at all points along the antenna
feedlines. It's best to utilize a personal computer or
programmable calculator to reduce the drudgery of
this task.

EIN = TOUT (AZL + B) (1)

where E;y = voltage at the input end of the
antenna feeder

Ioyr = current at the output or load end
of the antenna feeder
= current at the driving-point of the
antenna

Z; = impedance at the output or load
end of the feeder
= driving-point impedance of the

antenna
A = cos 0
B = jZp sin
Zy = characteristic impedance of the

antenna feeder

¢ = electrical length of the antenna
feeder, in degrees (360
degrees = \)

Note that E[N, loyr, and EL are all complex
numbers; that is, they have both magnitude and
phase. The equation therefore requires the use of com-
plex, or vector, arithmetic. A and B are two of the
““ABCD" parameters discussed by K2BT in Part 5 of
his series.? (In addition, both “A" and ‘B’ can be
complex numbers as well. “A"’ is complex if the cable
attenuation is taken into account.)

The goal is to find a place on the antenna No. 1
feeder where the voltage is identical to the voltage
somewhere on the antenna No. 2 feeder. To do this,
make a list for each antenna, labeling one column for
“feeder length in degrees’’ and the other “voltage at
end of feeder.” Then calculate and record the voltage
on each feeder at 10 degree intervals. After finding
10 or 15 values for each feeder, stop calculating and
compare the lists. It is better to record the voltages
in polar form {amplitude and phase angle) for easier

*A 1:1 VSWR occurs only when the paralleled driving-point impedance of
the elements equals the characteristic impedance of the line. Editor.

% %

ANTENNA FEEDERS

/—ANY CONVENIENT LENGTH
L \

(USUALLY BOTH EQUAL)

COMMON POINT

MATCH DELAY —MATCH

MAIN FEEDER

}
(A) (LOW SWR ‘

ANTENNA FEEDERS
/ EACH LENGTH \
MUST BE CALCULATED

RIG

COMMON POINT /

MATCHBOX RIG

MAIN FEEDER
@ (HIGH SWR)

fig. 1. Diagram shows similarities and differences be-
tween KB8lI's method and that of K2BT. (A} The effect
of different feeder lengths are compensated for by the
use of individual matching circuits. (B) By moving the
matchbox to the common point arbitrary feeder lengths
can no longer be used (see text).

comparison. Also, keep all the angles less than or
equal to 180 degrees. (For example, an angle of
— 230 degrees is equivalent to + 130 degrees. Always
use the smaller number.) When two amplitude values
are found that are close to each other, check the
angles to see if they are similar. If both amplitude and
phase are ’in the ballpark,’’ redo the calculation at 1
degree or 1/2 degree increments until two lengths are
found where the voltages are identical, or nearly so.
If none of the recorded values on one list are compar-
able to those on the other list, continue the calcula-
tions and add more data points to the lists — in other
words, make the antenna feeders longer. It should be
possible to find the required line lengths within a
reasonable amount of time.

cutting the coax
After the required length of each antenna feeder has
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been calculated, it's time to actually cut the coax,
remembering to take the velocity factor of that partic-
ular cable into account. It's a good idea to actually
measure the velocity factor of the cable, rather than
relying upon the manufacturer’s data. Since the elec-
tromagnetic fields travel more slowly inside the cable
than they do in free space, the physical length of the
cable will be shorter than the electrical length:

L = 2.734 (Lo) (VP)/f 2

where L. = physical length of antenna feeder, in
feet {1 meter = 3.281 feet)

L, = electrical length of antenna feeder, in
degrees

V§ = velocity factor of the cable, as a
decimal (i.e., 0.66)

f = operating frequency, in Megahertz

switching directions

For a two-element array, the pattern may be re-
versed by interchanging the antenna feeder cables at
the antenna terminals. One way to do this, shown in
fig. 2, is to cut the longer of the two antenna feeders
into two pieces, one of which is the same length as
the shorter antenna feeder. These two equal-length
cables are then connected directly to the antenna feed-
points and the remaining third piece of cable is
switched back and forth from one antenna feeder to
the other using a DPDT relay. For best resuits when
building a switchable array, the lengths of the radia-
tors and the ground systems under each antenna
should be adjusted until both antennas have the same
self-impedance.?

20-meter array

| became interested in phased arrays while accumu-
lating the contacts necessary for WAS on 20 meters.
A home-brew three-element wire beam suspended
from trees at 18 feet (5.5 meters) seemed to be per-
forming satisfactorily, and | was working new states
at a good pace. However, a phone call revealed that
| was also “‘quite strong” on my neighbor’s {just to
the west) color TV set. | wasn’t too surprised because
his portable TV — equipped only with rabbit ears for
an antenna — was less than 50 feet (15.2 meters) from
my wire beam, and | was running the legal limit. It
became vitally important that | construct an antenna
that would concentrate all the RF energy toward the
east and place a big null right over my neighbor’s living
room — he s, after all, not only my neighbor, but my
landiord.

My backyard was too small for a two-element array
with 1/4 wavelength spacing, but the literature re-
vealed that 75 degree spacing (0.208 wavelength)

table 1. Voltages at various points along the antenna

feeders.
west antenna {I=1/0 degrees)
6 En
{degrees} {volts)

0 15.56 / —45 degrees
10 11.04 / —11.23 degrees

20 12.35 /33.2 degrees
30 18.17 /58.4 degrees
40 25.17 /70.4 degrees

50 32.02 /77.2 degrees
60 38.2 /81.7 degrees

70 43.4 /85 degrees
80 47.37 /87.7 degrees
a0 50 /90 degrees
100 51.19 /92.1 degrees
110 50.89 /94.2 degrees
120 49.11 /96.4 degrees
130 45.92 /98.96 degrees
140 41.43 /101.7 degrees

150 35.82 /105.4 degrees
160 29.32 /110.6 degrees
170 22.32 /119 degrees
180 15.56 /135 degrees

east antenna (1=1/ — 105 degrees)
0 Ein
{degrees) {volts)
0 49.68 / —64.9 degrees
10 54.92 / —57.95 degrees
20 59.16 / -52.13 degrees
30 62.14 / —46.98 degrees
40 63.69 / —42.2 degrees
50 63.74 / —37.53 degrees
60 62.27 | —32.77 degrees
70 59.37 / —27.65 degrees
80 56.19 / -21.87 degrees
90

850 / — 15 degrees
100 44.18 / —6.41 degrees

110 38.31 /4.83 degrees

120 33.26 /19.84 degrees
130 30.18 /39.02 degrees
140 30.09 /60.32 degrees

150 33.02 /79.71 degrees
160 37.99 /94.96 degrees

170 43.84 /106.39 degrees
180 49.68 /115.10 degrees

combined with 105-degree phasing would yield the
desired cardioid end-fire pattern. Measurements
showed that | could squeeze this array into the yard
without the radials protruding onto the property of my
neighbor to the east. Two tri-band trap verticals were
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Li =LENGTH OF SHORTER ANTENNA FEEDER
L2 =LENGTH OF LONGER ANTENNA FEEDER
L2=L/+L3

L Ll

MAIN FEEDER
TO SHACK

fig. 2. Wiring diagram for DPDT reiay used to reverse
directivity of array. Directivity is toward the right when
connected as shown.

erected, each atop a 15-foot (4.6 meter) mast. They
were spaced 75 degrees apart (14.4 feet or 4.4 meters
at 14.25 MHz) on an east-west line, and each had
twenty 1/4 wavelength radials. The feed system would
be designed so that each antenna received the same
current amplitude, but the east antenna would lag the
west antenna by 105 degrees, placing the null directly
on my landlord’s living room.

After everything was built, | used an antenna noise
bridge and calculator to analyze the system according
to the procedure described by K2BT.3 | measured the
self-impedance and driving-point impedance of each
vertical at the end of a known length of coax, and then
“rotated’’ each of these values to the antenna feed-
point. This may be done on a Smith chart or through
the use of the following formuia:

DZ;y-B

Zy = A-Copn (3)
where
Z; = load impedance at the output end of the
transmission line
Z;ny = impedance measured at the input end of
the transmission line
A = D =cosf
B = jZ,sing
= jsinB/Zy
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Zy = characteristic impedance of the transmis-
sion line
] = electrical length of the line, in degrees

While it's better to measure all the impedances right
at the antenna feedpoint, |1 didn’t enjoy the prospect
of standing on tiptoe perched 10 feet (3 meters) above
the ground. | opted for the easier way, and the data
obtained enabled me to calculate the mutual impe-
dance between the two verticals. | used this figure to
determine the actual driving-point impedance of each
element when fed by the currents | had specified for
the array. The product of the driving-point impedance
and current gives the actual voltage at the feedpoint
of each antenna:

west antenna:
I; = 1/0 degrees amperes

Z; = Il-j11 ohms
= 15.56 /—45 degrees ohms
E = 11Z; = 15.56 /—45 degrees volts

east antenna:

I = 1/-105 degrees amperes
Zy = 38 + j32 ohms
= 49.7 /40.1 degrees ohms
E, = IZ, = 49.7 /- 64.9 degrees volts

The antenna currents were assumed to have a
magnitude of 1 ampere for ease of calculation. The
actual current magnitudes will be determined by the
amount of drive power. What js important is that the
actual currents be equal in magnitude, and that the
east antenna current lags the west antenna current by
105 degrees.

My lists of the voltages that will occur at various
points along each antenna feedline are shown in table
1. Scanning the table, we can see that the voltage on
the west antenna feeder at a point 50 degrees from
the antenna is 32.02 /77.2 degrees volts, while the

voltage on the east antenna feeder at a point 150
degrees from the antenna is 33.02/79.71 degrees

volts. These two values are close to each other, and
we can now calculate more voltages, this time at 1
degree intervals centered around 50 degrees for the
west feeder and 150 degrees for the east feeder. This
information is shown in table 2. Comparing the
voltages on the two feeders, we can see that the
values are nearly identical for a 51-degree west feeder
(32.67 /77.77 degrees volts) and a 149-degree east

feeder (32.61/77.95 degrees volts).



table 2. Voltages at 1 degree intervals along the
antenna feeders.

west antenna (I=1/0 degrees)
(degrees) {volts)

30.02 /75.63 degrees
30.69 /76.12 degrees

31.36 /76.7 degrees
32.02 /77.2 degrees
32.67 [77.77 degrees
52 33.32 /78,27 degrees

east antenna (I=1/ - 105 degrees)
0 En

(degrees) {volts)
147 31.87 /74.29 degrees

148 32.23 /76.14 degrees

149 32.61 [77.95 degrees
150 33.02 /79.7 degrees

151 33.45 /81.43 degrees
152 33.89 /83.11 degrees

288 E Y

table 3. Theoretical front-to-back ratio of the
2-element phased vertical array.

elevation angle, front-to-back ratio

6 {(degrees) (dB)
0 oo
10 39.72
20 27.68
30 20.61
40 15.56
50 11.59
60 8.26
70 5.31
80 2.60

Notice that the driving-point currents are 105
degrees out of phase, yet the points on the feeders
where the voltages are in phase are only (149
degrees — 51 degrees =) 98 degrees apart. Also
notice that the east feeder, which has the lagging feed-
point current, is longer than the west feeder, which
one would expect.

Measurements on the RG8X cable used for the
antenna feeders showed that its actual velocity fac-
tor was 0.725 rather than the advertised value of 0.81.
Using eq. 2, the actual lengths of coax needed were
7.094 feet (2.162 meters) and 20.726 feet (6.317
meters}. These two antenna feeders were cut to length
and installed. A piece of RG-8 about 30 feet (9.1
meters) long extended from the Tee connector, where
the antenna feeders were joined, to the matchbox in
the shack.

The array performed as expected. State number 50

-1o -z0 -0 -z0
RELATIVE
POWER (dB)

WEST —+ + +———+
¢}

SOUTH

fig. 3. Azimuthal-plane power pattern for two 1/4 wave-

length monopoles; spacing = 756 degrees, currents =
1/0 degree, 1/ — 105 degrees, perfect ground; 0 degree

elevation angie.

so*
ZENITH

- . — +—t + - A——
0 -0 -20 -30 -40 -40 -30 -20 -0 0
WEST RELATIVE POWER (d8) EAST
HORIZON HORIZON

fig. 4. Elevation-plane power pattern for two 1/4 wave-
length monopoles; spacing = 75 degrees, currents =
1/0 degree, 1/ — 105 degrees; perfect ground; east-west

azimuth.

(Delaware)} was worked shortly thereafter, along with
contacts in Africa. There were almost no contacts to
the west — but there also were no further TVI prob-
lems. The major azimuthal and elevation-plane radia-
tion patterns are shown in figs. 3 and 4; the front-to-
back ratio in the main elevation plane is provided in
table 3. Natice that the front-to-back ratio is infinite
only on the horizon (0 degree elevation angle) and
deteriorates to just one or two S-units at high angles.
There is actually a fairly large rear lobe whose max-
imum occurs at an elevation angle of about 60
degrees. Thus, there will be a fair amount of radia-
tion and signal pickup off the back of the array if prop-
agation favors this high angle.
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conclusion

A technique has been demonstrated for feeding
two-element phased arrays based upon the premise
that the feeders from individual radiating elements may
be directly connected together if the voltages at the
point of connection are identical in magnitude and
phase. A method was shown for determining the vol-
tage at any point on an antenna feeder when the impe-
dance and current at the driving-point of the antenna
are given. Using these ideas, an actual 2-element ar-
ray can be built and operated successfully on the air.
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ham radlo

the first Radio Amateur

The world in 1900 was a far different
place than the world we know. No one
had heard of credit cards or ball point
pens; time sharing meant together-
ness, not computers. There were no
fluorescent lights, instant coffee,
antibiotics, Frisbees or frozen foods.
There was no television, no radio —
and no Amateur Radio.

Into this late Victorian era there
stepped a Giant. In 1896 a young
Italian arrived in England with some
mysterious scientific apparatus in his
luggage. The Customs officials, who
had seen nothing like it before,
examined it so thoroughly that the
delicate apparatus was completely
wrecked. This was the inauspicious
beginning of a venture destined to
remold the pattern of 20th-century
living.

Guglielmo Marconi, at 26, had come
to England to seek aid in developing
his latest invention, a means of sig-
nalling at a distance without wires. The
hub of a great Empire, Britain pos-
sessed the world’s greatest mercantile
fleet and the mightiest Navy — and it
was in shipping that Marconi could see
his dream come true, For once a ship
left the sight of land it was isolated
from the world. When disaster struck
— as it often did — some form of com-
munication between ship and shore
was sorely needed.
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Marconi demonstrated his equip-
ment to the War Office and the British
Post Office. The War Office was inter-
ested, but the idea of an alternative
means of communication seemed to
be unpleasant to the Post Office; it
was unenthusiastic.

By 1898 Marconi had successfully
demonstrated overland and ship-to-
shore communication and had formed
the Wireless Telegraph and Signal
Company Limited. From time to time,
communication across distances of up
to 100 miles could be established. Yet
therein lay an enigma. Hertz's early
experiments showed that the invisible
“wireless’’ waves obeyed the laws of
light and travelled in straight lines.
How, then, could Marconi commun-
icate beyond the visible horizon?
The scientific community regarded
Marconi’s experiments with caution.

The Post Office monopoly on long
distance telegraph communication and
other restrictions made it impossible
for Marconi to set up a revenue-
earning inland wireless telegraph ser-
vice. His company was rapidly going
bankrupt. What to do?

the transatlantic gamble

Marconi had two ambitions: one, to
prove his system offered dependable
long-range capability and two, to com-
pete directly with the Post Office,
breaking its monopoly, and maintain-
ing a profitable wireless telegraph ser-

vice. He conceived a bold stunt to
draw attention to his plan: he would
send a wireless signal across the
Atlantic! Marconi proposed a station
of breathtaking power, size, cost, and
complexity. It was like proposing to
build a cathedral in a world which had
seen nothing more grandiose than a
log hut. The directors of his company
objected to taking such a risk. His
grand idea was met with scorn and
disdain.

But Marconi convinced his col-
leagues to go along with his plan. The
station, to be built in Poldhu, Wales,
was staggering in concept; a 25 kilo-
watt power plant would drive a two-
stage spark transmitter (fig. 1) con-
nected to a 400-wire antenna sup-
ported by 20 masts, each 200 feet
high.

By early 1901 the station began to
take shape. Preliminary tests indicated
a range of at least 225 miles. Despite
a myriad of troubles, the station could
be heard as far away as lreland. It had
already proven that wireless waves
followed the curvature of the globe;
Marconi was certain that his signal
could be extended to North America.

In March, 1901, Marconi sailed for
America and chose the site for a sec-
ond station: South Wellfleet, a small
town on the eastern shore of Cape
Cod, Massachusetts. Leaving his chief
engineer there, Marconi returned to
England.
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fig. 1. Marconi spark transmitter at Poldhu.
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fig. 2. The temporary antenna used at Poldhu for the transatlantic tests.

Catastrophe struck in September
when a vicious gale hit the coast of
Wales, breaking one of the many guy
wires. All 20 masts collapsed into a
shambiles of broken timber and tangled
wire. Just a month later a second
storm destroyed the antenna system
at South Wellfleet.

The directors of the Marconi Com-
pany were appalled. Over a quarter

million dollars had been spent with
nothing to show for it but chaos.
Marconi would not give up; he cleared
away the wreckage, erected a tempo-
rary antenna (fig. 2) and had the
station back on the air in 11 days.
Because of the diminished capacity
of the makeshift station, Marconi
decided to abandon the Wellfleet site
and set up temporary receiving equip-

ment in Newfoundland, the point of
landfall nearest to Wales. In great
secrecy he set sail for St. John, with
a small stock of kites and balloons to
keep a single wire aloft in the stormy
weather.

A site was chosen on Signal Hilf,
and on December 9 the apparatus was
assembled in an abandoned military
hospital. The balloon was prepared for
inflation and ground plates were
buried. A cable was sent to Poldhu
requesting that the Morse letter S’
be transmitted continuously from 3 to
7 PM. Marconi chose his message
wisely. He knew the fragile state of his
equipment, and that the transmission
of dashes, rather than dots, would
have imposed too great a strain on the
keyer and the transformers.

On December 10th the weather was
fair. A balloon-supported kite antenna
was sent aloft. The transmissions
started at a power level of about 10
kilowatts and on a wavelength of
about 366 meters (820 kHz). Since
there was no means of measuring
frequency, the actual wavelength
remained a matter of speculation.

As the wind picked up, the balloon
bobbed and weaved about in the sky
above Signal Hill. Marconi adjusted his
new ‘‘syntonic receiver’” — a glass
tube within which a globule of mercury
was held between two iron or carbon
rods, forming a crude semiconductor.
Nothing which could be identified as
the letter “S’’ could be heard amid the
static. The wind picked up and the
antenna crashed to earth as the
balloon was swept away.

December 12, 1901

On the 12th the wind increased in
intensity. A kite was launched bearing
a 510-foot wire. The wind carried it
away. A second kite was launched
with a 500-foot wire attached. Because
he had observed that the buffeting of
the antenna by the wind made it
impossible to keep the newer receiver
in tune, Marconi sat listening intently
at an older, untuned receiver (fig. 3).
Time slipped by. Suddenly, at 12:30
PM, Newfoundland time, he handed
the earphone to George Kemp, his
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fig. 3. Marconi’s untuned receiver.
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assistant, and quietly asked, ‘‘Can you
hear anything, Mr. Kemp?”’

George Kemp took the headphone.
Through the static crashes he could
hear, faintly, the unmistakable rhythm
of three clicks, followed by a pause,
then three more and a pause, and so
on, until — all too soon — the signals
were lost once more in static. Marconi,
a cool-headed man if there ever was
ane, wrote in his laboratory notebook:
Sigs at 12.20, 1.10 and 2.20.

Marconi a fraud?

Marconi was in a quandry. What
conclusive proof did he have? He and
Kemp were not exactly unbiased.
Should he make a public statement?

Finally on December 14th Marconi
cabled his company the news. It was
made public on December 16th, 1901.

The first reaction came from the
lawyers of the Anglo-American
Telegraph Company, whose cable line
had carried the message to England
two days previously. It was sharp and
to the point. Marconi was told that the
company had a monopoly on commu-
nication in Newfoundland and it for-
bade any future infringement of their
rights under pain of legal action.

The public interest, however, was
aroused and both the Canadian and
American governments expressed
interest in the experiment. The tech-
nical journals treated the incident with
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a combination of skepticism and indig-
nation. Marconi had no proof to sub-
stantiate his claim, which challenged
the fundamental laws of physics and
the proven knowledge of Newton,
Maxwell, Hertz, and others. It was not
until later, when the reception of
signals across the Atlantic was demon-
strated beyond any shadow of doubt,
that Marconi's achievement was
recognized.

Even today, it is difficult to believe
that the 366-meter signals could actu-
ally have been heard. The receiving
equipment after all, consisted of an
inefficient antenna coupled to an
untuned receiver which had no means
of amplification whatsoever and was
even less sensitive than crystal detec-
tors, which evolved a few years later.
If, in fact, the wavelength was 366
meters, the tests took place at the
worst possible time of day because the
entire path would have been in day-
light. Today we know that radio
signals can travel across the Atlantic
and far beyond. But in 1901, anyone
who believed that they could, and did,
believed so as an act of faith based
upon the integrity of one man —
Marconi.

Marconi at the World’s Fair

It was 1932. Marconi, an interna-
tionally acclaimed scientist, inventor,
and businessman was in the United

States. He was scheduled to make an
official visit to the Chicago World's
Fair, a breathtaking exhibition of the
modern world of technology. Fair offi-
cials were in a dither as Marconi
arrived in the company of other impor-
tant dignitaries. The Great Man toured
the Fair, expressing great interest in
the scientific exhibits. News photog-
raphers crowded around Marconi and
he was followed by a large gathering,
all craning their necks to see the Father
of radio communication.

As he was about to leave, Marconi
expressed a wish to visit the Amateur
Radio station at the Fair. So,
Marconi's big, black limousine, with
colorful American and Italian flags fly-
ing from the fenders, drew up in front
of a building on the edge of the fair-
ground, followed by a horde of offi-
cials and newsmen. Marconi was
escorted up the stairs to the World's
Fair Amateur station, WOUSA.

The young operators of WOUSA ap-
peared thunderstruck as the famous
visitor strode into the station, intro-
duced himself, and studied the home-
made kilowatt trasmitter and the
superheterodyne receiver. He exam-
ined the station log book. The Fair
officials were mystified by the incom-
prehensible collection of equipment
that seemed to fascinate Marconi.

One of the operators apologized to
Marconi, saying that the equipment
had been built by mere Radio Ama-
teurs. Marconi nodded and smiled,
shaking the hand of the operator
warmly. “Yes, ves,” he said. “|
understand — after all, | am a Radio
Amateur myself."”

radio silence

Marconi died in July, 1937. On the
evening of the following day, at the
state funeral in ltaly, the ltalian Radio
Service observed an official period of
radio silence. In England, and through-
out the world, thousands of radio sta-
tions — broadcast, commercial, and
Amateur — fell silent. The radio
silence which Marconi had broken
when he switched on his first transmit-
ter came down in sorrow at his
passing.



Shortly before he died, Marconi, in
an address at St. Andrews University
in Edinburgh, Scotland, stressed his
original intention to make the high seas
safe by giving ships a means of com-
munication. Then, perhaps talking
more to himself than to his audience,
he added, '"Have | done the world
good — or have | added a menace?”’

in retrospect

Much speculation has taken place
during the decades following Mar-
coni's famous transatlantic experi-
ment. lonospheric studies and a review
of the sunspot cycle suggest that
propagation across the Atiantic at that
time of day, in that month and year,
was highly unlikely on 820 kHz.

What, then, might Marconi and his
assistant have heard? A few clues
exist. Marconi's spark transmitter
emitted a rough wave, high in har-
monic content. He used a broadband
(untuned) receiver. Perhaps Marconi
was not hearing the fundamental
transmitter signal, but instead a har-
monic of the signal, in particular the
fourth harmonic on about 3280 kHz. If
that is so, then a few hundred watts
of harmonic power would have easily
made the transatlantic journey.

Of course, with a broadband
receiver, Marconi could have heard
many harmonics at the same time! So
we shall never really be sure what
transpired on that stormy day in
Newfoundland. It is interesting,
however, to think that if Marconi had
elected to listen to his tuned receiver,
used in the previous day’s unsuccess-
ful tests, he might have heard nothing
at all!
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London, 1970. (Distributed by the Marconi Co., Ltd.)
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Look to Cayson Electronics for durable and accurate satellite
antennas, We are pioneers in the business and still growing.
Here are two 10" antennas that you can be sure are winners.

The four-piece fiberglass features a highly reflective aluminum
foil material for superior reception. The heavy duty polar mount
utilizes a 32 OD ground pole. This antenna has been around
since 1979.

The 10’ aluminum mesh antenna
is becoming more popular
for those who value attrac-
tive satellite equipment.
The two-tone reflector
features black mesh and
aluminum ribs. The mount
has declination adjustment
and also uses a3z OD

ground pole.
10 FT. MESH DATA
TYPE - EXPANDED MESH
WEIGHT ~ 135LBS. UPS
DIAMETER 127" 10 FT. FIBERGLASS DATA
FOCAL DISTANCE ' 43%" TYPE 4-PIECE FIBERGLASS
fiD 35 WEIGHT (APPROX.) 200 LBS. SHIPPED
CAYSON ELECTRONICS SR 12
Rt. 3 Box 160 * Fulton, MS 38843 OO DI TANGE A
2235 W. Mound * Decatur, IL 62526 o 35

Nation Wide 1-800-892-4916

1-800-382-1811

In MS 1-601-862-2132 ~ 215
InlL 1-217-877-7954




a sloping terminated vee beam

Low SWR
across ham
and SWL bands

This is the antenna that every ham has probably
dreamed about: a beam antenna that works on every
Amateur band and on all the spaces in between . . .
an antenna that’s cheap and requires just a single tree
or pole for support . . . an antenna that doesn’t
require precision measurements, special tuning instru-
ments, or almost anything else out of the ordinary.
Everything needed can be purchased inexpensively or
built at home, and the hardest part will be building a
toroid transformer with about 25 turns of wire.

This is the same antenna used as a back-up by the
Voice of America, so you know it works.

According to transmission line theory, a single con-
ductor placed a few feet above and parallel to the
ground can be used as an antenna. If the wire is raised
more than a few feet above ground, the impedance
approaches a value of 400 ohms according to the
following formula:

ZO = 83.7 lOg]O (4H/(l') (1)
where Z, = impedance of single wire above
ground
H = height of the wire above ground in
any units
d = diameter of the wire in the same
units

The nonresonant ‘‘vee’’ antenna and a large family of

similar antennas such as rhombics are based on trans-
mission line theory. When used as an antenna, how-
ever, the transmission line has spacing which is large
compared with normal lines. As a result it is leaky and
can be used as an antenna. The radiation field from
a single wire transmission line may be calculated' and
the two maximum gain lobes discovered by the
equation:

60 sin a  sin [’;TL, (I-cos a)]

Efa) = I — cosa &
where Efa) = normalized field strength at angle a

a = the angle from the axis of the wire

T = 3.1416

L = length of the wire in any units

W = one full wavelength in the same

units

If two terminated transmission lines are aligned so that
the major lobes of each wire are additive, the lines then
become a ‘‘vee” antenna. (Two vees placed end-to-
end form a rhombic.) Because the line is terminated
in a matching impedance, the wires are nonresonant
— just like any correctly matched, well-behaved trans-
mission line — and the antenna will accept power at
any frequency.

Several good things happen with terminated trans-
mission line antennas. One desirable result is broad-
banding operation; another is that the reverse lobes
(toward the pointed side of the vee) are cancelled or
greatly reduced. The resulting antenna can be used
to both transmit and receive at every frequency within
its range, much like a log periodic antenna. But, it will

By Robert Ross, 17904 Muncaster Road,
Derwood, Maryland 20855
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fig. 1. A maximum lobe gain of 5.1 dBi is achieved with
a 1-wavelength leg length 68-degree apex angle, non-
resonant vee beam.

bt

fig. 2. A maximum lobe gain of 5.7 dBi is achieved with
a 1.5-wavelength leg length 56-degree apex angle, non-
resonant vee beam.

table 1. Relationship between vee beam leg lengths,
apex angles, and gains.

vee leg length apex angle gain
in half waves in degrees in dBi

2 68 5.1

3 56 5.7

4 48 6.1

5 44 6.4

10 32 7.4

20 2 8.4

produce its best gain only over a relatively narrow fre-
quency range where the major lobes align for best
gain. This frequency range depends on the angle of
the apex of the vee and the length of the legs. For
many purposes, + 100 percent to —50 percent fre-
quency excursion is reasonable, (see table 1}. The
waorst thing that happens is that the beam splits and
you find a null in the center with the gain lobes on
either side.

In this case the vee has been optimized for the 14
to 15 MHz band — but it also works reasonably well
from 40 to 10 and even radiates modestly on 160 and
80 meters. Optimization can be done for any band by
calculating the major lobes and adjusting the apex
angle for that band. Ordinarily, however, not much
is gained by changing the apex angle of such a short
vee. Figures 1 through 6 illustrate the azimuthal pat-
tern of vee beams with leg lengths from 1 to 10
wavelengths.
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fig. 3. A maximum lobe gain of 6.1 dBi is achieved with
a 2-wavelength leg length 48-degree apex angle, non-
resonant vee beam.

construction is easy

The vee is probably the simplest of all wide band
beam antennas to build. A single support roughly 65
feet (20 meters) tall is required for the high end and
two supports about 3 feet {1 meter) tall for the low
ends. The only critical item is the pointing of the
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fig. 4. A maximum lobe gain of 6.4 dBi is achieved with
a 2.5-wavelength leg length, 44-degree apex angle, non-
resonant vee beam.

antenna. The position of the two low point anchor
poles must be selected to direct the antenna at your
target by using a compass bearing corrected for local
magnetic variations. In Washington, D.C., the varia-
tion is 8 degrees west; thus 8 degrees must be added
to the compass reading to get a true bearing. The legs
must be located so that they are 22 degrees on either
side of the great circle line of bearing to your target
and to make the open end of the vee point toward the
target. For example, on my globe London and Europe
are 48 true (not magnetic} degrees from Washington,
D.C.

materials are inexpensive

The wire and insulators can be of aimost any kind.
However, | prefer No. 14 AWG copperweld wire and
No. 500 strain insulators (also known as guy wire insu-
lators). Strain insulators are particularly good if you
use a tree for your antenna pole because they won't
break when the tree sways in the wind. | also advise
soldering all antenna connections to avoid long-term
problems from corrosion and the resulting bad
connections.

The transformer can be purchased from at least one
company for about $150,2 but building your own trans-
former is not difficult. Only a few turns of wire on a
2-inch diameter RF toroid core will do the job.? Gener-
ally the largest RF toroid core which the manufacturer
says will cover the desired frequency range will work
reasonably well. On my transformer | used 20 turns
of soft No. 12 AWG enameled copper wire for the sec-
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fig. 5. A maximum lobe gain of 7.4 dBi is achieved with
a 5-wavelength leg length 32-degree apex angle, non-
resonant vee beam.
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fig. 6. A maximum lobe gain of 8.4 dBi is achieved with
a 10-wavelength leg length, 22-degree apex angle, non-
resonant vee beam.

ondary, spacing it evenly around the core and making
sure that there were at least a few millimeters between
the two wire ends to prevent RF voltage flash-over.
If you leave the ends of the secondary about two feet
long you can also use them for antenna connections
later. Anchoring the wire in place with silicone rubber
is a messy but a very effective measure. Then slip
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POCKET SIZE FAST CHARGER

Fast charge your hand held radio battery
packs to full capacity in as little as 45
minutes. Example: Fully charge I-COM

BP-3 in 30 to 45 minutes.

VERSATILE - Works on 115V. A.C. or 12V. to 24V,
D.C.andturns itself off automatically when battery
reaches full capacity. Use at home or in auto,
airplane, boat, R.V. or anywhere there is house
current or 12V.to 24V. D.C. available.

FEATURES -

1. New Hybrid thick film integrated circuit developed for this
charger contains all measuring and control circuitryin a single
chip. Laser trimmed precision resistors.

2. Small size - can be carried in your pocket.

3. High impact molded plastic case.

4. Reverse polarity protection builtin.

5. Internally fused.

6. Full 1 year warranty.

7. Completely solid state circuit measures charge constantly
and turns off automatically when cells reach full capacity.

8. Charges atoptimum rate without any perceptible heating of
cells.

—TR\D isrni— o ’ri $ 6 5
\VJ Price *

Dealer inguires invited

Mail orders to:
P.O. Box 2679
Corona, Calif. 91718

19780 Temescal Canyon
Corona, Calif. 91719
(714) 734-6179
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ORR BOOKS

BEAM ANTENNA HANDBOOK
by Bill Orr, W6SAI

Recommended reading. Commonly asked questions fike: What is the best
element spacing? Can different yagi antennas be stacked without losing per-
formance? Do monoband beams outperform tribanders? These guestions
and more are fully answered. Lots of construction projects, diagrams, and
photos. 198 pages. ©1983. 5th edition.

(JRP-BA Softbound $7.95

SIMPLE LOW-COST WIRE ANTENNAS

by Bill Orr, WGSA)
Learn how to build simple, economical wire antennas. Apartment dwellers
take note! Fool your landiord and your neighbors with some of the ‘‘invis-
ible’” antennas found here. Well diagrammed. 192 pages. ©1972. 2nd

edition.
JRP-WA Softbound $7.95

THE RADIO AMATEUR ANTENNA HANDBOOK
by William 1. Orr, W6SAI and Stuart Cowan, W2LX

Contains lots of well iilustrated construction projects for vertical, long wire,
and HF/VHF beam antennas. 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 new information on the popular Sloper and Delta Loop
antennas. The text is based on proven data plus practical, on-the-air experi-
ence. 190 pages. ©1978. 1st edition.

Softhound $7.95

(JRP-AH

ALL ABOUT CUBICAL QUAD ANTENNAS
by Bill Orr, W6SAl — New 3rd Edition
Includes NEW data for WARC bands

The cubical quad antenna is considered by many to be the best DX antenna
because of its simple, lightweight design and high performance. You'll find
quad designs for everything from the single element to the multi-element
monster quad. There's a wealth of data on construction, feeding, tuning,
and mounting quad antennas. 112 pages. ©1982. 3rd edition.

aORP-CQ Softbound $6.95

Please add $1.50 for one book, $2.50 for two or more books
to cover shipping and handling.

Ham Radio’s Bookstore
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Greenville, NH 03048

some tube insulation over a second piece of the No.
12 AWG enameled wire and wrap five primary turns
evenly over the outside of the first twenty turns. Get-
ting even a semblance of a smooth wrap will be the
hardest thing you’ll have to do for this antenna. Again,
use some silicone rubber to tack down the primary and
give it at least twenty-four hours to harqen. After strip-
ping the enamel from the ends of toroid primary wire,
solder on the coax connector of your choice. Resist
the urge to use the hole through the middle of the
toroid to hold up the high end of the antenna or attach
the coax — powdered iron cores are brittle and are
subject to breaking at the most inconvenient times.

The 390-ohm termination resistors, are noninduc-
tive resistors made specially for terminating antennas,
and are available from electronic wholesalers,* at ham
fests {your best chance) or at surplus houses. On the
other hand, you can also make a 200-watt terminating
resistor out of one-hundred, 2-watt, 39 kilohm, car-
bon composition resistors. A simple way to do this is
to lay out two tinned No. 12 AWG wires spaced the
width of the resistor body and solder the 100 resistors
to them.

Operating this antenna is pure joy. It loads my
transmitter well from one end of the short wave bands
to the other. My antenna also shows a maximum of
about 1.5:1 SWR on 15 meters and about 1.2:1 max-
imum on all other bands. Adding or subtracting a turn
or two on the transformer optimizes the SWR for any
desired frequency.

At last | have an antenna that works smoothly from
160 to 10 meters and even works as an effective all-
band antenna for my general coverage short-wave
receiver. For cost and coverage, it's hard to beat this
nearly foolproof sloping vee beam.

references

1. Landee, Davis & Albrecht, Electronic Designers Handbook, McGraw-Hill,
New York, 1957, (see section 21).

2. The vee antenna feeding transformer, 1.8 to 30 MHz, is available from
Apcom Inc., 625 Loffstrand Lane, Rockville, Maryland 20850, (301-294-9060).
Note: this company and others will supply the complete antenna, mast,
ground rods, earth anchors and everything else, optimized for your frequency
and adjusted to fit various larger pieces of land. This is a good deal for com-
mercial stations, but the cost is very high by ham standards.

3. Type F240-Q1 toroid core to cover 1.8 to 30 MHz is available from Amidon
Associates, 12033 Otsego Street, North Hollywood, California 81607, or
Palomar Engineers 1924-F W. Mission Road, Escondido, California 92025.

4. Carborundum Co., Graphite Products Division, Box 339, Niagara Falls,
New York 14302. Please note that this is a manufacturer, not a retail outlet.
If you can put together a large order, then request noninductive resistor type
888SP, 390 ohms (2 for each antenna). If more power is required, arder type
891SP, 450 ohms (2 for each antenna).
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Suggested Retail $389.95

Kantronics Packet Communicator™

Kantronics wants you to join one of the fastest growing segments of
Amateur Radio today . . . Packet Radio. With the Kantronics Packet Communicator
we've made getting on Packet as easy as getting on RTTY.

The Kantronics Packet Communicator is a
fully assembled and programmed ter-
minalnode controller ready for operation.

Simply connect the Packet Communicator to the

' Serial TTL or RS232 port of your computer, and the

microphone and external speaker jacks of your
transceiver, The power supply, cables, and most

3_; connectors are included.

The Kantronics Packet Com-

Because the Kantronics Packet Communi-

cator uses internal microprocessors for

protocol and signal processing, the
operator simply follows procedures and commands
outlined in the operators manual.

Any communications or terminal program, like
those used with telephone modems, can be used to
set up the computer to communicate with the Packet
Communicator. Special Packet Terminal (Pac-
Term™) programs for many popular personal
computers will be available soon from

municator has both the AX.25 and Kantronics.
Vancouver protocols, making it

compatible with most existing Packet terminal node con-
trollers. Added features include both Bell 103 and 202
tones, and the ability to use the unit as a 1200 baud radio

modem without special protocols.

Error free data communication via computer makes Packet Radio techm;lcoﬁgy exciting,
and the Kantronics Packet Communicator lets you get in on the action.

For more information contact your local Kantronics dealer,
or write Kantronics.
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@ KDK

Well ... they might not last forever. However, there are certainly many old-
er model KDKs out there in ‘Ham Radio-land' just chuggin away. Every
day calls come from all over asking for information and advice on care
and feeding of an FM-144sx or a '2015 and there are even a few older than
that but some of them seem to be In disguise. That's a tribute to the folks
who design and make the KDK. They care about bullding a radio to last
longer because their name and their pride are on the front of each one.
BUT . .. What we are really getting to s we would really like for all you
folks who have known and loved your KDK's all these years to go and up-
daté yourselves by purchasing a newer KDK, one like, say, the FM-2033 or
maybe an FM-7033 UHF. That way you can start your own collection of
heirloom KDK radios. Right there In your own hometown. Take a look at
the chart of available models and visit your nearest KDK dealer and check
them out. We think you will drive home with one.

MAXPAC STACK

440 MHz

220 MHz

SPECIFICATION FM-2033 144 MHZ [ FM-4033 220 MHZ I

FM-T7033 440 MHZ [ FM-6033 50 MHZ

NUMBER OF MEMORIES
MEMORY SCANNING
BAND SCANNING

10 Memories + CALL CHANNEL organized as two banks of 5 channels sach. (CH 1-5, CH 6-10, CALL.)
Memories may be scanned A(1-5), B(6-10), A+ B(1-10) or AxB(1-5)
Programmable band scan between values loaded into memories 5 and 10, step size set in INIT module

FREQUENCY RANGE
OUTPUT POWER HI/LD
REPEATER OFFSET
SUB AUDIBLE TONE

142.000-149.995 MHZ
25/2.5 Watts

600 kHZ UP or Down
103.5 @ 500 Hz Dev

220-224.995 MHZ
25/2.5 Watts

1.6 MHZ UP or Down
103.5 @ 500 Hz Dev

440-449.975 MHZ
10/2 Watts

5 MHZ UP or Down
Dipswitch Select

0.4 dB @ 12 dB SINAD
+5 kHZ @ -6 dB

50.00-53.995 MHZ
10/2 Watts

600 kHZ UP or Down
103.5 @ 500 Hz

0.2 uV @ 12 dB SINAD

SENSITIVITY 0.2 uV @ 12dB SINAD 0.35 uV @ 12 dB SINAD
BANDWIDTH +5 kHZ @ -6 dB +5kHZ @ -6 dB
SELECTIVITY +12.5 kHZ @ -60 dB +12.5 kHZ @ 60 dB

+5 kHZ @ —6 dB

+12.5 kHZ @ - 60 dB +12.5 kHZ @ - 60 dB

& THL CORP.

AMPLIFIERS * PREAMPS * COUPLERS .

TEAM THL brings competition class performance to everyday operation.
Whether you're looking for a little more performance or a “‘super-charger”
boost, TEAM THL products can get you out of the pits and back in the
race better and faster almost every time. Three different power perfor-
mance classes in either VHF or UHF band capability give the TEAM THL a
broad spectrum of performance options. So remember the next time you
get beal in the race, soup-up youraelf with a product from TEAM THL.

HL-85V

T e et

1-“

Y PN

4 ‘|

HL-120U

Specifications HL-30V HL-35V HL-35VL HL-85V HL-110V | HL-160V HL-160V25 | HL-20U HL-30U HL-60U HL-120U
Pre-Amp Type N/A Gaas-FET | Gaas-FET | Gaas-FET | Gaas-FET | MOS-FET MOS-FET N/A Gaas-FET | Gaas-FET | Gaas-FET
Power Metering | N/A LED LED Mater Mater Mater Metar N/A LED Meter Mater
Input (Watts) .29-5 25-5 .25-5 10-14 3-14 3-14 20-30 1-4 1-4 B-14 B-14
Output (Watts) 2.5-30 2.5-30 2.5-30 70-90 90-110 140-160 140-160 18-22 25-30 45-60 90-110
$SB Mode NO NO YES YES YES YES YES YES NO YES YES
Sugg. Retail §69.95 §79.95 $89.95 $169.95 | $239.95 | $349.95 $299.95 $114.95 | $129.95 | $229.95 | $379.95

2000 Avenue G, Suite B0O, Plano, Texas 75074
Phone (214) 423-0024 TLX 79-4783 ENCOMM DAL



|I SANTEC

Priced at a level to make your budget smile, the ST-200ET and the ST-400ET are direct
hardware replacements for the famous ICOM* serles of thumbwheel switched hand held

Prasant accessories for the 2AT and the 4AT should work on the ST-200ET (VHF)
and ST-400ET (UHF) with no modifications.** Same slip off battery pack style and the
same mic and speaker jack arrangements provide as much compatibility as possible.

SANTEC and backed by the famous Encomm

Encomm service facilities located in Plano,
Texas. Priced al $199.95 for the ST-200ET (VHF) and $249.85 for the ST-400ET (UHF). No
it's not a misprint, Those are the Suggested retall prices. Now smile. Please see your

radios.

Mumummlnmwdw

TWO YEAR EXTEN

tavorite SANTEC dealer for his best price.

SPECIFICATION ST-200ET ST-400ET
GENERAL

Frequency Range 144-147 995 440-449.995
Battery Pack (V/mAHr) 8.4/250 8.4/250
Receive Squelched Norm 18 mA 22 mA

RX At Full Volume 130 mA 130 mA
Transmit (Low Power) 220 mA 300 mA
Transmit (High Power) 550 mA 700 mA
Dimensions mm 60 x 170 = 40 60 x 170 x 40
Woight (with Battery) 490 gms 490 gms
TRANSMITTER

Output Pwr. (HI, Lo) 1.5W, 0.15W 1.5W, 0.15W
Spurious Transmitied < —B0dBe < —Bb0dBe
Deviation Limit 5 kHz 5 kHz

Pickup Device

RECEIVER
Receiving System
I.F. Frequencies

Receive Sensitivity
I.F. Bandwidth
Operating Temp

Condenser Mic

Dbl. Superhet
10.695 1s1

455 kHz 2nd
<0.25uV @ 12d8
30 kHz @ - 6G0dB
-10-+60C

Condenser Mic

Dbl. Superhet
21.6 1st
455 kHz 2nd

0.35 uV @12 dB
30 kHz @ - 60 dB
-10-+60C

ACCESSORIES

SKT-BA Battery Case
SKT-PA DC/DC Conv
ST-MC Mobile Charger
SKT-LC Leatherette Case

HSA-1/HBM-1 Headsel/Mic

STK-BP Battery Pack
STK-BC Battery Charger

WELZ CORP.}

SUPERIOR ACCESSORIES

These new compact HF/VHFIUHF meters from WELZ provide multi-mode opera-
tion In auto or home station. Utilizing the WELZ toroidial core based wide-band
sensor technology, these VSWR/POWER meters are the next generation of accur-
acy and rellabllity. Pictured here is the model SP-420 covering the VHF/UHF band
from 140-525 MHz. In addition there Is the SP-220 covering 1.8 to 200 MHz and the
$P-122 covering 1.6-860 MHz with PEP peak hold mode. All three of these new mod-
els are ready for PEP output measurement with either the “PEP Monitor"” function
or the “Instantaneous PEP HOLD" function, back-lighted easy-to-read meters,
high sensitivity and very attractive styling. Check your favorite dealer and check
out the new WELZ COMPACT VSWR/POWER meters.

NOTICE: Thess spacifications are typical unless stated olherwise, They
may ba changed In Ihe future without natica or obligation. Conditions of
measurement may be oblained trom Encomm, Inc.

* ICOM is a registered trademark of ICOM, INC of JAPAN.
** ST-200ET/400ET Batterles are not fully compatible with
BC-30/35 drop In chargers.

$P-122 HF PEP HOLD

SP-220 HF PEP MONITOR
SP-420 VHF/UHF PEP MONITOR

MODEL SP-122 SP-220 SP-420 SP-230 SP-430
Freq. Range 1.6-60MHZ 1.8 ~200MHZ |140 - 525MHZ | 6-1400MHZ |1.8 ~150MHZ
Sensor Mnt. FIXED FIXED FIXED DETACHABLE | DETACHABLE
Pwr Ranges 20/200/2KW 2/20/200 2/20/200 15W/150W SW/60W
No. Meters 1 1 1 1 1
Peak Mode? YES + HOLD YES YES NO NO
Impedance 50 OHMS 50 OHMS 50 OHMS 50 OHMS 50 OHMS
Functions PWR/VSWR PWR/VSWR PWR/VSWA PWR/VSWR PWR/VSWR
PEP +HOLD PEP PEP CAR VOLTS CAR VOLTS
Accuracy 10% READING | 10% READING | 5% READING 5% F.5. 5% F.S5.

WELZ

144 410
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2000 Avenue G, Suite B0O, Plano, Texas 75074

Phone (214) 423.0024 TLX 79-4783 ENCOMM
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Doctor QSO™

Is The Code Buster

- -
DOCTOR Q50 ™ @ 1385 AEA

|REVE 13 wPr
Doctor QSO Relieves
All Symptoms Of

e
Morse Code Phobia!

Doctor QSO™ s a plug-in cartridge for the Commodore 64 computer that provides a very realistic
simulation of on-the-air two-way Morse Code ragchew contacts (QS0Os). AEA, the undisputed leader
in Morse training, has introduced Doctor QSO to amateur radio for the purpose of making Morse
skill upgrading FUN and EASY. With Doctor QSO you can look forward to practicing your Morse
Code skills in a non-confusing manner. Forget about all the drudgery you associated with Morse
Code in the past; Doctor QSO ushers in a totally new era in Morse Code learning.

Doctor QSO is based on the same technology that has made the Doctor DX™ contest trainer so fa-
mous. The Doctor QSO simulator is so realistic that most skilled operators find it every bit as re-
warding as the real thing. You can operate anytime you want; the only extra equipment youneed is a
Commodore 64 and a TV set.

Doctor QSO also removes the mystery of the CODE BEHIND THE CODE. Many people go so faras
to learn the Morse Code characters, only to be frightened of getting on the air the first time because
the QSO format is so confusing. With Doctor QSO, you will be a pro before you turn on your first
transmitter. The Doctor QSO trainer/simulator is ideal for the aspiring Amateur Radio operator with
little or no contact with helpful hams.

With Doctor QSO you will become familiar with all the U.S. call areas and associated call letter
prefixes. The standard international QSO format is observed along with all the common amateur ra-
dio abbreviations which are explained thoroughly in the operator's manual. All Morse skill levels are
addressed by Doctor QSO, from the person who has not yet learned the Code, to the person comfort-
able with sending and receiving at 40 + WPM.

Who says Morse Code can't be fun? You can even have fun with Doctor QSO before you have
learned the Code. To begin with, the operator can view the messages being sent by the computer
generated stations in real-time. The operator can also send Morse with the keyboard. In addition, the
operator can select simulation of static interference (QRN) and adjacent CW interference (QRM).
Normally, the beginner would operate in the novice band where stations will be sending as slow as 3
WPM. Later as the user becomes more skilled, he can move down the band to faster speeds, and he
has the choice of using a key or keyer for sending.

If you have tried every other method known to learn the Morse Code and failed, then Doctor QSO
has just the prescription for you. Now you can upgrade your Amateur Radio license in record time.
Doctor QSO is more than the written word can describe. To fully appreciate all the merits of this
trainer, see your dealer for a demonstration or contact AEA for more information.

Prices and specifications subject to change
without notice or obligation.

Brings you the
Breakthrough!
Advanced Electronic Applications, Inc.

P.O. BOX C-2160 * LYNNWOOD, WA 98036
(206) 775-7373 « TELEX: 152571 AEA INTL
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what'’s this Sporadic E?

In these minimum years of the
10.7-year sunspot cycle when the
10-meter band is at best open only a
few hours per day and only to the
southern directions for long skip, it's
still possible for propagation modes to
exist on 6 meters and occasionally
even the 2-meter band for short-skip
openings. Signals appear suddenly,
out of nowhere, and frequently rise to
amagzing strength. They may stay in for
just a few minutes at a time — or the
band may remain open for hours.
Occasionally in June or July DX
signals might be heard around the
clock. Signals can be received from
distances of 500 to 1200 miles and
occasionally, due to multiple reflec-
tions, from distances as far away as
2500 miles.

How do you recognize such Eg
openings? Say you're monitoring a
beacon. The band is quiet. Suddenly
you hear a buildup of ““antenna noise."”
Almost instantly there are DX stations
all over the band. Signal levels fluc-
tuate rapidly as the session opens and
as it declines. When the signal is there
it usually pegs your S-meter, but it is
also subject to rapid fades on the order
of 60 dB or more that chop it into a
garbled mess.

One way to recognize the probable

“opening of E; on 6 meters was
reported by George Jacobs, W3ASK,
in the June, 1962, issue of CQ. Work-
ing a lower frequency band, say 15 or
10 meters, listen to the stations being
worked. If the minimum skip distance
is decreasing, the skywave geometry
is such that the maximum usable fre-
quency will be increasing by reflection
from an Eg (more dense than F2 and
lower height) cloud. W3ASK's rule of
thumb states that when stations are
heard less than 500 miles away on 10
meters, or less than 350 miles on 15
meters, the chances are good that 6

DX FORECASTER

Garth Stonehocker, KORYW

meters will open in that seme direc-
tion. It's worth a try! (More on Eg
DXing next month.)

last-minute forecast

DX conditions on the higher HF
bands, 10 through 30 meters, are ex-
pected to be very good the first two
weeks of the month and also again
during the last week of this five-week
month. The propagation at these times
can be via long-skip if the radio flux is
very high — above about 85 units.
Sporadic E (E) short-skip is expected
to occur occasionally, with the proba-
bility of occurrence increasing as the
month goes by. The middle two weeks
of the month will offer the best
nightime DXing. Geomagnetic distur-
bances are expected to occur around
the 4th through the 8th and again on
or about the 15th. Concurrently, the
thunderstorm noise background level
will also be higher on the lower bands.

Moonbounce DXers can take ad-
vantage of the lunar perigee (and full
moon) that will occur on the 3rd and
4th of this month. An Aquarid meteor
shower of interest to meteor-scatter
and meteor-burst DXers peaks be-
tween May 4th and 6th with rates of
10 and 25 per hour for the Northern
and Southern Hemisphere, respec-
tively.

Two eclipse events are calculated to
occur in May. The first is a total eclipse
of the moon on May 4 from 1817 to
2135 UTC. The path of its shadow
starts near New Zealand and travels
west through Australia, Asia, Africa
into the Atlantic Ocean. The width ex-
tends from the Antarctic to Europe.
The second event, partial eclipse of the
sun, {with 84 percent coverage) will
occur on May 19 from 1925 to 2342
UTC. Its path begins at Greenland,
travels across Canada and then moves
on to Alaska and Japan. The second
eclipse provides an opportunity to

evaluate propagation effects on the
path between the United States and
Europe. Schedule contacts for the day
before the day of the eclipse and the
day after. Compare signal strengths
and quality on each band used (sug-
gestion: try 40, 30, 20 and 15 meters).
A club-coordinated effort is a good
way to cover the bands needed.

band-by-band summary

Six meters may provide an occasional
opening to South Africa and South
America by short-skip Es. These will
occur around local noontime, toward
the end of the month.

Ten and fifteen meters will provide a
few short skip Eg openings and many
long-skip openings, especially during
high solar flux conditions, to most
areas of the world during daylight.
Some transequatorial (TE) openings,
associated with a mildly disturbed
geomagnetic field may occur in the
evening hours. This is about the last
month that affords many good TE
openings until next fall.

Twenty, thirty, and forty meters will
support DX propagation from most
areas of the world during the daytime
and into the evening hours almost
every day. Forty meters has joined this
daytime DX group because of lower
signal absorption, lower LUF (lowest
usable frequency) during these sun-
spot minimum years. During unusually
high 27-day solar flux days 40 meters
may not be usable and both 30 and 40
meters may not be usable in the pre-
dawn hours after a high flux day. The
DX on these bands may be either long-
skip to 2500 miles (4000 km) or short-
skip Eg to 1250 miles (2000 km) per
hop. The iength of daylight is ap-
proaching maximum, providing many
hours of good DXing.

Thirty, forty, eighty, and one-sixty are
all good for nighttime DX. Although
the background thunderstorm noise is
beginning to be noticeable these bands
are still quiet enough to provide good
DX working conditions. Sproadic-E
propagation may be a contributing fac-
tor toward enhanced conditions at
local sunset and will occur more often
during the next three months.
YU
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New From HAZER YOUR ROHN 25 G Tower
e Antenpa and rotator mount on HAZER,
complete system trams tower in verticle

® upright position.
u ernu » Safety lock system on HAZER operates
while raising-lowering & normal position.

Never can fall.

* Weight transferred directly to tower. Winch

. cable used only for raising & lowering. Easy
to install and use.
* Will support most antenna arrays.
e High quality materiais & work-

manship.

e Safety - speed - convenience -
e smooth travel.
e Complete kit for 50° or less tower

includes winch, cable, hardware and

instructions. ]
eter an s Hazer2-Heavy duty alum., 125q.{t load $287.00 pp.  [¢=
Hazer 3-Standard alum.. 8 sq.ft. load 213.00 ppd. ~
Hazer 4-Heavy galv. steel, 16 sq.ft. load 278.00 ppd. 2<
Ball thrust bearing TB-25 for any of above 42.50 ppd. ? !
The HF2V is the perfect complement ot gl ?ﬂ
for the Ham who already has a beam neered specifically for the HAZER —3
antenna for 10-15-20 meters. Add 80 system. a
and 40 meters (160 meters with an op- GLEN MARTIN ENGINEERING INC. @
tional resonator kit) with a trim-looking PO-BoxHZSS sz O 5252
vertical that can be mounted almost el
anywhere.
With the decline in sunspot activity, HANDI-HAM
1 the HF2V’s low angle of radiation will
P get you DX on the low bands - - even SYS(;I;EM RMﬁueSER
l—‘ when 10'1.5'20 meters are dead. Courage Center, an internationally recog-
8 \ Automatic bandsw[tchmg. No lossy nized leader in providing innovative services to
;QE: N traps. Double wall tubing on the bottom physically handicapped children and adults for
s ;«\& section. Stainless steel hardware. Full Imorle than 50 yfarzt i feterx‘rchmg f(:_ra mf'dtdr:e
- - 3 evel manager to direct the operation of the
- =\ '_/14 }N?\t{egeznfgth OSn I‘fm meter§. Courage HANDI-HAM System. This unique pro-
E'-—- 3 eight: 32 ft. --Self supporting gram, providing training, education and radio
= =\ Power rating: legal limit equipment, is made available to disabled amateur
3 \ VSWR: 2:1 or less radio operators worldwide who join a total net-
RSN 40 Meters: Full CW & Phone work membership exceeding 5,000. Position
oo band qualifications include a bachelor's degree, 2 +
. an years administrative experience, strong verbal
80 Meters: 90 kHz and written communication skills, and a general
Add-on resonator kits available for or higher level amateur radio operator license.
160-30-20 meters Rgsumes received in canﬂde_nce. Appointment
) will be made as soon as possible after June 1st,
. 1985. For more information contact Todd
Write for our FREE CATALOG. Johnson, Director of Human Resources.

COURAGE CENTER

ﬂ' BUTTERNUT 55T ot toldan valoy R
Golden Valley, v}
E L ECT RO N I Cs Equal Oc:;ponuhify 24::55 =

405 East Market Street
“ Lockhart, Texas 78644
(512) 398-9019

> CADDELL «W» mcnowfvas%'gmmsm
- CO P - 4 11 ’
COIL COR L STATION MANAGER'

sisitor typical NF-2.6 Db

35 Main Street RMLA-l $36.00  Feaures +12VDC 357 ADVANCED

2''x1,25", without enclosure.

Omega Concepts, Inc.

Presents

P() u l t “ey ’ VT O 5 7 64 2.3 GH2 double balanced Pro'essional soﬂware
802_287_4055 mixer, 50 ohm (BNC). 2.5"'x !
: _ 2.57x1", without enclosure. For The Radio Amateur
BALUNS 2.3-2.45 GHz voltage
Get POWER to your antenna! Qur Baluns are RMMX-I $20.00 controlled oscillator, 10 MW Terence LAd?r?:rs (KBBOA)
already wound and ready for installation in your P ~ output, Requires + 12 VDC
transmatch or you may enclose them in a b-_as and —_‘1 to 7.12"VDC tun-
weatherproof box and connect them directly at i ing, 2.25"'x1.25"x1", may be Stop At Our Booth At The
the antenna. They are designed for 3-30 MHz op- $35.00 FM modulated with 8 ohm Hamvention, Dayton, Ohio, April 26
eration. (See ARRL Handbook pages 19-9 or : speaker as microphone
6-20 for construction details.) Also Antennas, Mast Mountable
VCO/antennas, Detectors, Signal
100 Watt(4:1,8:1,9:1, or 1:1 impedance - selectone) $ ;553 Generators Attenuators and Line 2
Uni IT h 1 KW (4:1imp 12. ' '
Universal Tran 2KW (4:1 impadance) 15.00 Stretchers.
Universal Transmatch 1 KW (6:1,9:1 or 1:1-selectone) 14.00 ROENSCH M'CROWAVE Omega Concepts, I ncC.
Universal Transmatch 2 KW (8:1,9:1 or 1:1-selectone) 18.50 R.A. 1. Box 1568 P. O. Box 615 TI'OY, OH 45373
BROOKFIELD, MISSOURI 64628 +~ 146 149

Please send all reader inquiries directly.



WESTERN USA MID USA EASTERN USA
] i EPESNSIVPAN] ol EI SN 24N | b [ SR 2
0000 20| 20115 )15(20| 10 {15*|20 el 20120115 115]120 | 10]10 |20 || 700} [ a0}l 20 (20 [ 15115120 [ 10|15 [ 20
0100 201 20|20 10{20| 10}10 |20 roofl 201 20|20 [ 20]20 | 10110 (20 || eoo eo|l 20120) 202012010410 |20
0200 201 201201101]20} 10|10 {20 800l 20 | 20 {20 {20120 { 10 {10 |20 {| s0o| 10|l 20|20| 20|20 {20 | 10 |10 | 20
0300 2012012011020 10|10 {20 90011201 20]20 20120 | 10|10 |20 {jroccf Booo}l 20 {20} 20/20}20)10]10 |20
0400 201 20120 110120 1510 }20 1000 () 20 1 20 |20 [ 2030 | 15110 120 |f 0| Jr200fl 2020 2020 {30 | 15/10 | 20
0500 201 20120 | 10{20| 15|15 |20 1ol 20 1 20120 [ 20|30 | 1515 |20 ||120 t00|| 20120 | 20720130 (15|15 120
0800 20| 20120 | 15 ,wo 15115 |20 1zo0l| 20 | 20120 | 20|30 | 15{15 |20 || 0 2001l 20{30] 20|20 {30 {1515 |20
0700 201 30§20 | 1530 | 20|15 |20 ro0 (20 1 20120 |20 (30 { 20|15 |20 || 2> s00({ 20{30( 20(20{30(20{15 20
0800 201 30120 |15 (30| 2020 {20 20041 20 | 30 120 | 20 |30 | 20|20 |20 || 3% “00ll 201301 20(20|30]|20]20 |20
0900 201 30120 120301 20}20 |20 30 1120 30[20 | 20130 | 2020120 || **® swll 20130] 202030 ] 20(20 {20
1000 20130120 2013042020 {20 01120130120 {2030 | 20{20 |20 }| 5% S®fl 201 30| 20] 20|30 ] 2020 | 20
1100 200 30|20 | 2030} 2020 |30 500 (1 201 30 {15 (15130 [ 20 |20 |20 || &% rooft 201301 15115(30 {20120 | 20
1200 201 20{15 120|301 2020 |30 &0 N20|20({15 {1530 | 2020 |20 || 7 80011 20120 15|15 (30| 20|20 | 20
1300 20| 20(15 | 20|30 20 {20 |30 700 [|20 [ 20 (15 | 15(30 | 20|20 |20 || &0 sooft 20120| 15|15 30| 20|20 | 20
1400 201 20(15 {20130 20|20 |30 soo{| 201 20115 [ 151{30 | 20{20 |20 || 90| 000t 20120} 15115(30| 20]20 ]| 20
1500 201201520120 20120 |30 o {20 | 20 (15| 15(30 | 20}20 |20 || 00| f1e|] 2020 15]15{30( 20|20 20
1600 201 20|15 202011520 |30 1000)[{20 ] 20|15 | 15(20 | 15|20 |20 || 1100| Jr2e0]} 20120| 15(15|20]| 15{20 | 20
1700 201 2015|1520} 15120 |20 moo || 201 20(15 11020 | 15|20 |20 lj+200f § 1] 20120 15110120 | 15|20 | 20
1800 201 20(10 {15(20| 15120 |20 | 2w (20| 2015 )10/20 | 15]15]20 ]| 20l 2020} 101020 15|15 { 20
1900 201 20({10 | 15201515 |20 w0 {1201 20110110120 15]15 [20 || 200 sl 20120} 10110120 15)15 | 20
2000 201 20(10 {15320 15|15 |20 200 (120 20{10 (10|20 | 1515 |20 || 200 aoafl 201 20| 1010120 1515 20
2100 20120110 |15{20)10]15 |20 a0/ 2012010 { 1020 ) 10)15 |20 || 400 so0|l 201 20| 10}10[20| 10|15 20
2200 20120110 15(20( 10|15 |20 400 || 20| 20 (15| 15|20 | 10|15 {20 | s e |l 20| 20| 15|15[20| 10|15 20
300 20120115 [15(20| 10|15 {20 s00 || 20| 20 {15 | 15|20 | 10|15 {20 || & Tl 20120 15|15(207 10|15} 20
<3512 . <52 & <l 52|
sl | 218|818 |33 . e |2lg|8|8 |33 - AR A HE R REEIF

The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides the MUF during “normal’ hours.

10

ham rad

*Look at next higher band for possible openings.
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Your Ham Tube |
Headquarters !

ADED
TUBES BOUGHT, SOLD AND TR
SAVE $$$—HIGH $8$ FOR YOUR TUBES

Call Toll Free 800-221-0860

Tubes
3-400Z ...................585.00 7360 ........ e $10.00
3-500Z2....................B5.00 7735A...... ciiverii k)
4-400A...................B0.00 8122 . 110.00
v Loy Gristo] - S b 10, S - ) U] - RN |
S 474 L R S PP aT S5:00 8643...anieanian 82.50
Bl Naiaassmrsmma12) 88 naissyisasm 26.50
B3, ccciimsesmssnsnen 3000 BEBTR . ivarsrimsrsmmmns i 1300
6146B......ccviiiiiinnn 880 8874 195.00
8360 ... B BRI e 500.00
GBB3B. e Ol 8908 cerrenieennn. 12,50

MAJOR BRANDS ON HECEIV.EFI TUBES
75% off list

Semiconductors

MRF 245/SD1416..$30.00 SD1088 ................... 19.95
MRF 454 .................14.95 2N3055.......................75€C
MRF 455 ........... ..10.95 2N6084....................12.50
RF Connectors

L2089 i 10/$34.95 M358...................2.50 ea.
PL258..ciinneininnn 101895 M358 1.75 ea.
UG 175/176..........10/1.60 Type "'N"" Twist on
UG255/u..............2.50 ea. (RG8B/u)..............54.75 ea
UG273/u..............2.25 ea.  Minimum Order $25.00

Allow $3.00 min. for UPS charges 150
COMMUNICATIONS, Inc.
2115 Avenue X Brooklyn, NY 11235

SERVING THE INDUSTRY SINCE 1922 Phone (212) 646-6300
Call CECO For Your CCTV Security And Color Production Requirements
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Freq. 2.1 to 2.7 GHz . 34 db Gain +

COMPLETE SYSTEMS:
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Commercial 40"
~ Rod Style $99.95
Parabolic 20"
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COMPONENTS
Down Converters
(either style) $34.95

Power Supplies $24.95
(12V to 16V. DC4)
Data Info (Plans) § 9.95

CALL OR WRITE FOR
KITS, PARTS, OR MORE
INFORMATION

" Shipping & Handling Add $5.00
' We Repalr Most Types Down
Converters & Power Supplies

Phillips-Tech

LIFETIME LIMITED WARRANTY
PARTS & LABOR

(602) 947-7700
Special Quantity Pricing
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COMMUNICATIONS EQUIPMENT SALE’

ICOM IC-751A LIST PRICE $1399
CALL FOR SPECIAL SALE PRICE!

ICOM IC-745 LIST PRICE 5999
CALL FOR SPECIAL SALE PRICE!

IC-27A, IC-27H,

IC-37A, IC-47A

All Now Available

Call For Special Sale Prices!
Save $5%!

IC-271A/H 2 mirs
IC-471A 70 cm

Perfect Oscar Equipment
Call For Special Prices!

IC-02AT
New 2m HT

KENWOOD

T5-930S8 LIST PRICE $1799
CALL FOR SPECIAL SALE PRICE!

TS-4308 LIST PRICE $889.95
CALL FOR SPECIAL SALE PRICE!

TW-4000A

With FREE V5I Voice
Synthesizer and MA-4000
Dual-Band Antenna

Only $599.95 Save $85

TM-211A/411A
25 Watt FM Mobile

Call For Your Special Price

FT-757GX LIST PRICE s829
CALL FOR SPECIAL SALE PRICE!

FT-726R LIST PRICE $829
CALL FOR SPECIAL SALE PRICE!

FT-209RH

NEW High Tech
2mtr HT

5 Watt Output
NOW IN STOCK
CALL FOR YOUR
SPECIAL PRICE

TEN-TEC
SALE!

CORSAIR List $1169
SALE PRICE $999!

NEW 3KW Amplifier

Model 425 Titan

List $2495

CALL FOR SPECIAL PRICE

TEN-TEC

New 2M HT
Full Featured!
List $319

Sale $279.95!

4229 2KW Tuner Kit $189.95!

SALE!
NEW RTTY/CW COMPUTER
INTERFACES

H#

CRI-100 List 5249 SALE $229.95!
CRI-200 List $299 SALE $269.95!

CWR6850
RTTYICW
TERMINAL

List $999 SALE $749.95!

Other HAL Progucts On Sals
W 1266 0

ST422m HT $249
§7222 220 MHz H.T... 8279
5T442 440 MHz H.T.

LS202 2m SSBIFM H.T

$289
$229

KDK FM2033
List $339.95 Sale $299.95
e s B

.y
TITE N LLE )

Aalls4lE1= AMPLIFIER
* SALE!

B1016
$249

Model  Band  Pre  inpul  Output ’91: |§-|.
amp -l s
& i We A $249
¥ m W SA 3 16
L e oW I
LU 104 $1%8
'M " A $oan
. M WIW 1A s
7 2 4 W LU |
0 W wa 3119
' EF oW P TR FL T
4 Adi W BA 1R
T YR T v 04 $2AG
AL 1 Remole Contiol lor Mitsge Amplitisi 24
MEP O and MP 2 Paas Asading Walimeter e

ASTRON POWER SUPPLIES
Heavy Duty  High Quality Rugged Reliable

& inpul Voltage 105 125 VAL Dulpu! 13 BVDC & USY
& Fylly Eheclrome ity Regulated — Smy Massmym Ripple
& Current Limiting & Crowba Protection Cacuils
& M Setes With Meter — A Seies Withau! Mete
“Cont Ampa IC5 Amps Frice
L] 4 PN
4 a9
< " )
! 16 P, L]
E 08
RS I5A W 11
RS e . 149
R5%0A 3 o 99
ASSOM 3 0 X

All AEA Keyers, Antennas & Accessories
In Stock!

TORYO HY-POWER AMPLIFIERS

HLIOV 2m Amp 2-30 FM 59 95
HLAZV 2m allmode Amp 2.30 1500
HLEZYV 2m Amp & Preamp 10-80 139 95
HL1BOV 2m Amp & Preamp 2/10- 160 288 95
HL20U 440-450 MHz Amp 2-20 08.95

HLOOU 430-440 MHz Amp 10-90 19 00

MODEL RS 50A

S—— :
R AR |
*®:3.i99¢90, vy

MFJ 1224 COMPUTER INTERFACE $89.95

2028 Noise Bridge $59.95
250 2KW Qil Load $3595
422 Keyer/Paddle 389 95
901 300W Tuner $59.95
941C 300 W Tuner $89.95
989 Deluxe 2ZKW $299.95

K< Kantronics

£oL CP-1 COMPUTER PATCH
List $239.95 SALE $189.95!
CP1.20 $213 CP164 $2l9
MP-20 $129 MP-64 I
VIC-20 MBA Text $79 C-64 MBA Text sm | -

The Interface Reg. $169.95 Sale $129.95
The intertace || Reg. $269.95 Sale $239.95

Appie Amior
SofUHamtext.. $139 VIC-20 Hamsoh ... 49
VIC-20 Amior Soh. 89 Hamtext VIC-20 .. .99

Model 64 Hamtext Model-64..99
Amtor Soh 89 Atari Hamsoh A9
Appie Hamsoft......29 TRS-80C Hamsoft .59
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-
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Telephone
(214) 422-7306

1108 Summit Ave., Suite 4 ® Plano, Texas 75074

Tell ‘em you saw it in HAM RADIO!



ANTENNA/TOWER SALL!

- &
y-gain $ RGN 1A ax®
£ Self Supporting Towers Ex 8 BUTTERNUT
CRANKUP SALE! b On SALE! These rugged crankup tow- B ELECTRONICS CO
All Models Shipped * ers now available from Texas = ’
Factory Direct— % FREIGHT PREPAID Towers! All models available -
Freight Paid* ! '_:: « All Steel Construction— On Sale for tremendous sav- HFEV $129 Delivered (Cont. USA)
: ings to you!
Check these leatures: - Rugged « Full Legal Power 80/10 Meters
® All steel construction ] * Galvanized Finish—Long Lilt‘ Takam on '::'“"' ‘::"' ‘;" « Optional Stub Tuned Radial Kit
® Hot dip galvanized after = * Totally Free Standing—No :w.::“‘.r“‘ Eﬂl’ﬂlﬂi l"d '1 Model STR Il $29
tabrication <] Guy Wires ":“ I :c o1y 0 yeu = Optional Roof Mounting Kit
 Complete with base and P+ America's Best Tower Buy—| | N Model RMK |1 $49 (includes STR 11}
rotor plate = Compare Save $ o “ ;‘I’ s '"?':;' - » Optional 160 Meter Resonator Kit
® Totally self-supporting— <) * Complete With Base and | el e Model TBR 160HD $49
no guys needed 5| Rotor Plate 7 Inbtication
Sale S< = In Stock Now—Fast +» Complete with base and New 80/40 Meter
Modsl  Height Losd  Price = Delivery ! rotor plate Vertical Antenna
Hawes 3rh. Gsqit. $749 | ] Ant Pa— * Totally sell-supporting—no HF2V $129 Delivered
Hos2ss  sen wsan. $1099 | Model |rmgm Load* |'m|gm Price* Quys nesded (Continental USA)
HGS4MD 54 16sq fi. $1699| HBX40D | 4Dh |10sqn | 164 $329 | Model Height Up Down Wind Load List  Sale * Optional 160 Meter Resonator
HBX48 | 48n |10sqh| 303 36 3gur g0sqht $§694 $579
5q s420 | W I 2051 5q Kit Model TBR 160S $49
MGIOMD 0N 16sa M. $2699 | wpxse | s6m |10sqn | 385 | sasa | wist 510 205N 90sqh $1154 3889
Masts—Thrust Bearings— | HOBX40| 40ft |18sqf| 281 | 5399 [ LM3sd 540f 2100 16 sqft $2010 51589 |  Delivery Anywhere In The Continental
Other Accessories Available | HOBX48 | 48nt [18sqn | 383 | sase |LM4700 700N 220N 16 sqft $4195§3199 |  USA At No Additional Cost. (Free Ship-
—Call! Pri h . _ | (Motonzed) ping On Butiernut Accessories Also
] Yoﬁf m;{cg;ﬁef:;";.:’e e I‘“ ;‘mnm“:'.'ﬁ.:':;::ﬂ:;m,; DX86 501 2301 25 sqft $7200 Cal | When Purchased With Antenna))
___'_--‘3-_,I Continental US.A.! Wind __IMo:onzom - - -
AG-213U $.29/ $279/10001 | CUSHCRAFT
sﬁ;’_ Upto600 tviaUPS | i 11.BAND HF ANTENNAS ROHN GUYED TOWERS
A3 3¢l Tribander  $219 Ad 4-el Tnbander 3289 )
« AG-213/U—95% Bare Copper Shield R3 20/ 15/10mtr Veri$279 A743/A744 40mir kit $75 10 1t Stack Sections
* Mil-Spec Non-contaminating Jacket for longer HF MONO-BAND ANTENNAS 20G $39.50 256G $49.50
lite than RGS cables. 10-3CD $ 95 10-4CO $1p9 MINI-PRODUCTS HO-1 456G $112.50 556 $134 50
= Our RG-213/U uses virgin materials 15-3C0 $119  154C0 $120 LIST $182.50 SALE $159 .
- d Highest Quality! 20-3CD $199 20-4CD $279 : All 206, 256, 456 and 55G Accessories
RG-8X $.19/n $179/1000 ;a-gflllﬂ“ m“szsg 040 $149 | o Wing Span- 1111« Wind Area - 1.5 ft In Stock at Discount Prices - CALL!
| ——bo="m ASO8 $79 6178 s109 | * Boom - 54 in. long  1200W P.E.P. Input Feidoves oht | Ant Load®
» RGBX—95% Bare Copper Shigid » Low Loss 2148 s79 3219 $ 5 Towsrs
* Non-contaminating Vinyl Jacke1  Foam Dislectric) 5505 § 95 4248 $ 79 | ALPHA DELTA COMMUNICATIONS
Coaxial Cable Loss Characteristics (DB/100 i OSCAR/TWIST ANTENNAS Transi-TrapT™ Surge Protectors—in Stock Now!
i H H 7 | Ar44-10T § 52 A144-201 $ 75| Model LT 200W UHF Type  $18 =
RG-213/U] 50 65| 9| 23 A147-207 $ 63 41678 $ 50| Model HT 2KW UHF Typa 29
RGEX 52 sli12] as 68 |A14TMB §$ 29 PS4 $ 69 | RT 200W Deluxe UHF Type $29
AG-58/U | 52 | 14| 19| 60 | 125 VHF/UHF FM ANTENNAS AT/N 200W Deluxe N Type $32
¥ * Alum 50 3 5 12 22 AldT-4 £29 AMTNM $ 49 | HV 2KW Deluxe UHF Type $32
v * Hellax | 50 2| & g | 16 |28 $ 79 228FB $219 | HV/N 2KW Deluxe N Type  $35 g
%" Hellax | 50 1 2 5 g | A496 § 29 ARXZB $ 39 = and Guys al Hinge & Apex
™ KLM —
HARDLINE/HELIAX HY-GAIN KT34A 4.&i Broad Band Triband Beam $330 | TOWER/GUY HARDWARE
- Lowes! Loss KT34XA 6 ¢l Broad Band Triband Beam $489 | 3716 "EHS Guywire (3990 ib rating) $15/n
lor VHF/UHF' | Discoverer 2-al 40-mir Beam $319] 40m-1 40-mir Rotatable Dipole $179 | 1/4 "EHS Guywire (6000 Ib rating) $ 18/
% Alum. w/poly Jacket §.79/1 Discoverer 3-el Conversion Kit ... .$198] 40m-2 2-el 40-mir Beam $309 | 5/32" 7 x 7 Alrcralt Cable (2700 Ib rating) $15/h
¥ * LDF4-50 Andrew Hellax ™ $1 69/t [EXPLORER-14 SUPER SPECIAL. $309 { 40m-3 3-¢l 40-mir Beam $459 | 3/16°CCM Cable Clamp (3/16 " 0r 5/32 " Cable)  $.45
%" LDF5-50 Andrew Heliax M $3.09/f1 | QK710 30/40 mir. Add-On-Kit §7g| 40m-4 4-¢1 40-mir Beam $649 | 1/4 "CCM Cable Clamp (1/4 " Cabie) §.55
soincl conieclt. : below V2§ 2-mir Base Vertical g4g| 2m-13LBA 13-¢12-mir Beam $79 | 1/4"TH Thimble (fils all sizes) 5.45
HARDLINE & HELIAX ™ —————1 THSMK2S Broad Band 5-el Triband Beam  $38g| 2m-14C 14.e1 2-mir Satelite Atenna $89 | 3/BEE (3/8° Eye & Eye Turnbuckle) $6.95
HARDLINE & HELIAX ™ CONNECTORS THIDNS 7.0 Tribad Bam $43g| 2m-16LBX NEW- 16-¢l 2-mir Beam $99 | 3/8"EJ (3/8" Eys & Jaw Turnbuckle) $7.95
Cable Yyps UHF FMLIUHF MALE|N FMLIN MALE | 500 3 0 1rinand Beam 1ol 2m-22C NEW-22-¢1 2-mir Satellile Antenna $115 | 1/27EE (172" Eye & Eye Turnbuckie) $9.95
woAum §19 9 | $19 | 3§25 . 176] 432-30LBX NEW-30-¢1-432 MHz Anlenna 599 | 1/2°EJ(1/2" Eye & Jaw Turnbuckle) $10.95
- ™ THZMK3S 2-¢l Triband Beam $178
F' “'"“m 22 22 205BA5 5-¢l 20-mir Beam $34c| 435:18C 435 MHz Salellile Antenna W/CS:2 $119 | 3/16° Preformed Guy Grip $2.49
" Hellax ™ $49 $49 | ceBAS 5-el 15-mir Beam g19c| 4321618 16-1432 MHz Bearn $69 | 1/4 " Preformed Guy Grip 52.99
-40CX 435 MHz Satellite Antenna w/C5-2 $159 | &° Dwam - 4 11 Long Earth Screw Anchor $14.95
AMPHENOL CONNECTORS 1058AS 5-gl 10-mir Beam s12¢| 4354 k]| 4 4 e a
m: N T 204BAS 4-#l 20-mir Beam §240 o010 CQE_I.ES 1 5000 Guy Insulator (5/32 " or 3/16 " Cable) $1.69
emale $2 95 64BS 4-#l 6-mir Beam $6e ROTORS & | %02 Guy Insulator (1/4 * Cable) $2.99
UGZ1B N Male 523 66BS 6-6l 6-mir Beam §13¢| Alllance HD73 (10 7 sq ft rating) $109 | 578" piam - 8 It Copper Clad Ground Rod $12.95
ANTENNA WIRE & ACCESSORIES 18HTS B0-10 mir Hy-Tower Vertical $43¢| Aliance U110 (3 sqltrating) M
14.Ga Swranded Copperweld $.10/11 | LC-160 160-mir Coil Ki for 18HTS g4¢| Telex HAM 4 (155q It rating) $219 | PHILLYSTRAN GUY CABLE
450 Ohm H D. Line $ 16/ | 214BS 14-8l 2-mir Beam gag| Telex Taillwister (20 5q fi rating) 52"3 HPTG2100 Guy Cable (2100 b rating) s.29/m
18 Ga Copper coaled steel wire % mile long  $30 | 2BDQ 80/40 mir Trap Dipole sg| Telex HDR30O Heavy Duty (25 5q It rating) $519| 4p164000 Guy Cable (4000 Ib rating) $ 49/11
H.O. End Insulators $2/ea | SBDQ 80-10 mir Trap Dipole 1L Bl kb st $1891 11p166700 Guy Cable (6700 Ib rating) $ 69/
Van Gorden 1-1 Balun $11 | BNBB 80-10 mir KW Balun W/ Coax Seal §22| KLMEL-3000 Moon Tracker Elevation Rotator $369 | 990110 Cable End (for 2100/4000 cable) $7 95
Van Gorden Center Insulator $6 f:ﬂﬂffﬂkﬂ 31:111::"53';:! H} 9902LD Cable End (for 6700 cable) $8.95
o = 4
HUSTLER 681V 80-10 mir Vert $128] E%— Houns D 8 ond cibia AR fe Potting Compound 31345
G:.mg- 120 n:n;:; ::: E?TV B0-10 mg.vun :109 B - {vinyl jacket 2-#16 & 6-#18 ga) | BALVANIZED STEEL MASTS
. -mir 144 2-mir Base $118|Pro37 7-¢l Triband Beam £ i
Moblle Resonalors |10m | 15m | 20m | 40m_| 75m | CL-33 e-¢l Triband Beam s279| SOUTH RIVER ROOF TRIPODS E;LD"N Sm:r:‘ 201 i;infc'llu fﬂ:;“ l!Tm Imi;:'ﬂ
400W Standard | $16 | 817 | $19] $22 | 526 |IA-333-eiTriband Beam $249| HDT-33 M Tripod . $19 MWDT-55fi Tripod 520 | 3o wan | 529 549 $59 $79
2KW Super $20 | s22 | s25] $29 | s3n |TA-33JR3-el Triband Beam $189| HDT-10 10 Mt Tripod. $49 HDT-1515M Tripod $69 | g wall $39 $69 I $99 $1729
Bumper Mounts - Springs - Foiding Masts in Stock! | 'A40KR 40 mir Kit for TA33 $119| Heavy Duty Tripods include mtg hdw-UPS Shipp 25mwall | $69 | 5129 | $189 | 3249
TEXAS TOWERS Lt g
(214) 422-7306
_VEA | (g Div. of Texas RF Distributors Inc. Store Hours: Mon-Fri: 9am - 5pm
: 1108 S it Ave., Suite 4 « PI Ti
ummit Ave., Suite ano, Texas 75074 Sat: 9am - 1pm

(Prices & Availabllity Subjeci To Change Without Notice)
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160-meter
transmission line antenna

If height or space
is a problem, try this

If you're like me, you don't have adequate yard
space to put up a half-wave dipole on the 160-meter
band or a tower to load as a short vertical. In the past,
) tried not to Jet this discourage me from getting on
160, but the RF burns and unanswered calls that re-
sulted from loading up a 40-meter dipole forced me
to come up with a better antennal

Short transmission line antennas have been used at
UHF and microwave frequencies for quite some time.’
Small slots carved into the bodies of fast-moving
vehicles (airplanes and rockets) have been used to
effectively radiate RF energy using transmission line
principles. In fact the folded dipole, commonly used
with FM receivers, uses these same principles to
receive RF signals. Other types of transmission line
antennas include the “low-profile” type used on trains
and emergency vehicles, where the antenna structure
protrudes just fractions of a wavelength above the
vehicle body. These antennas are advantageous when
antenna size and height are extremely limited.

| live in an apartment complex. The tallest structures
are a couple of 30-foot trees in my small backyard. |
have also found that good grounding is a problem,
making the use of an ‘RF-free’” tuner difficult. After
attempting to work the top band with my existing 20-
meter and 40-meter dipoles (none too successfully),
| decided to give these transmission line ideas a try.
The results have been gratifying, to say the least. | now
have a resonant 160-meter antenna that requires no
tuner, is directly coax-fed, has given no trace of RF
in the shack, and provides enhanced reception due to
very low noise pick-up.

how it works

Many people associate the term ‘“transmission line”’

with the coaxial cable or ladder line that feeds their
antenna — something that ‘‘carries power to the
antenna,”” and not something that should, itself, radi-
ate RF. Of course, it is undesirable to have our feedline
radiate, but many successful antennas, such as the
longwire, the rhombic, and the Beverage are indeed
unbalanced (radiating) transmission line extensions of
their feed systems. By configuring these lines properly,
resulting current distributions along the wires enable
these transmission line extensions to emit and receive
far-field RF energy. By analyzing a familiar transmis-
sion line antenna, the half-wave folded dipole, we can
get a feel for how and why a transmission line
antenna works.

Consider a folded dipole made of twin-lead transmis-
sion line (fig. 1). This type of feedline typically has a
300-ohm characteristic impedance. We can think of
this antenna as being driven by our transmitter, an un-
balanced RF source voltage. A common and useful
technique used to analyze transmission lines is the
superposition principle, where the original source
voltage is replaced by several different sources which,
when combined, add to give the equivalent voltage
of the original source. Superposition is used to recon-
figure the folded dipole as shown in fig. 2. By break-
ing down the superposition model, it is possible to con-
struct and identify distinctive modes that characterize
the behavior of the antenna. Figure 3A shows “‘push-
push’ or even-mode feeding, in which both wires in
the twin-lead transmission line are excited by the same
voltage, and have currents traveling in phase. Figure
3C llustrates “‘push-pull,” or odd-mode feeding,
where the two wires of the twin-lead have currents
traveling in opposite directions at any time. The impe-
dances presented by the even and odd modes in terms
of the excitation voltage and currents are easily found
with the superposition model.

By Ted S. Rappaport, N9NB, Box 283, Electrical
Engineering, Purdue University, West Lafayette,
Indiana 47907
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fig. 1. Folded dipole antenna.

fig. 2. Equivalentfolded dipole modelusing superposition.

For the even mode case:

/]
Zeven = Tei; = 27::; (even mode) (1)

Since the pair of voltage sources in push-push are
similar to just a single source voltage V/2 driving two
parallel strands of wire (assuming the twin-lead spac-
ing is much less than a wavelength), the even-mode
impedence is that of a “wide” dipole (Z,ye, = 50 to
75 ohms). This simplification is shown in fig. 3B.
Because the even (push-push) mode does the radiat-
ing, it is sometimes called the antenna mode. Note
that the value of current in each of the transmission
line wires is half of the total even-mode current.

For the push-pull case, the odd mode impedance
is given by:

7]

2 V;

Zogd = Toad — Z-Ij,j: (odd-mode) (2)
Zdq is the parallel combination of the impedances of
each of the short-circuited ends of the folded dipole,
reflected 1/4 wavelength back to the center feedpoint.
Recall that a short-circuited transmission-line offers a
near infinite impedance when the source is placed one-
quarter wavelength from the short. The odd mode
(sometimes known as the transmission line mode)
impedance is made very high in this manner. Instead
of short circuits, resistors can be placed at various
nodes to alter even and odd mode impedances, as well
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as current distributions. This is sometimes done with
rhombic antennas and vee beams. For our folded
dipole example, we can observe that the antenna
mode offers an impedance to RF on the order of a
dipole antenna, whereas the transmission line mode
offers extremely high resistances to RF.

Specifically, the input impedance to the antenna is
easily computed (using superposition) as:

Zu= (Y )- Vi
" [i [(]even/2> + Iodd]
Vin
) (o @
4Zeven 2Z0da'
4Zevenzodd

- ~(Zzeven + Zodd)
Observe that for Z,4,4 very large (as is the case here):
Zin = 4Z,yen = 300 ohms

We find that not only does this transmission-line
antenna radiate, but it also has an input impedance
of four times that of a conventional dipole. Conven-
iently, this structure can be fabricated out of 300-ohm
twin-lead, and can also be fed with 300-ohm twin-lead,
providing a good match to a 300-ohm receiver. In the
case of Yagi antennas, where the mutual impedance
effects drop the antenna feedpoint to below 20 ohms,
a folded driven element can be used to increase feed-
point resistance by roughly a factor of four.2

using the ground as an image

By using the ground to electrically provide half of
the antenna system, we can think in terms of a single
wire above ground. Figure 4 shows something that
looks like a folded-dipole using an image. Note that
the wire height must be much less than a wavelength
for the transmission line principles to hold. Since
horizontal image currents always travel in opposite
directions as do the wire currents, the horizontal por-
tion of this structure, unlike the original folded dipole,
will tend to cancel out in the far-field (i.e., the even
mode impedance for this antenna is extremely high).
The wvertical shorting segments, however, will provide
a vertical radiation pattern, enabling this antenna to
emit and receive RF energy.

Closer inspection reveals that the antenna of fig.
4A is identical to the odd-mode excitation of the
original folded dipole. Recall that the odd-mode im-
pedance was calculated by considering the parallel
combination of the two transmission lines transferred
back to the feedpoint. By this technique, it is easy to
predict that the input impedance of the structure in
fig. 4A will be very high, and the radiation will be due
primarily to the short vertical segments at the ends of
the structure.
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fig. 3. Even and odd antenna mode configurations for
a folded dipole: (4) even-mode excitation; (B) even-mode
simplification — dipole antenna; and {C) odd-mode
excitation.

Now suppose instead of folding both sides of the
antenna to ground, we open one of them and move
the feedpoint to a *'strategic’’ location fig. 4B}. This
type of antenna is known as a low-profile antenna, and
has effectively been used at low frequency (LF) and
medium frequency (MF) bands, as well as at
microwave frequencies.?

low profile antenna

To calculate the input impedance of the low profile
antenna at a particular feedpoint we need only deal
with the odd mode, since, as was the case for the
antenna in fig. 4A, the even mode offers an extremely
high impedance because of image current cancel-
lation.

Again, we must combine in parallel the impedances
of the open and shorted (folded) sides of the struc-
ture. For any transmission line, input impedance values
may be found by:

Zshordx) = ZpTanh(vyx) and Zgpen(y)
ZoCoth(~y) 4)

where Tanh( ) and Coth( ) are hyperbolic trigonometric
functions, Z, is the characteristic impedance of the
transmission line, x is the distance from the feedpoint
to a short-circuit termination, y is the distance from
the feedpoint to an open-circuit termination, and v is
the complex propagation constant of the transmission

line, made up of a real attenuation factor, «, and im-
aginary term, jB, representing the emission wave-
length of the source (v = a+jB).

The characteristic impedance of the single wire (and
its image) is dependent upon many factors. These in-
clude height above ground, ground conductivity, and
moisture of the air, to cite just a few. At 1.8 MHz, an
approximate value for the characteristic impedance of
a wire 6 meters above ground is about 800 ohms. The
value of Z; is really not important, though. The suc-
cess of this antenna lies in the parameter .

Naturally occurring losses in the ground and in the
wire cause some slight attenuation in electromagnetic
waves as they propagate through the line. This atten-
uation, «, is expressed in units of relative voltage
decrease per unit length (dB/m), and yields the real
part of . It is instructive to compare a lossy and
lossless model of the low-profile antenna to see ex-
actly how it loads.

For lossless transmission lines, where v = j3, the
expressions for short-circuit and open-circuit trans-
mission lines simplify to:

Zshor(x) = jZoTan(Bx) and
Zopenly) = —JjZoCol(By) (5)

where Tan( ) and Cot( ) are trigonometric functions,
and j is the imaginary operator, or a 90-degree phase
shift. For this ideal case, the parallel combination of
the open and short-circuited line yields an imaginary
result for any value of x or y | Since it is impossible
to deliver power to a purely reactive load the SWR is
infinity for the ideal case. However, when losses are
considered, it is possible to solve for values of x and
¥y which yield a purely real Z;,,. This indicates that we
are using the naturally occurring losses of a transmis-
sion line to provide a purely resistive RF load for our
transmitter! The end result is an antenna that can be
made to resonate at any real impedance, provided the
correct lengths of open and short-circuited transmis-
sion line are used.

implementation

Solving for the lengths x and y is much too imprac-
tical because of the many variables that exist at an
antenna site. Trial and error is the easiest way to ‘‘zero
in"”’ on the particular lengths needed for a desired im-
pedance and a given configuration. For a 50-ohm
antenna impedance, | wound up with the dimensions
shown in fig. 5. Only four tries were required to get
the SWR below 1.5:1 in the 1800 kHz to 1850 kHz
band, pruning only the longer (open) length of wire.
| also discovered that other configurations are possi-
ble, at the expense of some bandwidth (fig. 5B). Since
different locations will use slightly different configura-
tions, it is impossible to derive explicit formulas for the
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fig. 4. Example of antennas with images: {4) pseudo-folded dipole with image; (B) low-profile antenna.

wire lengths; however, it is safe to say that the open-
circuit length will not exceed 40 meters (0.24 \), and
the short-circuit length should not exceed 9 meters
(0.05\). To tune the antenna, start with these lengths
and trim the longer wire (open-circuited transmission-
line} by removing 0.5 meter lengths of wire until the
SWR approaches 3:1 at the frequency of interest.
Then, very finely prune both the open and short-circuit
lines for best SWR. Small lengths of wire may have
to be re-inserted after course pruning to optimize the
match to the transmitter. It is important to be sure that
all antenna SWR measurements are matle with the an-
tenna at its operating height, as the wire height above
ground critically effects the tuning (in fact, this is
another parameter that can be varied in the pruning
process to provide the best match). It should be possi-
ble to achieve an SWR well below 1.5:1 if patience is
exercised in trimming the antenna.

Wire heights from 2 to 8 meters make the transmis-
sion line approximation valid, although | would think
that heights greater than this could also be made to
resonate. The antenna feed system is simply a ran-
dom length run of RG-58U coaxial cable. The open-
circuit wire is connected to the coax center conduc-
tor, while the coax braid is soldered to the short-circuit
wire, which is terminated at a ground stake {fig. 6).

antenna performance

| was able to obtain an SWR of less than 2.0:1 from
1800 kHz to 1900 kHz using the configuration shown
in fig. BA while obtaining the same SWR over a 70
kHz bandwidth for the set-up shown in fig. 5B.

My first evening on 160 meters with this antenna
was most enjoyable, as | rag-chewed with stations
from Delaware to California! Never before have | been
able to call CQ and get an answer. It sure beat the
RF burns and weak signals | had been used to!

1've worked over 30 states and several DX stations
(including two Europeans) in the past month using
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fig. 5. Low profile antenna dimensions for 160-meter
operation at N9NB: (A4) low-profile antenna for 1850
kHz — 100 kHz bandwidth {dimensions: x = 8 meters,
y = 34 meters, height = 6 meters); (B} low-profile anten-
na for 1850 kHz — 75 kHz bandwidth (dimensions x = 6
meters, y = 35 meters, height = 4.5 meters).

only a 1-meter long ground pipe and 100 watts of
transmitter power. Also incredible is the low receiver
noise level. There have been many times when | could
copy DX stations, while many other stateside opera-
tors could not. This antenna may be of interest to
those who don’t have room for Beverage antennas but
want to get away from the received noise character-
istics of verticals and dipoles.

The antenna seems to exhibit a moderately high
angle of radiation and has a radiation pattern similar
to that of a short dipole combined with a short verti-
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fig. 6. Simple feed method.

cal. The short-circuit line provides a vertical pattern,
making this structure similar to a short vertical
antenna. The open circuit wire provides some horizon-
tal radiation, and is effective in tuning the antenna to
resonance. The efficiency of this antenna is deter-
mined primarily by the ground conductivity at the
antenna site. Unfortunately, soil is a very imperfect
conductor. Ground radials may be used to increase
efficiency, although they are not essential. In fact, a
poor ground may actually be beneficial as it would pro-
hibit complete cancellation of the horizontal current
components in the far-field.

KS9J and WA2JQW have reproduced this structure
at their locations using wire heights as low as 6 feet
(1.9 meters) and short-circuit wire lengths as short as
8 feet (2.6 meters). They have indicated that low SWR
is obtainable using an arbitrary wire configuration, at
an arbitrary height, as long as care is taken to prune
the antenna patiently.

conclusion

After many frustrating attempts to work the
160-meter band without an adequate antenna, | have
finally found something that keeps both me and my
transmitter happy. The low SWR allows for operation
without an antenna tuner, and the direct coax feedline
minimizes RF in the shack. Most gratifying, though,
are the many new friends | have made on 160 meters
and the enjoyment that contacts on the ““gentleman’s
band’* can bring!

Those who are fortunate enough to have plenty of
yard space, tall trees, or a tower might not want to
use this type of antenna for 160-meter operation. But
those of you who think you don’t have the room to
get on ““top band," may want to give this tuner-less,
trap-less transmission line antenna a try.
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: PICK A COMPUTER
INTERFACE

TO MATCH YOUR NEEDS

) COMPUTER PATCH™
MODEL CP-1

MICROPATCH™ MODEL MP-1

COMPUTER PATCH MODEL CP-100

COMPUTER PATCH™ MODEL CP-1

The AEA Model CP-1 Computer Patch has earned a solid reputation for being the best

overall interface value on the market today. We at AEA have now reaffirmed what our E
competitors already know; for the money, the CP-1 cannot be beat! That is why we have

chosen to leave the popular CP-1 in our product line and to introduce new computer in-
terface/terminal units with differing features and performance at different prices.

MICROPATCH™ MODEL MP-1

The new AEA model MP-1 Micropatch represents the best features and performance
available for under $140.00. Featuring true dual-channel filtering of Mark and Space

T tones with an AM detector and Automatic Threshold Correction (ATC) circuit, the MP-1
is in a totally different performance class than competitive units that often have only a
single channel filter or no filtering at all.

The MP-1 also offers a high performance CW capability. With respect to the CP-1, overall
performance is nearly as good; but the CP-1 offers a few more advanced features such
as variable shift tuning, RS-232 option, and a more advanced tuning indicator.

COMPUTER PATCH MODEL CP-100

The new CP-100 Computer Patch offers all the following exciting features in addition to
the CP-1 features:

¢ 170, 425, 850 Hz Calibrated Shifts for Transmit and Receive

* 75 to 1000 Hz Variable Receive Shift Range

* Normal and Reverse FSK Outputs

¢ Input AGC

» Direct Coupled Automatic Threshold Control
* Front Panel Squelch

* Discriminator Style Tuning Indicator

» Current Loop Option

¢ Built-in Monitor Speaker

* Baud Rate Switch

* Improved AM Detector

Brings you the
Breakthrough!
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ATU-1000" # ?

Advanced Terminal Unit

More Hardware Features And Performance Than Any Other Morse, Baudot, ASCII, AMTOR, SITOR,
or H.F. Packet Terminal Unit Anywhere At Any Price!

We recognize that there are few amateurs who can appreciate or afford the outstanding value of
the ATU-1000, but those who can are in for some very pleasurable operating. The ATU-1000 is a
commercial/military unit with all the performance and flexibility that is attainable from today's
technology. Just check out the features below.

* 32 poles, active filtering * Built-in 4 digit counter

* Morse/Baudot/ASCI/AMTOR/SITOR/H.F. * CW filter adjustable 700 to 2500 Hz
Packet * D.C. coupled automatic threshold

» Set receive filters to one Hz accuracy correction

» Set receive MARK & SPACE filters ¢ Twin full-wave detectors
independently from 1000 to 3000 Hz ¢ Built-in TTL/RS-232/and loop keyer I/O

* All shifts, 170 Hz fixed or 0 to 2000 Hz * Discriminator-type tuning indicator
adjustable * FSK, AFSK, and scope outputs

* Set AFSK output tones independently * 13 VDC operation, 110 VAC adaptor
from 1000 to 3000 Hz to one Hz supplied

* 5mV to 5V AGC * TTL l/O logic inversion for use with virtually

* Front-panel squelch control any software

* Optional 19 inch rack mount kit

Ask your favorite dealer for a demonstration of the world's finest RTTY/CW advanced terminal unit/
computer interface—the AEA model ATU-1000. If you cannot see your dealer, send for our latest 1
specification sheet.

Prices & Specifications Subject To Change
Without Notice Or Obligation.
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TOLL FREE OUTSIDE CALIF (B00) 421-6631
931 N. Euclid. Anaheim, CA 92801 (714) 772-9200 « Butler, MO 64730 (816) 679-3127
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Breakthrough!
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The World's Most
Compact Mobiles

ICOM’s three ultra com-
pact mobiles...the IC-27A
2-meter, the IC-37A 220MHz
and the IC-47A 440MHz...
are the smallest mobiles
available.

Even in such a small pack-
age the 25 watt mobiles
contain an internal speaker
which makes them fully self-
contained and easy to
mount.

Size. The ICOM compacts
measure only 5/2"W x 1%2"H x
7°D (IC-47A is 9" deep)...
which allows them to be
mounted in various “compact”
locations. Yet the compacts
have large operating knobs
which are easy to use in the
mobile environment.
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More Features. Other
IC-27A/37A/47A standard
features include a mobile
mount, IC-HM23 DTMF mic
with up/down scan and
memory scan, and internally
adjustable transmit power.
An optional IC-P$45 slim-line
external power supply and
IC-SP10 external speaker are
also available

Internal
Speaker

32 PL Frequencies, The
IC-27A/37A/4 7A come com-
plete with 32 PL frequencies.

9 Memories. The compact
mobiles have 9 memaories
which will store the receive
frequency, transmit offset. off-
set direction and PL tone. All
memories are backed up with
a lithium battery.

Speech Synthesizer. To
verbally announce the receive
frequency, an optional UT-16
voice synthesizer is available.

Scanning. The ICOM
compacts have four scanning
systems...memory scan, band
scan, program scan and priority
scan. Priority may be a memory
or a VFO channel..and the
scanning speed is adjustable.

Stacking Mobile Mounts.
The |C-27A/37A/47A can be
stacked to provide a three
band mobile station. Each
band is full featured and will
operate even when another
band is in use.

The IC-27A/37A/47A pro-
vide superb performance in
the mobile radio environment.
See them at your local ICOM
dealer.

[ICOM)

First in Communications

ICOM America, Inc., 2380-116th Ave NE, Bellevue, \WA 98004 / 3331 Towerwood Drive, Sulte 307, Dallas, TX 75234
All stated specifications are approximate and subject to change without notice or obligation. All ICOM radios significantly exceed FCC requiations limiting spurious emissions. MOBILES 385
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stacking antennas,
part 2

Last month’s column discussed the
theoretical aspects of stacking
antennas.' It was pointed out that the
optimum stacking distance for two
antennas occurs when the beamwidth
in the stacking plane is reduced to
approximately 50 percent of the origi-
nal antenna beamwidth and grating
lobes are about 13 dB below the main
lobe. It was further stressed that the
antenna to be stacked should be
“clean’” (low side-lobe) in order to
achieve effective stacking since the 13
dB grating lobe level can’t be obtained
if the antenna to be stacked has 13 dB
or poorer side-lobe levels to start with!
Finally, it was shown that if everything
were done correctly, a gain increase of
2.5 dB, instead of 3 dB, would be a
realistic figure every time the number
of antennas was doubled.

Several tables and graphs were also
presented to enable you to determine
the optimum stacking distance for any
antenna. While all the electrical param-
eters are necessary, the practical feed-
ing and physical aspects of stacking
antennas are also important. There-
fore, this month’s column will try to tie
the subject of stacking together so that
you can choose the optimum configu-
ration for your particular application.

While working on part 2 of this arti-
cle | noticed that there is one caveat
| neglected to point out in part 1. A/
the information presented on stacking
is based on having no ground reflec-
tions {antennas in theoretical space).
However, once an antenna is over 2 to

3 wavelengths above ground (a typical
situation on 2 meters and above}, the
antenna is, for all practical purposes,
in free space. At 6 meters there may
be a problem since the lower antenna
should be at least 40 feet {12 meters)
above ground.

stacking configuration

There are literally dozens of ways
that antennas can be stacked. How-
ever, only a few configurations are
typically used by Amateurs.' Some of
these are shown in fig. 1. (For clarity,
the mechanical considerations have
been omitted from the illustrations.)
The simplest stacking configuration
places two Yagis in either the horizon-
tal (fig. 1A) or vertical (fig. 1B) plane.
The optimum spacing between the
Yagis was discussed in last month’s
column. I’'m often asked the reference
point for measuring the spacing: it is
the distance between the current
points — usually the boom on a Yagi.
In the special case of the loop Yagi, it
is the center-to-center spacing be-
tween the loops.

One of the most popular stacking
configurations for higher antenna gain
is the “quad’’ or “'box’’ shown in fig.
1C. This is usually a simple mechanical
arrangement and has almost identical
beamwidth in both the vertical and
horizontal planes.

An often-overlooked configuration
is an array of six Yagis (fig. 1D}, which
yields a theoretical improvement of
1.75 dB and a typical increase of 1.b
dB over a four-Yagi array. This is only
about 1 dB below an eight-Yagi array
but with a 33 percent smaller area! This

configuration is only recommended
using vertical stacking as shown and
has a more complex mechanical struc-
ture. However, it is particularly recom-
mended for those who can’t double
their arrays but could expand a four-
bay array to six antennas with mini-
mum cost and mechanical impact.
Other common high-gain configura-
tions especially popular with EME’ers
are shown in figs. 1E, 1F, and 1G.
These arrangements are usually the
easiest to realize mechanically when
very high gains are required.

vertical versus
horizontal stacking

Last month’s column discussed the
problems associated with the side
lobes in the H-plane (vertical) of a
typical Yagi antenna and showed that
they are normally 2 to 3 dB worse than
in the E (horizontal) plane. Hence, Yagi
antennas must often be stacked closer
than desired in the vertical plane to
control the vertical grating lobes. Con-
sequently, vertical stacking may yield
slightly less gain increase than horizon-
tal stacking.

However, despite these negatives,
there are reasons for stacking Yagis
vertically. First, there is sometimes
only one vertical mast available.
Secondly, when very high gain is
needed such as for EME, four or more
antennas may be required and hence
stacking some or all of the antennas
vertically is often desirable. Remember
that the array beamwidth decreases
only in the plane of the stacking.
Hence, if antennas are stacked verti-
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cally, the horizontal beamwidth
remains the same. This is particularly
desirable when you don’t want to
“miss’’ stations that are slightly off the
main beam such as when using tropo-
spheric propagation. Likewise, vertical
stacking is especially desirable when
the signals may be up to 5 or 10
degrees off the great circle path such
as in meteor scatter communications.
Conversely, horizontal stacking is
desirable for auroral propagation since
the signal returning from the auroral
curtain is usually elevated above the
horizon. Horizontal stacking does not
affect the vertical beamwidth of the
antenna being stacked.

Finally, when high gain is required
it is almost impossible to not stack in
both planes as shown in figs. 1C-1G.
If six or eight Yagis are used, you can
still tailor the pattern by choosing
which plane requires the greater
beamwidth.

electrical considerations
After choosing the stacking con-

figuration, there are some important
electrical considerations such as
choice of feed line and the placement
of the power splitter/combiner(s). As
mentioned in part 1, losses in the feed
harness can severely reduce the gain
when stacking antennas. The total loss
in antenna gain due to the phasing
harness is the sum of the insertion
losses from the input of the first power
splitter/combiner to the final antenna
feed point on the individual antennas
{see fig. 2). Generally speaking the
major losses are in the transmission
lines in the phasing harness. Note that
the overall antenna gain loss shown in
fig. 2 will only be 0.5 dB, not 2.0 dB
as | sometimes hear! However, while
0.5 dB may sound low, remember that
this loss reduces the stacking gain.
Furthermore, a 0.5 dB phasing line loss
can decrease the receiver signal-to-
noise ratio by 2 or more dB when look-
ing at a “cold” sky on 70 cm EME!
From the above discussion, you can
see another reason why | get so upset
when | see antennas stacked too far

fig. 1. Typical recommended stacking configurations. A) horizontal; B) vertical; C) quad
or box; D) six-way vertical; £) eight-way vertical; F) eight-way horizontal; and G) sixteen-
way symmetrical. Mechanical details have been omitted for clarity. ANote: reference
points for determining stacking distance.
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apart. The additional spacing not only
increases the grating lobes and
decreases the beamwidth unnecessar-
ily but the hoped for gain increase of
0.1-0.2 dB by stacking wider than
optimum may easily be offset by the
extra phasing line loss. And that isn't
all. The clincher against using unnec-
essarily greater spacing is the in-
creased load that is placed on the
rotator and structure.

feeding the array

When stacking antennas, it is com-
mon practice to have a separate phas-
ing line on each antenna. This line is
then connected to a common split-
ter/combiner for each 2, 4, or 6 anten-
nas being stacked. Eight-way split-
ter/combiners are sometimes seen,
but | personally feel that they are more
difficult to use and can add additional
phasing line losses. If coax phasing
lines are used, each is usually run
down the antenna boom to a common
power splitter/ combiner which is cen-
trally located on the main mast or
boom. This method is mechanically
sound but often adds excessive
feedline losses.

A more recent trend popular with
EMEers is to use a ‘’back plane” feed
system. In this arrangement each
phasing line is routed to the rear of the
array rather than down the boom, The
power splitter/combiner is then
mounted behind the antennas, usually
on a separate small boom extending
from the main mast. This allows very
short low loss phasing lines. The main
feediine(s), which are fewer in num-
ber, can now be made from a more ex-
pensive but low-loss air or foam dielec-
tric coax.

phasing line requirements

For best resulits all phasing lines
should have the same overall electrical
length within 22.5 degrees or 1/16
wavelength. This works out to be ap-
proximately 1.7 inches (4.3 cm) at 432
MHz. The longer the physical length
of the phasing lines, the greater
chance of having an unequal electrical
length in these lines.

From my personal experience, | can

POWER
COMBINER

T

/L

0.5d8 LOSS
(4 PLACES)

fig. 2. An example of a four-way power
split showing the associated line losses.

See text for full explanation and overall
loss.
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fig. 3. Recommended configuration for
an open-wire line type of phasing
harness. Note 1. quarter-wavelength of
283-ohm open-wire line. Note 2; identical
lengths of 400-ohm open-wire line. Note
3: 200-ohm balanced feed point. Can be
connected to a 4:1 balun or connected
to another bay using similar matching
schemes as shown. See text for further
explanations. ;

offer the following suggestions.
Always make all phasing lines from the
same roll or piece of feedline. Stay
away from small diameter (e.g.,
RG-58/U) and low-cost feedlines. If
foam dielectric coax is used in a phas-
ing harness, it should be treated
carefully; it can ‘““cold flow’’ when
sharp bends are made and is more
susceptible to variations with ambient
temperature changes.

From practical phasing line meas-
urements | have conducted at 70 cm

using a slotted line, | have found that
a physical tolerance of 0.25 inch (6mm)
on 20 feet {6.5 meters) of 50-ohm
RG-213 type caax cable is more than
adequate when using the same spool
or length of coaxial feedline.

| offer another important observa-
tion. Always lay feedlines out in a
straight line and measure them in a
cool place such as a garage or cellar
out of the direct rays of the sun. In
some tests | conducted in my back
yard, it was impaossible to hold the null
on a slotted line constant long enough
to take an accurate reading since the
sun kept changing the temperature of
my coax line and hence varying the
length!

open wire lines

I'm frequently asked, ““Why not use
open wire lines since they are low cost
and low loss?”’ | will not argue with this
statement but add the following
caveat: open wire line is a fair weather
feedline. Whenever deposits (water,
snow, ice, or industrial wastes) build
up on the spacers, the impedance and
hence the VSWR changes.

If you decide to use open wire lines,
try to keep a low VSWR on all the
lines. The extended expanded collinear
has a problem in this regard because
the VSWR on the feedlines is very
high.2 An array of Yagis with a resistive
{non-reactive) impedance is a good
open wire candidate. However, use a
“Q" or quarter-wave matching section
at each point where the impedance
changes. A recommended example
using 200-ohm antennas and feed
point is shown in fig. 3.

Low impedance (less than 250
ohms) open wire lines are not easy to
realize since spacing is close and the
conductors have a large diameter.
Always use the fewest number of
spacers possible and still maintain the
mechanical integrity of the line. My
experience with extended expanded
collinears showed that the maximum
power split for open wire lines should
be two per junction since four ways
can pose symmetry problems and con-
gestion of lines which often leads to
unequal splitting and lower gain.
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fig. 4. Some typical types of splitter/combiners. A4) Wilkinson hybrid; B) popular “Q"
or quarter-wave section; and C) half-wave type. (See text for further explanation.)

phasing line lengths

Finally, | am often asked, ‘“Should
the length of the phasing lines be a
multiple of half-wavelengths?’’ This
practice apparently started on 2 meters
when two antennas were closely
spaced and the feedlines were also act-
ing as an impedance transformer.

Ideally speaking, the feedline length
is unimportant if the antennas to be
stacked have a reasonably low VSWR.
However, when antennas are stacked,
there is always some mutual impe-
dance. It has been pointed out by Roy
Lewallen, WY7EL, that whenever any
mutual impedance exists between an-
tennas, the ideal phasing line length
should be an odd multiple of quarter
wavelengths which will enhance the
proper distribution of power to each
branch of the antenna.® He further
pointed out that this practice has
been in use on TV antennas for many
years.* Although this may be difficult
to realize in practice {especially on 70
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cm), if possible cut your phasing lines
to an odd multiple of quarter
wavelengths.

power splitter/combiners

All the foregoing stacking informa-
tion would be for naught if there
weren’'t a convenient way to do split-
ting or combining at the antennas in
the array. The methods shown in fig.
3 are fine for open-wire line. Coax,
however, requires different handling.

There are two basic types of power
splitter/combiner(s) that work well
with coax. They are the isolated
{(hybrid) and the non-isolated quarter
wavelength types.

The isolated type shown in fig. 4A
is often referred to as the Wilkinson
power divider.® It uses quarter-wave-
length lines between a floating resistor.
The resistor doesn’t consume power
unless the loads are unequal or
missing. This type of power split-
ter/combiner is not too popular with
Amateurs since the resistors must be

able to dissipate high power (at least
half the power entering the split-
ter/combiner) and isolated from
ground. Lewallen also indicated that
this type of splitter/combiner is not
recommended for antenna phasing
especially when mutual impedances
are present.® One of the most popular
types of power splitter/combiners
used by Amateurs with coax phasing
lines is the quarter wave coaxial
matching section shown in fig. 4B. Its
impedance is the geometric mean be-
tween the input and output im-
pedances and can be easily calculated
using the following equation:

Zune = NZiN Zout 1)

where Z;xy is usually 50 ohms and
Zoyt is the parallel impedance of the
loads. This method can easily be used
to split or combine two, three, or four
ways. Forinstance, the impedance of
the line should be 25 ohms for a four-
way split in a 50-ohm system since the
source is 50 ochms and the load is 12.5
ohms (50/4). Likewise a two-way split
would require a 35.36 ohm impedance.
Both of these impedances are easy to
realize using standard square 1 inch
(2.54 cm) tubing and hobby shop brass
tubing.”:8®

An important attribute of well
designed air dielectric splitter/com-
biners is that they have inherently low
loss. There is no reason why they can’t

be extended internally as described in

reference 9. Also, it is often forgotten
that most quarter-wave type of power
splitters are usable at the third har-
monic. Therefore, a good 2-meter
power splitter may be also usable at 70
cm and a 70 cm splitter at 23 cm.
Let us not forget to mention the so
called half-wave power splitter/com-
biner. Actually it is still a quarter-wave
type since it consists of two quarter-
wave sections back to back as shown
in fig. 4C. It has the added advantage
that as a four-way splitter/combiner,
the internal impedance is 50 ohms.

mechanical aspects of
stacking

In general, try to use symmetrical
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Digital DX-terity—that outstanding
attribute built into every Kenwood
TS-430S lets you QSY from band to
band, frequency to frequency and
mode to mode with the speed and
ease that will help you earn that
dominant DX position from the
shack or from the mobile!

e Covers all Amateur bands
160 through 10 meters, as well as the

new 30, 17, and 12 meter WARC bands.
general coverage
receiver tunes from 150 kHz to 30 MHz.

High dynamic range,

Easily l‘l"t'l(ilflr“i'i for HF MARS operation
* Superb interference reduction
Eliminate QRM mth the IF shift and
tuneable notch filter. A noise blanker
supresses ignition noise. Squelch, R
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Reliable, all solid state design

Solid state design permits input power

of 250 watts PEP on SSB, 200 watts DC

on CW, 120 watts on FM (optional), or
60 watts on AM. Final amplifier protec
tion circuits and a cooling
fan are built-in

Memory channels

Eight memory channels
store frequency, mode
and band data. Channel 8
may be programmed for
split-frequency operation.
A front panel switch
allows each memory
channel to operate as an
independent VFO or as a

fixed frequency. A lithium battery backs

up stored information

Programmable, multi-function scan

Speech processor built-in.
Dual digital VFO:
VOX circuit, plus semi

break-in with sideto

bligatior

—— PUSH ON ~—

Obtional acces
e PS-4 10{ er[mU A( p{\wm supply
® SP-430 external speaker ®« MB-430
mobile mounting bracket ® AT-130
compact antenna tuner covers 80-10
meters, incl. WARC bands
o AT-250 automatic
antenna tuner covers
160-10 meters, incl. WARC
bands e AT-230 base
station antenna tuner
o FM-430 FM unit
e YK-88C (500 Hz) or
YK-88CN (270 Hz) CW
filters ® YK-88SN (1.8 kHz)
narrow SSB filter ® YK-88A
: (6 kHz) AM filter « MC-42S
. UP/DOWN hand mic. ® MC-B60A
deluxe desk mic., with UP/DOWN switch
* SW-2000 SWR/power meter
* SW-100A SWR/power/volt meter
® PC-1A phone patch e HS-4, HS-5,
HS-6, HS-7
headphones
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11 SOAR CORP.

MENU OF INSTRUMENTS

Featuring — Superb Performance, Great Accuracy, Rugged Construction,
Meticulous Quality, Incomparable Prices

Resistance Substitution Box

® 1() to 11 M(1 in 1(] steps.
® 1% accuracy.

® 1 watt resistors.

® Size: 4" X B" X 2"

MODEL RD-111
$49.00
20k Ohm/V VOM

e Measures AC/DC volts, resistance, decibels,
capacitance, battery testand continuity buz-
zer, also temperature scale with optional
temperature probe TP-150 for $19.50.

. ® 10 ampere DC range.

® Size: 315" X 5%" X 1"

MODEL SX-220
$29.95

DC Power Supply

Fully regulated 0 to 25V and 0 to 15A
LED 3 digit readout.

Size: 6'4" X 4%" X 13W".

Other units 0 to 36V at 0 to 3A.
Duals, triples also available.

MODEL 7400
$235.00

3', Digit Bench Multimeter Auto/Manual Ranging

® Measures DC volts 0.1 mV to
1000V; ACV, 1 mV to 1000V;
resistance, 0.1() to 20 M{);
DCA, 0.1 uA to 10A; ACA,
0.1 uA to 10A; diode test, with
continuity beeper

e Supplied with batteries, test
leads, spare fuse.

® AC adaptor Model MQ-62 avail-
able separately for $12.00

® Sjize: 24" X 7" X 7"

MODEL 5030
$169.00

3'2 Digit Multimeter

® 30 ranges, 8 functions, full overload protection

r‘_—-.- ® 10 Amperes AC and DC ranges.

) ® Super fast continuity beeper (<0.4 sec. response).

L ® Diode test plus transistor hFE.

o = ® Large bold 2" LCD readout with low battery indicator
= = ® Complete with test leads, battery and spare fuse.
= LA ® Optional carrying case CC531, $9 90; transistor test

extension leads UP-11, $§4.50.
M DL

“""l MODEL 8050

$76.50

20 MHz Dual Trace Oscilloscope
with Component Tester

® 5 mV to 20V on 12 ranges.

® 20 sweep ranges from 0.2 us to
0.5 s/div plus X5 mag

¢ Built-in component tester. Ideal for
trouble-shooting in cold circuits.

e Complete with 2 probes, spare fuse.

MODEL MS-6022
$599.00

Auto-Ranging AC Clamp Tester

® Measures 0.1A to 1000A; 0.1 VAC to 1000
VAC, resistance, 0.1() to 2 k().

® 3% digit LCD readout,

® Has data hold switch, continuity beeper

e Model 2210 with temp. meas. $110.00.

® Model 2220 with temp. meas. and peak hold
$135.00.

e Complete with carrying case, probes and
battery

MODEL 2200
$85.00

150 MHz Frequency Counter

Measures 5 Hz to 150 MHz on 2
ranges; sensitivity, 30 mV,

Crystal frequency 3.2768 MHz.
Accuracy at0.01sec 100 PPM +1 dgt.
Battery portable or AC optional.
Size: 1%" X 4" X 4%".

MODEL FC-845
$149.00

All prices shown are for 1to 3 pieces of a type. Discounts are available for larger quantities. All models shown and over 70 other SOAR manufactured

instruments are available from selected distributors in the USA

NORTH 1126 CORNELL AVENUE
= " SOAR’ CHERRY HILL, NJ 08002 159
AMERICAN Corporation| gy one (609) 488-1060
JAPAN EUROPE SINGAPORE CANADA
SOAR CORP SOAR EUROPA SOAR ELECTRONICS WATERGLOW

Munich, W. Germany

Sakaki Machi, Nagano, Pref.
Phone (089) 6097094

Phone (02688) 2-4191

Montreal, Quebec

Singapore Pte. Lt
Phone 514-389-8051

Phone 7796111



I

m
==

(s

N

=3
o

o

fasl
ot

stacking configurations because they
are less likely to be distorted by
sagging resulting from wind or ice
loading and are able to return to their
intended shape after any external
forces or loads are removed. Further-
more, in symmetrical configurations
twisting moments are more likely to
only cause a moderate decrease in per-
formance if the mechanical structure

varies more than 1/16 wavelength or
22.5 electrical degrees (as discussed
earlier). Several configurations are
shown in fig. 5. Stacking frames
shouid be strong mechanically. Exces-
sive weight should be avoided at all
cost because it can cause mechanical
distortion. The materials used — as
well as their diameter and weight —
should be carefully examined. The

e
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fig. 5. Typical stacking frame configurations for large Yagi arrays. A) recommended
four-way for a quad of Yagi antennas; B) this is not a recommended arrangement since
only a single boom connection is used; C) recommended six-way stacking frame;
D) recommended eight-way stacking frame; and £) recommended sixteen-way.
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TIME FOR AN _&~A

BREAKTHROUGH

The high quality of AEA products is appreciated long after the price
paid is forgotten.

'-_.-

No Antenna
No Radio

THE FANTASTIC DOCTOR DX™
CW Band Simulation That Is So Real

* Impressive award cerlificates available for varitied perlormance
* On.going contests; 8-hour sprint and 24-hour marathon

HOT ROD™

No Ty You Won't Believe It! Y: Wave Telescope Antenna $24.95*
* Fewer telescopic séctions than any % wave
= Will improve the operating skills of ANY CW operator! whip&
* More fun than ANY Morse Gode trainer ye! devised s 3 ”
« Use with a C-84, TV set, and key (or keyer) * Shorter and Ilglhler than all % wave whips -
« Experience the thrill of a "DXpedition” to anywhere In the world * Speclal matching network designed by Pro- »
* Operate anylime you wanl, ideal for travelers fessor D.K. Reynolds (co-inventor of Iso- g

pole™ antenna) makes Hot Rod competitive-
ly priced. —~

= Mosl gain attainable for length
of antenna— 3dBd (0dBd for JR
models)

* Best decoupling of any commer
cial VHF base station antenna
avalilable

* More gain than many anlennas
claiming up to ¥ dB gain—don't
be fooled by misleading claims!

= Zero degree angle of radiation

PKT-1 Packet Controller

* First commercially available packet controller lor

Amateur Radio.

$589.95

* EVERY PKT-1 Is a digipeater.

* Multiple conversations on simplex channel.

charge protection

* Factory-luned matching net

waork

= Grealer bandwidlh than any
competitive product

* DC grounded for static dis-

* Documented cases of wind sur
vival in 140 + mph hurricanes

« Easler than any competitive an- |
tenna to assemble
Mast 2
as
Not o
Included P
ISO = 144 or 220—%59.95* o
ISO = 144 JRor 220 JR—$49.95* L
ISO = 44038495
E
ANTENNATM

* Send computer files error free,
* Operates from 9-15 VDC for portable or fixed
operation

+ Uses TAPR circultry and firmware

* Digital radio communications for computer to
computer.

* Easy to use—five usual commands.

ELECTRONIC KEYERS

$199.95°
CK-2 Contest Keyer

* 10 soft-partioned™
memories

$109.95*
BT-1 Basic Morse Trainer

$149.95"
KT-2 Keyer/Trainer

* Proficiency Trainer

MM-2 MorseMaticTM

» Teaches code al 20 wpm. = 01-99 WFPM. « Automatic serial number. = Memory keyer.
* Random practice mode. e« Full-feature keyer (no « Stepped variable speed. * Auto serial number,
* Variable monitor tone. memory). * Two speed memories. * Proficiency trainer

All AEA Keyers operate from 9-15 VDC (power supply not included) and offer many more advanced
features than can be listed here. It is no accident that AEA keyers are regarded as the best in the world.

TI4
RTTY/AMTOR MAP-64/2
Tuning Aid  $119.95 $239.95*

Unmatched Software For C-64
And VIC-20 Computers

MBA-TORTM__The most advanced soft
ware written for Morse-Baudot-ASCII

«‘\,?-.. .

CP-1 $239.95*°

» Spectral display of RTTY
tones,

* [nstant indication of shift
(THREE RANGES)

* Built-in speaker with switch
for gquiet monitoring

* Plug-in hardware and firm-
ware for C-64 computer,

* Dual channel filters

* Ext. 12 VDC reduces load on
computer (power supply not
included)

* Morse-Baudot-ASCII-
AMTOR

* Most advanced software
available.

Computer Patch™ |nterface

« Better performance than any com-
petitive product

* Dual channel liltering with auto
threshold correction

* Variable shift

* 117 VAC power supply included

AMTOR including mail drop
MARSTEXTTM _ 5 special Morse-Baudot
ASCIl package wrillen especially for
MARS and olher tralfic operators
SWLTEXTTM _The most sophisticated
software available for the shortwave lis
tening enthusiast. Automatic data analy
sis; Morse, Baudot, ASCIl, AMTOR, and
SITOR

AEA also offers Morse, Baudot, and ASCI| software for the following comput-
ers: Apple Il 1l +, lle; IBM-PC.

(716) 664-6345

VHF COMMUNICATION

915 N. Main St., Jamestown, New York 14701

160

Ay N Y G NS L N N p e Y oY S SN W N W oW Y o Y oS Y o



table 1. Calculated section moduli for various popular sizes of aluminum tubing
using eq. 2 in text.
outside diameter wall thickness
inches {mm) inches {mm) section modulus
0.250 { 6.35) 0.050 (1.27) 0.00134
0.375 { 9.53) 0.050 (1.27) 0.00368
0.500 (12.70) 0.062 (1.57) 0.00839
0.750 (19.10) 0.050 (1.27) 0.01810
0.750 (19.10) 0.062 (1.57) 0.02140
1.000 (25.40) 0.062 (1.57) 0.04060
1.000 (25.40) 0.125 (3.18) 0.06710
1.250 (31.80) 0.062 {(1.57) 0.06590
1.500 (38.10) 0.062 (1.57) 0.09740
2.000 (50.80) 0.062 (1.57) 0.17870
2.000 (50.80) 0.125 (3.18) 0.32500
2.500 (63.50) 0.062 (1.57) 0.28450
3.000 (76.20) 0.050 (1.27) 0.33610
3.000 (76.20) 0.062 (1.57) 0.41490
4.000 (101.60) 0.050 (1.27) 0.60510
4.000 (101.60) 0.062 (1.57) 0.74930

ARRL Antenna Book has an excellent
table listing the weight per unit iength
of most popular aluminum tubing
sizes.'® Furthermore, to prevent bend-
ing moments, it is often better to use
a slightly thinner wall larger diameter
tubing than vice-versa.

The ‘“’section modulus’’ is an ex-
cellent way to compare the relative
bending moment of various tubing
diameters with different wall thick-
nesses.

section modulus =
0.098 [(D?— d4)/D)] {2)

where D is the outside and d is the in-
side diameter of the tubing. Typical
values of section moduli on some
popular tubing sizes are shown in
table 1. Note, for example, that a 3
inch (7.6 cm) diameter tube with a
0.050 inch (1.27 mm) wall has a higher
section modulus and is lighter weight
than a 2 inch (5 mm) diameter tubing
with a 0.125 inch (3.2 mm) wall
thickness. Other values not listed on
the table can be easily calculated
using eq. 2.

Mechanical symmetry of the stack-
ing frame also tends to keep all an-
tenna pattern blockages equal. Like-
wise, wherever possible, the phasing
and feedlines should be neatly and
symmetrically dressed and secured to
a boom. Stacking frames should have

several points of support. Sometimes
tower sections are used for the main
boom on large arrays! Judicious use of
guy wires preferably at right angles to
each other with adjustable turnbuckles
is also recommended.

Finally, try to pass booms and masts
at a mid-point between antennas
rather than adjacent to them. If the
material or boom used in the stacking
frame passes through an antenna pat-
tern, it will have little effect as long as
it is at right angles to the plane of
polarization and/or is less than 1/10
wavelength in diameter when passing
through in the plane of polarization.

other configurations

So far | have been discussing the
common arrays. There are many other
possibilities. When really high gain is
required, a large array of antennas may
be constructed. Amateur arrays using
24 Yagis are already in use on 2 meters
and 70 cm and a 32-Yagi 2-meter
array is under construction! Basically,
these arrays are configured using com-
binations already mentioned. For in-
stance, a 24-bay array can be con-
structed by stacking three eight-Yagi
bays per fig. 1E along a main boom.
A single three-way splitter/combiner at
the center of the array combines the
three eight-bay sub-arrays.

Besides the monstrous mechanical

problems associated with very large ar-
rays, feedline losses and phasing errors
are probably the biggest source of per-
formance degradation. Always try to
use the largest and lowest loss phasing
lines available.Finally, before construc-
ting a large array, consider whether
you are willing to accept all the
mechanical risks — it will be large
enough! Failure to do so may reduce
performance to the point that you may
have no more gain than with a smaller
array!

final checkout

Whenever stacking is employed,
each item should be checked in a
methodical fashion. First off, the
VSWR of each antenna in the array
should be low, preferably 1.2:1 max-
imum. If coaxial lines are used, each
antenna should be VSWR tested after
the antennas are mounted in the array.

Next, connect the individual anten-
nas into the associated power split-
ter/combiner in each grouping and
test the VSWR again. Then, if appli-
cable, test the entire array.

Be absolutely certain that all anten-
nas are fed on the same side of the
array so that 180-degree phase rever-
sals do not occur. Preferably, mount
all antennas the same way. If you
decide to mount some upside down,
make sure to reverse the feed attach-
ment point. Recently, one major
antenna manufacturer had a connec-
tor plate reversed on some of their
antennas."! This did not affect perfor-
mance until two antennas were
stacked. Phase reversals of this type
can cause radiation patterns to skew
or even produce nulls where radiation
would normally be present.

Finally, after final assembly and
testing, measure antenna azimuthal
and elevation patterns, if possible,
using the methods described in refer-
ence 11. If the antenna pattern does
not peak right on boresight (within 1
to 2 degrees) or if the anticipated
beamwidth or level of the side lobes is
not the value anticipated, as discussed
earlier, recheck all electrical and
mechanical parameters to find the
problem.
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FOR SALE

EPSILON RECORDS INTERNATIONAL: A
small business ideally suited for Ham radio
Operators OR established company desir-
ing to expand present operations. Founded
in 1957 by famed educator (late) Russ
Farnsworth. Epsilon produces educational
tapes and records, teaching a course in the
international Morse Code by the patented
"“Word Method’’. Customers include Elec-
tronic dealers (wholesale) on an established
basis and private individuals (retail} on a
mail-order basis through advertising in
trade magazines. Gross dollar in-take can
be expanded in excess of $125,000 with
present equipment. Operations require
small area (home or studio) in any geo-
graphical location. Firm price of $45,000
includes all equipment, machinery, stock,
inventory, master tapes, copy-rights, pat-
ents, customer accounts, files and all
records. For additional information contact:
Peter Shaun Rivage, Epsilon Records Inter-
national, P.0. Box 71581, New Orleans, LA
70172 (504) 242-5922

MULTI-BAND

TRAP ANTENNAS

m———-:————-#—-q-:p—m

Completely assembled & ready to use - Commercial quality,
built to fast -Lightweight, sealed, weatherproof traps
-Automatic band switching - Low loss end insulators - Handles
up to 2000 watts PEP - For all transmitters, receivers &
transceivers - Tuner usually never required -Deluxe center in-
sulator, with buitt in lightning arrestor, accepts PL-259 coax
connector -May be used as inverted *'V'' - Excellent for all
class amateurs - Instructions included - 10 day money back
guarantee!

4-Band-40,20,15,10 meters (55') 2traps  #D42 $55.95 PPD
5-Band-80,40.20,15,10 meters (105°) 2 traps#D52 $59.95PPD

SHIPPED POSTPAID! READY TO USE!

90 ft. RG-58U, 52 ohm coax cable, with PL-259 connector on
each end - Add $12.00 to above price.

We accept VISA/MC-Give Card #, Exp. Date, Signature

SPI-RO DISTRIBUTORS  ©~ 162

Room 103, P.0. Box 1533 | ==
Hendersonville, NC 28793 |semaw 2w

summary

In this two-part series, | have tried
to cover the major electrical and
mechanical considerations required
for properly stacking antennas for
increased gain. Stacked antennas
should be used only when the gain
required is beyond that attainable
using a single antenna. Remember at
the outset that you will be lucky to
achieve 2.5 dB of gain increase for
every doubling of the array size.

Before building an array that re-
quires stacking, plan carefully. Review
both parts of this article several times.
Many alternative configurations have
been discussed, with pros and cons.
Stacking antennas is not a simple job
and there are many pitfalls. Both elec-
trical and mechanical decisions must
be made. If properly executed, the
results can be rewarding. Hopefully
the material presented will be useful in
building your new super-high-gain
array!
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important VHF/UHF
coming events

May 1: ARRL 70-cm Sprint Contest

May 3-5: West Coast VHF Conference,
Sunnyvale, California, (Con-
tact WBRXQ for information)

May 4: EME perigee

May 4: 1300 UTC, predicted peak of
the Eta Aquarids meteor
shower

May 9: ARRL 23-cm Sprint Contest

May 17-19:  Eastern VHF/UHF Conference,
Nashua, New Hampshire,
{Contact WIEJ for
information)

May 19: ARRL 6-Meter Spring Contest
(tentative date)

June 1: EME perigee

June 5: 1930 UTC, predicted peak of
Arfetids meteor shower

June 8-9: ARRL VHF QSO Party

June 29-30: SMI/RK 6-Meter Contest

June 15: 0400 UTC, predicted peak of
June Lyrids meteor shower

June 21: Mean date of the two-month
annual peak of sporadic-E
propagation

June 29: EME perigee

ham radio

TO: OH - FINLAND- ROVANTEMI DXCC

BEARING: 26 DATE: 6-20 TIME: EST
RANGE: 4005 FLUX: 120 PLOT: MUF
30

26

{ } denotes for the (C-64) only.
C-64 MUFPLOT V2 disk only $32.95
APPLE MUFPLOT disk only $37.95

VISA, M.C., personal checks accepted.

l C-64 is a trade mark of Commodore Co.
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North American orders add $2.00 for S/H all others $5.00.
APPLE is the trade mark of APPLE Computer Co.
MUFPLOT is a trade mark of BASE (2) SYSTEMS.

Propagation by Mufplot

MUFPLOT is being used by amateurs from HONG KONG to BAGHDAD, SOUTH AFRICA to ALASKA, by
sailors, commerical companies and people who know the need of propagation foreca_stmg at its best.

MUFPLOT will give you HPF, MUF, FOT with LUF plus distance and bearing (and time) to any target.

You can select over 400 listed targets by DX or ARRL prefix, 1at /long, or state. The database will let you enter
target data by what ever you want to call it and you can change it anytime.

MUFPLOT will keep track of the stations you have worked for WAS, DXCC or for any other award.v

MUFPLOT gives you a video graph (and/or table) and printer display of band conditions. (A special DX
function lets you see world conditions. You select the number of and locations you want). Band coverage for
the C-64 is 6 to 30MHz video and less then 1 to more then 30MHz printer. The APPLE is 2 to 34MHz. You enter
your QTH lat/long only once but you can change it anytime.

BASE (2) SYSTEMS
2534 Nebraska St.
Saginaw, Ml 48601
Tel.517-777-5613



DRAKE R-4/T-4X
OWNERS AVOID
OBSOLESCENCE

PLUG-IN SOLID STATE TUBES!
Get state-of-the-art performance.
Most types available
INSTALL KITS TO UPGRADE
PERFORMANCE!

« BASIC Improvement
* Audio Bandpass Filter
* Audio IC Amplifier

TUBES $23 PPD KITS $25 PPD
OVERSEAS AIR $7

SARTORI ASSOCIATES, W5DA
BOX 832085
RICHARDSON, TX 75083
214-494-3093 Gl

Need A Storage Scope‘?

"]

The Model 601 Scope Memory
converts your oscilloscope into a
storage scope. With the Scope
Memory you can capture & display
transiants, pulses and low fre-
quency signals. Stores both
analog & digital signals in a single
sweep Features a 1.4 MHZ
sample rate, 2K memory, pre and
post tngger capabilities Price $515

Sibex, Inc.
2340 Siate Road 580 Suile 241
Clearwater FL 33515 165
(813) 797-9589

7 MILLION TUBES

FREE CATAI.OG

Includes all Current, Obsolete, An-
tigue, Hard-To-Find Receiving,
Broadcast, Industrial, Radio/TV
types. LOWEST PRICES, Major
Brands, In Stock.

UNITY Electronics Dept. H
P.0. Box 213 —_—
Elizabeth, NJ 07206
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A quarter-wave antenna is
great for range. But it’s too
tall for most VHF handheld
applications. So Larsen® has
cut the quarter-wave down
to size, without taking any
shortcuts in design or
construction.

The Larsen HQ (helical-
quarter-wave) Kilduckie®
antenna stands just slightly
taller than a helical type, but
measures up to almost full

quarter-wave performance. r‘* 1

The helical design below

o

2]
rsen Fintennas

gives it stability and keeps it
short—nine to twelve inches.
The flexible quarter-wave on
top extends the range and
allows it to bend 180°
Larsen offers ten different
VHF HQ series antennas in
the 136 to 174 MHz range,
to work with most popular
handheld radios. So whether
you're calling for help. or
just shooting the breeze, you
can be sure that Larsen
Kalduckie antennas will
never run short on
performance.

The Amateur’s Professional ™

See your favorite amateur dealer or write for a free amateur catalog.

LARSEN® KULROD® AND KULDUCKIE

* ARE REGISTERED TR

ADEMARKS OF LARSEN ELECTRONICS. INC

w167
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RF transmission cable
for microwave applications

Detailed discussion
examines all aspects

of the vital link between
radio and antenna

The correct selection of RF transmission cable
requires proper analysis of the electrical and physical
parameters of the system.

The amateur microwave enthusiast should be aware
that even though materials and dimensions specified
by manufacturers are usually accurate, changes in
physical and environmental conditions as well as dif-
ferent types of manufacturing equipment or different
manufacturing conditions can lead to cable with
substantialily different performance characteristics.

VSWR uniformity

The VSWR of a cable assembly is the summation
of reflections due to the connectors, the connector
termination technique and the cable. The VSWR of
the cable is the summation of random and periodic
reflections within the cable, most commonly caused
by variations within the processing equipment. The
VSWR will vary with frequency. A common occur-
rence is the VSWR ''spike’’ which is illustrated in
fig. 1.

characteristic impedance

The characteristic impedance of a coaxial cable is
determined by the ratio of the inner diameter of the
outer conductor to the outer diameter of the inner con-
ductor and by the dielectric constant of the insulating
material between the conductors. Select impedance
to match your system requirements.

The most common values for coaxial cables are 50,
75, and 95 ohms. Other impedances from 35 to 185
ohms are available in coaxial configurations, but these
are normally of interest only to the industry.

Note that the actual input impedance at a particular
frequency may be quite different from the character-
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istic, or surge impedance of the cable due to reflec-
tions in the line. The VSWR of a particular length of
cable is an indicator of the difference between the ac-
tual input impedance of the cable and its average
characteristic impedance.

The impedance will vary along the length of the
cable. Variations of 5 percent are common and some
mil spec cables are manufactured to 2 percent
tolerance.

capacitance

Capacitance values for standard coax lines depend
only on cable impedance and dielectric material.

nominal
capacitance
pF/foot cable types
30.8 50 ohm solid polyethylene
25.4 50 ohm foam polyethylene
29.4 50 ohm solid PTFE (Teflon)
20.6 75 ohm solid polyethylene
16.9 75 ohm foam polyethylene
19.5 75 ohm PTFE
16.3 95 ohm solid polyethylene
13.5 95 ohm air space
polyethylene RG62B
15.4 95 ohm solid PTFE
10.0 125 ohm air space
polyethylene RG63B
6.5 185 ohm air space

polyethylene RG114A

capacitance and impedance stability

The capacitance and impedance of long lengths of
cable will exhibit very little change over their operating
temperature ranges (less than 2 percent}. Semi-flexible
foam dielectric cables normally exhibit the least change
in short cable lengths at frequencies over 1 GHz,
although the VSWR can vary significantly if dielectric
movement at the connector interface occurs.

average CW power rating

Coaxial cable power ratings must be derated by cor-
rection factors for the ambient temperature, altitude
(admittedly not of much concern to the Radio
Amateur) and VSWR encountered in a particular ap-
plication. High ambient temperature and high altitude
reduce the power rating of a cable by impeding the

By Howard Weinstein, K3HW, 15 Lakeside
Drive, Marlton, New Jersey 08053
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fig. 1. Dual trace pattern illustrates VSWR excursion

versus frequency for a 16-foot (5 m) length of 3/4 inch
(1.9 ¢cm) 50-ohm cable.
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fig. 2. Temperature correction for polyethylene and teflon
cables.
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fig. 3. Altitude correction for polyethylene and teflon
cables.

heat transfer out of the cable. VSWR reduces power
ratings by causing hot spots.

To select the cable construction for a particular re-
quirement, determine the average input power at the
highest frequency from your station’s requirements.

Then determine the effective average input power with
the following formula:

effective power

__average power X (VSWR correction) m
= (Temp. correction) X (Alt correction)

Temperature and altitude corrections are illustrated
in figs. 2 and 3.

VSWR correction factor

= 1/2(VSWR + 1/VSWR) + 1/2K'e
(VSWR-1/VSWR) (2)
(K" is shown in fig. 4.)

maximum AC operating voltage

A cable cannot operate continuously with corona
because it causes noise generation, dielectric damage
and eventual breakdown. The maximum operating vol-
tage must be less than the corona level {extinction
voltage) of the cable. This is not to be confused with
the dielectric strength of the cable, which is the test
voltage applied for one minute during manufacture.

Maximum operating AC (RMS) voltage levels or
peak voltages are given for each type of cable in many
manufacturer’s catalogs. Usually the maximum per-
missible DC voltage level is 2.5 to 3 times the AC level.
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To determine the actual RMS value, divide peak
voltage by 1.4. To determine the peak voltage, muitiply
RMS by 1.4. Then determine the effective input
voltage by multiplying the actual input voltage by the
square root of VSWR.

The cable you select shouid have a maximum
operating voltage specification greater than the effec-
tive RMS voltage.

attenuation

The attenuation of any cable may not change
uniformly as the frequency changes. Random and
periodic impedance variations give rise to different at-
tenuation responses. Narrow band attenuation spikes
can occur.

0.9 T ot ¢ c—t— 0 e S §

-
o7 ‘\\
05
\.
0.3 \
-)( \
0.1 '\
.
e
0 e + Y
4 0 100 1000

FREQUENCY (MHZz)

fig. 4. VSWR correction (multiplier K') for average curve.
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fig. 5. Cable attenuation increases with both frequency
and duration of exposure to moisture.
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The attenuation of braided cables can increase with
time and flexure. The change with time can be caused
by corrosion of the braided shield, by contamination
of the primary insulation caused by chemicals in the
cable jacket, and by moisture penetration through the
jacket. Attenuation degradation is more pronounced
at frequencies above 1 GHz. Cables having bare cop-
per and tinned copper braids exhibit far greater attenu-
ation degradation than do cables having silver plated
copper braids. Refer to figs. b, 6, and 7.

The following “‘rules of thumb'’ apply in Amateur
service:

Tin-plated braids. Below 1 GHz, cables manufac-
tured with tin-plated braids have at least 20 percent
more attenuation than copper braids in the ““as manu-
factured” condition, but are more stable than bare
copper-braided cables.

Foam polyethylene. Flexible braided cables with
foam polyethylene dielectrics have approximately 15
percent less attenuation that solid polyethylene cables
of the same core size and impedance. However, as
many of us have discovered, the attenuation of foam
cables will increase if moisture is absorbed. In high
humidity environments | suggest that foam cables not
be used above 148 MHz. All of these problems can be
eliminated by the use of semi-flexible cables; semi-

1001
80 RG-217 BARE COPPER OUTER
CONDUCTOR
601 \
40+
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.
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fig. 6. Both RG214 and RG217 exhibit similar attenuation
characteristics vs. frequency.




table 1. Formulas common to all coax cable.

where:

7.36E

Capacitance (C) = LOG(D/d) Picofarads/ft

Inductance (L) = 0.140 LOG(D/d) Microhenries/ft

/ L = 138 LOG (D/d) ohms
¢ JE

Velocity of propagation as percentage of speed of

Impedance (Z,)) =

. 100
light = =
g JE
Time delay = 1.016 NJE nanoseconds/ft
Cutoff frequency = 730 F., (GHz)

VE (D + d)

Reflection coefficient = T

_Zr—Zyp _ VSWR - I

- Z.+Zy ~ VSWR + 1

R = LT

VSWR = 1T 4
Peak voliage = 135 +d (LOG D/d)

- 045 | D, JFE
Ol—ZO(D) [d K1+K2] VF

+ 2.78JE (P.F.) (F)

attenuation in dB/100 ft

the maximum voltage gradient of the cable insulation in volts per mil (thousandth of inch)

material

TFE

polyethylene
cellular polyethylene
polyvinylchloride
silicone rubber
ethylene propylene

a =
d = the outside diameter of inner conductor in inches
D = the inside diameter of outer conductor in inches

S =

E = the dielectric constant of the insulation of the cable
LOG = logarithm to base 10

K = safety factor

K; = strand factor

K, = braid factor

F = frequency in MHz

P.F. = power factor

property of insulating material (dielectric constant “E")

dielectric constant “E”

2.1
2.3
1.4-21
3.00-8.00
2.08-3.50
2.24

flexible cable is generally not available to the average
ham. Its price is also prohibitive, rising into the dollars-
per-foot price range.

It is possible however, to use foam polyethylene
cable up to 12 GHz. The only catch is that it must be
protected from the environment by either running it

through a conduit with forced dry air pumped under
pressure or sheathing it in a seamless metallic tube.

velocity of propagation

The velocity of propagation of cable is determined
primarily by the dielectric constant of the insulating
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Regular SALE

HF Equipment :
IC-740* 9-band 200w PEP xcvr w/mic 1099.00 869

*FREE PS-740 Internal Power Supply &
$50 Factory Rebate - until gone!

PS-740 Internal p/s . (Spacm!']SISQOO 99
*EX-241 Marker unile..............

*EX-242 FMunit............. ’ 39 U'[]
"EX-243 Electronic keyer unit...... 50.00
*FL-45 500 Hz CW filter (1st IF).... 5950
*FL-54 270 Hz CW filter (1st IF}.. 4750
*FL-52A 500 Hz CW filter (2nd IF) 96.50 B89
*FL-53A 250 Hz CW filter (2nd IF) 9650 89%
*FL-44A SSB fiter (2nd IF) ........ 159.00 144%
SM-5 8-pin electret desk microphone  39.00
HM-10 Scanning mobile microphone  39.50
MB-12 Mobile mount.. 19.50

'Osmmh also for IC- ?45 h\l’l l.;"f-ll Jow

IC-730 8-band 200w PEP xcvr w/mic 829.00 569
FL-30 SSB filter (passhand tuning) 5950
FL-44A SSB filter (2nd IF).......... 159.00 144%
FL-45 500 Hz CW filter............. 5950
EX-195 Marker unil................ 39.00
EX-202 LDAinterface; 730/2KL/AH-1  27.50
EX-203 150 Hz CW audio filter .....  39.00
EX-205 Transverter switching unit  29.00
SM-5 8-pin electret desk microphone  39.00
HM-10 Scanning mobile microphone  39.50
MB-5 Mobile mount................ 19.50

IC-720A 9-band xcvr/.1-30 MHz rcvr 1349.00 799%
FL-32 500 Hz CW filter............ 59.50
FL-34 52 kHz AM filter ............ 4950
SM-5 8-pin electret desk microphone  39.00
MB-5 Mobile mount................ 19.50

I1C-745 9-band xcvr w/.1-30 Mhz revr 999.00 779%

PS-35 Internal power supply....... 160.00 144%
CFJ-455K5 2.8 kHz wide SSB filter  4.00
HM-12 Hand microphone .......... 39.50
SM-6 Desk microphone ............ 39.00

*See IC-740 list above for other options (*)

IC-751 9-band xcvr/.1-30 MHz rcvr 1399.00 1199

PS-35 Internal power supply....... 160.00 144
FL-32 500 Hz CW filter (1stIF)..... 59.50
FL-63 250 Hz CW filter (1st IF)..... 4850
FL-52A 500 Hz CW filter (2nd IF)... 96.50 89%
FL-53A 250 Hz CW filter (2nd IF)... 9650 B89%
FL-33 AMfilter.......cvvveennnnnns 31.50
FL-70 2.8 Khz wide SSB filter ...... 46 50
HM-12 Hand microphone .......... 39.50
SM-6 Desk microphone ............ 39.00
CR-64 High stability reference xtal 56.00
RC-10 External frequency controller 3500
MB-18 Mobile mount............... 19.50

Regular SALE
149.00 134%
6.50

Opticns; 720/730/740/745/751
P§-15 20A external power supply.....
EX-144 Adaptor for CF-1/PS-15....

Order Toll Free: 1-800-558-0411

AMATEUR ELECTRONIG SUPPLY

ICOM

Regular SALE

Options - continued

CF-1 Cooling fan for PS-15......... 4500
EX-310 Voice synth for 751, R-71A 3995
SP-3 External base station speaker ... 4950
Speaker/Phone patch - specity radio 139.00 129%
BC-10A Memory back-up......c...... 8.50
EX-2 Relay box with marker .......... 34.00
AT-100 100w 8-band automatic ant tuner 349.00 314
AT-500 500w 9-band automatic ant tuner 44900 399%
AH-1 5-band mobile antenna w/tuner 289.00 259%
PS-30 Systems p/s w/cord, 6-pin plug 259.95 234%
OPC Optional cord, specify 2ord-pim 550
GC-4 World clock......... (Closeout!) 9995 79%
HF linear amplifier Regular SALE
IC-2KL w/ps lé[}-lr‘:m solid state amp 1795.00 1299
VHF/UHF base multi-modes Regular SALE
IC-551D 80 Watt 6m transceiver...... 699.00 599
EX-106 FMoption.................. 125.00 1129
BC-10A Memory back-up .......... 8.50
SM-2 Electret desk microphone . 39.00
IC-271A 25w 2m FM/SSB/CW xcvr... 699.00 619%
AG-20 Internal preamplifier®....... 56.95

IC-271H 100w 2m FM/SSB/CW xcvr 899.00 759*
AG-25 Mast mounted preamplifier* 84.95

IC-471A 25w 430-450 SSB/CW/FM xcvr  799.00 699%
AG-1 Mast mounted preamplifier*  89.00

IC-471H 75w 430-450 SSB/CW/FM xcvr 1099.00 969**
AG-35 Mast mounted preamplifier* 84.95

For a Limited time!
With the purchase of IC-271A/H or
IC-471A/H get the matching Preamp*®

for just $1.00 extra.

Common accessories for 271A/H and 471A/H

PS-25 Internal power supply for (A)... 99.00 89
PS-35 Internal power supply for (H) 16000 144%
PS-15 External power supply......... 149.00 134%
CF-1 Cooling fan for PS-15............ 45.00
EX-144 Adaptor for PS-15/CF-1 6.50
SM-6 Desk microphone ............... 39.00
EX-310 Voice sythesizer . ... 3955
18-32 CommSpec emndefdecuder e 9995
UT-15 Encoder/decoder interface... 12.50
UT-155 UT-155 w/TS-32 installed ... 79.95

VHF/UHF mobile multi-modes

1C-290H 25w 2m SSB/FM xcvr, TTIPmic 549.00 479
I1C-490A 10w 430-440 SSB/FM/CW xcvr  649.00 5795
VHF/UHF/1.2 GHz FM Regular SALE
1C-27A Compact 25w 2Zm FMw/TTP mic 369.00 319%*
1C-27H Compact 45w 2m FMw/TTP mic 409,00 359%
IC-37A Compact 25w 220 FM, TTP mic 449.00 299%
IC-47A Compac! 25w 440 FM, TTP mic 469.00 419%*

UT-16/EX-388 Voice synthesizer ... 2995
1C-3200A 25w 2m/440 MHz FM xcvr 549,00 489%
1C-120 1w 1.2 GHz FM transceiver.,.. 499.00 449%

ML-12 10w amplifier............... 339.00299*

bm 6)nrr.:hh- Regular SALE

1C-505 3/10w 6m port. SSB/CW xcvr 449.00 399*
BP-10 Internal Nicad battery pack 79.50
BP-15 AC charger................ 12.50
EX-248 FMunil........cvvvvennenen 49.50
LC-10 Leathercase ................ 34.95
SP-4 Remole speaker .............. 2495

ﬂ Hand-held Transceivers

Deluxe models Regular SALE
IC-02AT for 2m....... 349.00 289%
IC-04AT for 440 MHE 379.00 319%

Standard models Regular SALE
IC-2A for 2m.......... 239.50 189%
IC-2AT with TTP ...... 269.50 199%

IC-3AT 220 MHz, TTP 299.95 239"
IC-4AT 440 MHz, TTP 299.95239%

Accessories for Deluxe models Regular
BP-7 425mah/13.2V Nicad Pak - use BC-35 67.50
BP-8 800mah/8.4V Nicad Pak - use BC-35... 6250

BC-35 Drop in desk charger for all batteries 69.00
BC-60 6-position gang charger, all batts SALE 359.95
BC-16U Wall charger tor BP7/BPS ............ 10.00
LC-11 Vinyl case... crsnvive. 1199
LC-14 Vinyl case for Dix. usmg BP-7/8........ 17.95
LC-02AT Leather case for Dix models m‘BP NB 39.95

Accessories for both models Regular
BP-2 425mah/7.2V Nicad Pak - use BC35.... 39.50
BP-3 Extra Std. 250 mah/8.4V Nicad Pak.... 29.50
BP-4 Alkaline battery case...................... 12.50

BP-5 425mah/10.8V Nicad Pak - use BC35 49.50

CA-2 Telescoping 2m antenna.................. 10.00
CA-5 5/8-wave telescoping 2m antenna....... 18.95
FA-2 Extra 2m flexible antenna................. 10.00
CP-1 Cig lighter plug/cord for BP3 or Dix.... 9.50
DC-1 DC operation pak for standard models 17.50
LC-2AT Leather case for standard models..... 34.95
RB-1 Vinyl waterproof radio bag ............... 30,00
HH-S8S Handheld shoulder strap ............... 14 95
HM-9 Speaker microphone .........oevvveennnns 34.50
HS10 Boom microphone/headset, . 19.50

HS-10SA Vox unit for HS-10 & Deluxe unly 19.50

HS-10SB PTT unit for HS-10.,0vvvenvnnnnns 19.50
ML-1 2m 2.3w in/10w out amplifier.....SALE 79.95
§5-32M Commspec 32-tone encoder .......... 29.95

Shortwave receivers Regular SALE
R-71A 100 kHz-30 Mhz digital receiver $799.00 659%

FL-32 500 Hz CW filter.............. 59.50
EX-310 Voice synthesizer veer 3995
RC-11 Wireless remote controller... 5995
CR-64 High stability oscillator xtal  56.00

R-70 100 kHz-30 Mhz digital receiver 749.00 569%
EX-257 FM umit. 38.00
IC-7072 Transceive interface, 720A 112.50

FL-44A SSB filter (2nd If).......... 159.00 144%
FL-63 250 Hz CW filter (1st IF)..... 4850
SP-3 External speaker ............. 4950
CK-70 (EX-299) 12V DC option..... 995
MB-12 Mobile mount,.............. 19.50

N I

VISA'

'MasterCard |

o

HOURS @ Mon. thru Fri. 9-5:30; Sat. 9-3
Milwaukee WATS line: 1-800-558-0411 answered
evenings until 8:00 pm Monday thru Thursday.

Please use WATS lines for Ordering
use Regular lines for other Info and Service dept.

In Wisconsin (outside Milwaukee Metro Area)

1-800-242-5195
®
Inc.

4828 W. Fond du Lac Avenue; Milwaukee, WI 53216 - Phone (414) 442-4200

AES BRANCH STORES

WICKLIFFE, Ohio 44092
28940 Euclid Avenue
Phone (216) 585-7388

Ohio WATS 1-800-362-0290

Qutside 1.800-321-3594
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ORLANDO, Fia. 32803

621 Commonwealth Ave.
Phone (305) 894-3238

Fla. WATS 1-800-432-9424

Qutside 1 _80)0-327-1917

1898 Drew Street
Phone (B13) 461-4267
No In-State WATS

No Nationwide WATS

CLEARWATER, Fla. 33575 LAS VEGAS, Nev. 89106

1072 N. Rancho Drive

Phone (702) 647-3114
No In-State WATS

Qutside | _800-634-6227

Associate Store
CHICAGO, lllinois 60630
ERICKSON COMMUNICATIONS
5456 N. Milwaukee Avenue
Phone (312) 631-5181

Qutside 1_800-621-5802




materials between the conductors. This property is ex-
pressed as a percentage of the velocity of light in free

space.
time delay velocity

cable dielectric nanosec/ft percentage
solid polyethylene 1.54 65.9
foam polyethylene 1.27 80.0
foam polystyrene 1.12 91.0

air space polyethylene 1.17 86.0
solid teflon 1.46 69.4

air space teflon 1.16 87.5

cable noise

An area often overlooked by Amateurs is self-
generated cable noise, a phenomenon noted whenever
a cable is flexed. Both acoustical and electrical noise
are generated. This problem can be minimized by
properly securing cable to rigid physical structures
during antenna system installation.

Most prevalent in the “RG’’ series cables (RG-8,
RG-213, RG-b8, etc.) and should be carefully con-
sidered by hams who are concerned with feedline
performance.

environmental resistance

The life of a coaxial cable depends on many factors
other than the materials used in manufacture. The
following factors all contribute to cable failure.

UV exposure. Polyethylene-jacketed cabie has twice
the life expectancy when exposed to direct sunlight
as cable manufactured with PVC (Polyvinyl chloride)
jackets.

Humidity. All cables experience vapor transmission
through their plastic jackets. In Amateur applications
it is advisable to install cable where it will not lie in
or pass through an area where standing or running
water is present.

Salt-water immersion. The electrical characteristics
of cable will be rapidly affected if the conductors are
exposed to salt water. If you live near a large body
of salt water inspect your coax reguiarly for salt build-
up. If your cable should become immersed, try to test
the cable with a TDR (time-domain reflectometer) or
find someone who can “‘sweep it’’ over the frequency
range that your antenna system operates.

Underground burial and galvanic action. If you are
going to install antenna cable underground, use ar-
mored/waterproof coaxial cable or regular “RG" cable
installed in conduit or similar protective pipe or tubing.

selection guide

For the Amateur interested in communications
through 50-MHz, RG-58 and RG-69 are prudent and
inexpensive choices, though their power handling

(RG-58)
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fig. 7. Repetitive flexure of RG-58 cable increases its
attenuation characteristics.

capability is limited to 250 watts for RG-58 and 450
watts for RG-59.

A station designed to operate through 148 MHz
should incorporate RG-8 or RG-213 coaxial cable. Un-
fortunately, the 3-dB roll-off point is just below 200
MHz. 220-MHz operation is possible, but 50 percent
of transmitted power will be lost in a typical 100 foot
run.

Many exotic transmission lines are available for 220
MHz and above. Flexible foam dielectric cable (FM-8
or FM-11, similar to RG-8 and RG-11) is useful up to
450 MHz but very susceptible to moisture penetration.

Flexible low loss cables are manufactured with
braids of flat strips of silverplated copper. This helps
to lower the VSWR and reduce attenuation above 1
GHz. Type SF-226, for example, is good through 10
GHz and its outside diameter is not much larger than
that of RG-8.

For operation above 10 GHz | suggest using cor-
rugated tubular aluminum with foam teflon dielectric,
which is available in 3/8-inch OD for operation through
15 GHz. This cable is similar in appearance to the “BX"
type of electrical conduit. The bend radius of this cable
is 2.0 inches — an important fact to remember during
installation.

The most popular coaxial cable among microwave
enthusiasts is "hardline’’ or semi-flexible foam dielec-
tric cable. It is available in various ODs, but for
coverage through 22 GHz 1/4-inch OD is your best
choice. Although this cable is quite expensive, CATV
companies will occasionaly discard it because of minor
imperfections or oxidation on the outer jacket. This
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KPA51 WATT70CMATVTRANSMITTERBOARD

& APPLICATIONS: Cordless portable TV camera 'or races & other public service
events, remote VCR, etc. Remote control of R/C airplanes or robots. Show home

video lapes, computer programs, repeatl SSTV to local ATVers DX depends on
antennas and terrain typ, 1 1o 40 miles

FULL COLOR VIDEO & SOUND on one small 325x4" board

RUNS ON EXTERNAL 13.8 VDC at 300 ma supply or battery

TUNED WITH ONE CRYSTAL on 42625 434.0, or 439 25 mHz

2 AUDIO INPUTS lor a low £ dynamic and line level audio inpul found in most

portable color cameras. VCRs. or home computers

. & 8 »

® APPLICATION NOTES & schematic supplied for typical external connechions.
packaging, and system operation

® PRICE ONLY $159 deliverad via UPS surface in the USA Techmcian class
amateur license or highar required for purchase and operation

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? A TV sel witha
TWVC-2 or TVC-4 420-450 mHz 1o channel 3 downconverter, 70 cm anteénna, and coax
cable to receive Package up the KPAS, add 12 to 14 vdc, antenna, and any TV
camera, VCR, or computer with a composite video output Simple, eh?

CALL OR WRITE FOR OUR COMPLETE CATALOG & more info on aty
downconverters, antennas, cameras, etc, or who is on in your area

TERMS: Visa, Mastercard, or cash only UPS COD by telephone or mail Telephone
orders 8 postal MO usually shipped wilthin 2 days. all other checks musi clear L
shipment Transmitting equipment sold only to licensed amateurs verilied in 1984
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Tom WEORG Maryann WBBYSS Arcadia CA 91006
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discarded cable is suitable for Amateur service. The
only real problem with its use and installation is the
proper attachment of connectors; this task should be
farmed out to your local Amateur microwave expert
or to your local cable connector technician!

For use above 22 GHz, tubular copper telfon dielec-
tric cable has no radiation loss except at the connec-
tor interface. An example is CL-50087T, which is good
through 60 GHz. Difficult to work with and very ex-
pensive, this type of cable is used in military avionics.

conclusion

Considering the many electrical and physical charac-
teristics that must be analyzed, selection of RF coax-
ial cable is really quite complicated. Knowing these
parameters is important when attempting to design a
communications system for optimum performance.

I am willing to provide additional information on
cable, connectors, and installation procedures. Please
send requests to my home address, which appears at
the beginning of this article. (Please be sure to enclose
a legal-size SASE with 3 first-class stamps or IRCs;
only inquiries with SASEs can be answered.)
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balun chop suey

A collection of

odds and ends

on 1:1 transmission-
line baluns

In San Francisco’'s famous Chinatown, | learned
a secret: the words ““chop suey” mean "‘odds and
ends,” which is apparently what that familiar Chinese
dish is compased of. This article, a collection of odds
and ends about 1:1 transmission-line baluns, is based
on comments and questions | have been asked as a
result of my previous balun articles. None of the in-
dividual comments is long enough to warrant separate
articles — hence the peculiar title. These odds and
ends also refer to balun articles presented by other
writers. | hope this discussion will interest balun users
and designers alike.

introduction

First, to establish a frame of reference, | plan to
discuss transmission-line baluns with input-output im-
pedance ratios of 1:1. The transmission line is wound
into an inductance, usually on a ferrite form, either
a rod or a toroid.

A balun serves two purposes: first, to provide equal
and opposite voltages to a balanced load, and second,
to provide isolation between the coax outer conductor
and the half of the balanced antenna connected to the
outer conductor. Because the second is the more dif-
ficult problem, | will limit my discussion to it.

The isolation requirement of a balun has been well
defined qualitatively by Walter Maxwell, W2DU.'

A toroidal core with a super-toroid winding. This core is
wound with clothesline for photographic purposes.

Maxwell's article was the first to describe, in the
Amateur literature, the concept of separate currents
flowing on the inside and outside of the outer con-
ductor, representing the signal current and unbalanc-
ed currents, respectively. | have found this concept
helpful in describing the isolation function of a balun,
both in a previous article? and in this one. | will ex-
pand on Maxwell's comments by giving some numbers
to specify isolation quantitatively.

isolation

The isolation function of a balun is to provide a high
impedance between the outside of the outer conduc-
tor, and that half of the dipole antenna connected to
the outer conductor, without affecting the current
flowing on the inside of the outer conductor to its half
of the dipole. Very little appears to have been pub-
lished, at least in the Amateur literature, either quan-
titatively or qualitatively, on the isolation property of
a balun.

Briefly, isolation is necessary to ensure that the
signal current flowing on the inside of the outer con-
ductor flows into the antenna, not back down the out-
side of the outer conductor to ground. Lack of suffi-
cient isolation is one reason antenna currents become
unbalanced.

By John J. Nagle, K4KJ, 12330 Lawyers Road,
Herndon, Virginia 22071
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In its simplest terms, the situation can be considered
as a circuit problem. To ensure that the transmission-
line current flows into the antenna and not back down
the outside of the outer conductor, the impedance
provided by the path down the outside of the outer
conductor should be many times that of one-half the
dipole antenna. For example, if the impedance of the
dipole antenna is assumed to be 70 ohms, the im-
pedance of one-half the dipole will be 35 ohms. By
making the impedance of the balun to these ““outside”
currents 10 times this impedance, or 3560 ohms in this
case, at least 90 percent of the transmission-line cur-
rent will flow into the antenna and less than 10 per-
cent back down the outside of the coax.

A balun impedance of five times the load impedance
(as used above) is an arbitrary figure, although | feel
it should be adequate for a general-purpose balun. For
a precision balun, one might prefer an isolation of, say,
10 or more times the impedance presented by one-
half the total load. In a transmission-line balun, the
isolation is provided by the inductive reactance of the
winding. The isolation actually provided by a given
balun can be determined by measuring the inductive
reactance as described in reference 2.

Assuming a linear inductor, as long as the operating
frequency is well below the self-resonant frequency
of the inductor, the inductive reactance will be directly
proportional to frequency. Therefore, there will be a
frequency below which the inductive reactance will not
be sufficient to provide the required isolation between
the antenna and the coax feedline. This determines
the low frequency limit of the balun.

The maximum usable frequency of a balun is limited
by the stray capacitance across the winding. As the
operating frequency increases, a frequency will be
reached where the stray capacitance across the balun
resonates with the inductance of the winding so that
the winding is in parallel resonance. At this frequency
the impedance of the balun, and hence its isolation,
is the maximum it will be, so that this is a desirable
frequency at which to operate. As the operating fre-
quency is further increased, the reactance of the balun
becomes capacitive and decreases with frequency until
the balun becomes series-resonant. At this frequency
the balun impedance is very low and the balun pro-
vides virtually no isolation at all. The upper useful fre-
guency limit of the balun is usually between the parallet
and series resonant frequencies. The actual frequen-
cies are a function of the construction techniques, the
object being to maximize the inductance and minimize
the stray capacitance across the winding. {This pro-
blem is a subject in itself.)

Fig. 1 shows the inductive reactance versus fre-

quency of a typical transmission-line balun. From a

graph such as this, the useful frequency range of the
balun can be easily determined for any value of load

INDUCTIVE
L'APAC/TIVE\

REACTANCE (OHMS)

USABLE RANGE

Y L 1 L
5 67 10 20 30 90

FREQUENCY (MHz)

fig. 1. A typical balun reactance versus frequency
characteristic. lsolation is at least five times the
characteristic impedance from 2.5 MHz to above 40 MHz.
{From reference 2.)

impedance. The assumed isolation impedance of five
times the load impedance, based on VSWR considera-
tions, has been arrived at by others.

To put the isolation property of a balun on a sound
technical basis from the user’s point of view, | believe
balun manufacturers should specify the minimum ratio
of the balun winding impedance to the characteristic
impedance over the specified frequency range.

testing core saturation

The methods used for testing a balun for core
saturation are simple; one method is to wrap a few
turns of insulated wire around the balun, as shown
in fig. 2, and then connect this winding to an
oscilloscope to observe the waveform. Gradually in-
crease the output power of the transmitter until a
distorted waveform appears. Then back off the power
until the waveform again becomes sinusoidal. This
represents the maximum peak power a given balun can
handle.

A more sensitive version of this method involves
connecting the test winding to a spectrum analyzer,
instead of an oscilloscope, and measuring the ampli-
tude of the various harmonics. Care must be taken
here, however, to make certain the harmonics meas-
ured are generated by the balun and not by the
transmitter.

An even more sensitive test is to use the RF equiva-
lent of the two-tone test used to measure intermodula-
tion distortion on high-fidelity audio equipment or
receiver front-ends. Here two transmitters operating
on slightly different frequencies are connected to the
balun (and a dummy load) through a dipiexer. This test
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fig. 2. Circuit for core saturation test.

was proposed by Rich Rosen, K2RR, editor-in-chief
of ham radio; | have not tried it myself.

If saturation is present, it can be corrected by in-
creasing the number of turns, or by using a larger core
(cross section), or both.

Increasing the number of turns will also have the
effect of improving the performance of the balun at
the low end of the frequency range. It will also lower
the high-frequency end of the range by reducing the
self-resonant frequency of the winding.

If the existing winding efficiently uses the available
winding area, it will be necessary to increase the size
of the core to accommodate the additional turns uniess
it is possible to use smaller wire. However, in a trans-
mission-line balun the wire size may be dictated by the
desired (or required) characteristic impedance of the
winding; the wire diameter and spacing — being par-
ameters — determine the characteristic impedance of
the winding.

While the equipment needed and the procedures are
relatively simple, the practical problems of testing
baluns can be substantial. First, it takes a high-power
transmitter and a high-power, preferably balanced,
dummy load. Most Amateurs, however, will probably
use an unbalanced load because this type is the most
readily available. Care must be taken that the load case
is well insulated from ground because the case will be
at one-half the unbalanced line voltage when used as
a balanced load.

The transmitter must be capable of providing the
highest power level at which the balun is expected to
operate. The balanced dummy load, of course, must
be capable of dissipating this amount of power.

A more convenient load, at least if you are testing
the balun for your own use, is to use the regular station
antenna. {Choose a time when the band is dead!) The
problem here is that the balun will be high in the air,
requiring long test leads in a high-power antenna field,
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because RF can be picked up by the line and result
in inaccurrate measurements.

transformers or inductors?

One of the principal sources of confusion in balun
design, construction, and use seems to be the belief
that all baluns are transformers. One well-respected
writer recently stated “It is important to recognize that
a4:1ora1:1 balun . . . is essentially a broadband
transformer.”’ If he had stopped to think about it, I'm
sure this writer would have known better. Strictly
speaking, any device or collection of components
which transforms a balanced line to an unbalanced line
can be called a transformer; in electronics the ex-
pression “‘transformer’’ is usually reserved for one par-
ticular type of device where all, or part, of the energy
passes from input to output by means of magnetic in-
duction. The usual two-winding or three-winding 1:1
transmission-line balun, however, is not a transformer
because none of the energy is transmitted from input
to output by magnetic induction. This type of balun
should not be designed, tested, or used as a trans-
former. A 1:1 transmission-line balun is an inductor
wound with a transmission line and must be designed,
tested, and used as an inductor wound with a trans-
mission line. Failure to recognize this difference in
design or application is almost certain to lead to dis-
appointment in the use.

Further complicating the situation is the fact that
a transmission-line balun can be constructed with im-
pedance transformation ratios other than 1:1, although
| have not seen this done in Amateur applications. The
common 4:1 balun is really an auto-transformer and
not a transmission line device.

A broadband transformer, on the other hand, must
be designed in accordance with well-known trans-
former equations relating the number of turns, the
peak voltage, and the allowable maximum magnetic
flux density in the core.

A second means of distinguishing between trans-
former and transmission-line baluns is that with a
transformer balun, the relationship between the load
impedance and input impedance is the turns ratio
squared. With a transmission-line balun, the load-to-
input impedance ratio is calculated using the more
complex transmission-line equation:

Zep(Z,cos 0 + jZ.p sin 6)
(Zep cOs 8 + jZ, sin 8)

Zin = (1)

There are two problems in designing transmission-
line baluns. The principal problem is designing a wide-
band inductor, i.e., an inductor whose reactance is
above a given value — usually five to ten times the
load impedance — over the desired range of frequen-
cies. The second problem is designing a suitable trans-
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mission line, with the required characteristic imped-
ance, capable of being wound on a ferrite core.

Briefly summarizing, because of the similarity in the
appearance and circuit configuration of different types
of baluns and transformers, both of which use mag-
netic cores, there is considerable confusion about their
operating characteristics. This in turn leads to improper
design and application of the devices. Before criticiz-
ing a device, one should make certain it has been
properly designed and used.

the super-toroid

The super-toroid balun design was introduced to the
Amateur community by Reisert in his article on the
two-winding transmission-line balun.® The concept of
a super-toroid, however, was developed by Tom Gross
in the early 1960's; Gross is a designer of precision
magnetic components who specializes in devices
operating at supersonic frequencies — 20 kHz to 500
kHz and up. The purpose of the super-toroid design
is to reduce the sensitivity of the conventional toroidal
coil to external magnetic fields.

Contrary to popular belief, a single-layer toroidal in-
ductor is sensitive to external magnetic fields because
of what is known as the one-turn effect. With a con-
ventional, single-layer toroid, the winding is spirally
wound around the core, as seen in fig. 3. Each turn
is composed of two winding components: one com-
ponent is aligned with the center of the toroid. The
other component is at a right angle to the radial com-
ponent and is known as the circumferential compo-
nent. These two components are emphasized in
fig. 4. The circumferential component provides the
progression of the winding around the core. If there
were no circumferential component, each turn would
lie on top of the preceding turn.

The circumferential components constitute a single-
turn loop antenna which, as is well known, has a
response to extraneous signals originating in the plane
of the toroid, as shown in fig. 5. This is known as the
“one turn”’ effect of a toroidal winding. If the winding
has more than one layer, the single-turn effect
becomes an N-turns effect, where N is the number
of layers.

The super-toroid design eliminates the one-turn
effect by winding half the turns in one direction, then
running the winding across the diameter of the core
to the opposite side and winding the other half of
the core in the opposite direction. The voltages in-
duced in the circumferential components are therefore
equal and opposite and therefore cancel. The photo
shows a core wound in this manner. The winding in
this case is clothesline rope to show up better in the
photograph.

This technique assumes that the external magnetic
field is uniform through the diameter of the core and

fig. 3. A conventionally wound balun emphasizing the
winding pitch, which causes the 1-turn effect.

the core material is homogeneous. If both these con-
ditions are not met, even more complex types of win-
dings must be used to provide isolation from external
magnetic fields.

A secondary advantage of the super-toroid design,
and one that is much more important to balun de-
signers, is the fact that the effective capacitance
across the winding is reduced, which increases the
usable bandwidth of the device.

Any inductor consists of stray capacitance as well
as inductance. In the design of an inductance, the ob-
ject, of course, is to maximize the inductance and
minimize the capacitance. As seen in fig. 6, this
capacitance consists of an infinitely large number of
incremental capacitances such as the capacitance be-
tween adjacent turns, capacitance between turns that
are not adjacent, and between the ends of coil. From
an engineering standpoint, it is not practical to
evaluate an infinite number of small capacitances.
Therefore, the “effective capacitance” of an induc-
tor is defined as that of a physical capacitor connected
across the ends of the inductor, which stores.the same
amount of energy as that stored by the incremental
capacitors.

The energy stored in a capacitor is proportional to
the product of the physical capacitance and the
voltage across the capacitor squared: Energy = /2
CV2. If the two plates of a capacitor are at the same
potential, the energy stored by the capacitor is zero
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fig. 4. A conventionally wound toroid equivalent to fig.
3 but emphasizing the 1-turn effect.

and the effectiveness of the capacitor is nil. It is,
therefore, important that the portions of an inductance
that are at the greatest potential difference have the
lowest possible physical capacitance. The ends of the
winding are at the greatest potential difference, hence
they should have the greatest separation to minimize
the physical capacitance.

A super-toroid has the ends of the windings at op-
posite ends of the core diameter, which is about as
far apart as it is possible to place them. A con-
ventionally wound balun, on the other hand, has the
ends of the windings adjacent to each other, where
they have the highest capacitance. It is, therefore, easy
to see why the super-toroid winding would have a
lower effective capacitance and hence a greater band-
width. Then why not use the super-toroid winding
exclusively?

For a two-winding balun, the super-toroid winding
is preferable. For a three-winding balun, the situation
is complicated by the tertiary interconnections be-
tween the opposite ends of the two main windings.
With a continuously wound toroid, these interconnec-
tions can be short and can have a low impedance.
With a super-toroid winding, the two leads of the ter-
tiary winding come out on opposite sides of the core,
so that both tertiary leads must cross the core. This
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greatly increases the leakage reactance between the

~main winding and the tertiary winding and will

prove detrimental to proper balun operation above 20
MHz.

Thus, even though the super-toroid winding inher-
ently gives greater bandwidth, it should not be
used for a three-winding balun. For three-winding
baluns, it is necessary to use a continuous winding
to ensure short, low impedance interconnections be-
tween the tertiary and main windings.

wide bandwidth?

Numerous ham radio readers have questioned the
desirability, or necessity, of the wide bandwidths
advertised for commercial baluns — typically 3.5 to
30 MHz, and more recently, 1.5 to 56 MHz. Are band-
widths this wide really necessary? Or desirable? The
argument is that since few, if any, Amateurs use the
same antenna for 80 through 10 meters, much less 160
through 6 meters, why insist that a balun cover a
greater, wider bandwidth than the antenna?

My own opinion is that these wide bandwidths are
unnecessay and may not be desirable. The antenna
installation for a typical Amateur active in the HF
region might be a dipole on 80/75 meters or 40 meters
plus a triband beam for 20, 15; and 10 meters. If space
permits, maybe a 6-meter beam, -too. Therefore, a
balun that gave high performance, say, from 3.5 to
10 MHz and a second balun optimized for 14 to 30
MHz could be designed to provide higher performance
at the extreme edges of these bands than a single
wideband balun covering the entire frequency range.

This has been substantiated by my own experience

. in building and measuring baluns. Wideband baluns

— 80 through 10 meters — gave marginal but ac-
ceptable performance at the low end of 80 meters and
at the high end of 10 meters. The isolation impedance
was just barely equal to five times the characteristic
impedance of the transmission line.

RESPONSE 70O
AN EXTERNAL
MAGNETIC FIELD

fig. 5. Response of the 1-turn effect of a conventionally
wound toroid caused by the circumferential components
to a magnetic field, B, parallel to the plane of the toroid.
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By adding one or two turns to the winding 1 could
dramatically improve the performance at the low end
of 80 meters, but the series resonant frequency oc-
curred in the middle of the 10-meter band. Similarly,
by removing a turn or two | could improve the isola-
tion at 10 meters, but only at the expense of the
80-meter band.

In my opinion, the bandwidth performance of
presently available baluns is limited by the following
factors:

* State-of-the-art in presently available core materials
— for example, higher permeabilities at the higher
frequencies.

® The limitations imposed on the design by having to
wind the core with a transmission line of a specified
characteristic impedance rather than a single con-
ductor as with the usual inductor.

* The need to handle an appreciable amount of
power.

The reasons commercial baluns for Amateur appli-
cations are all wideband devices may include:

* Competition: no manufacturer can afford to offer
a balun with less bandwidth than any other
manufacturer.

* Lack of published specifications concerning isola-
tion impedance, balance, and isolation make it im-
possible to tell how effective a given balun may be at
the band edges.

® Economy: it is much less expensive for manu-
facturers and distributors alike to stock a single balun
than several different “‘sizes.”’

For these reasons, | believe that if Amateurs want
high-performance baluns optimized for particular
bands, they will have to wind the balun themselves.

final comments

Physically, transmission-line baluns are very simple
devices. This simplicity often causes some of the more
subtle characteristics to be overlooked during design
or use. Recognizing these subtleties may be the big-
gest problem in designing and using baluns.
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short glrg,mts
digital HF radio

In “Digital HF Radio: A Sampling of Techniques’
(April, 1985) the author’'s name was misspelled. “'Dr.
Ulrich L. Rhode,”” as it appears on page 18, should
be corrected to read, “’Dr. Ulrich L. Rohde.”” ham radjo
regrets the error.

T\'(\o.»\ \QSS
armonic mixer

In fig. 2 of K1ZJH’s ““Harmonic Mixer for VHF
Signal Generation”” (March, 1985, page 40), T1
should be identified as a T37-6 toroid available from
Amidon Associates, Inc., 12033 Otsego Street, North
HoIIywood Callfornia 91607.

Iow ftage power supplies

In fig. 9 of the March article, *’Designing Low-Voltage
Power Supplies,’”’ Q1, Q2, and Q3 are shown incor-
rectly wired. The base leads of Q1 and Q2 should be
connected to the collector of Q3, not its base.

SALE

SAVE $2.55

READY REFERENCE

by John Markus

Digital Circuits MH-40457
Popular Circuits MH-40458
Electronics Projects MH-40459
Communications Circuits MH-40460
Special Circuits MH-40461

Each book is dedicated to one subject area .and includes references from hundreds of
hobby and professional publications. Originally appeared in Modern Electronics Circuits
Reference Manual © 1980, We find the five separate volumes easier to use than the
original. Of special interest to hams is Communications Circuits. 15 chapters include
antennas, code, receiving and transmitting circuits as well as modulator, telephone,
teleprinter and tefevision circuits. © 1982, 2nd edition.

?noftbosund ' 'Reg $12.50 each
ay Specia
Price $9-95 each

Piease enclose $3.50 shipping and handling

radlom,..., BOOKSTORE

GREENVILLE, NH (3048
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fROBOT KITS!
PIPER-MOUSE
I"'}_. .

Q"
Controlled by sound sensor and 1-Channel
electronic circuit. Use the whistle in this kit
and Piper-Mouse follows your commands

turming left or right, stopping and starting
Uses 2 AA and 1 9V battery (not included)

MV-915 $44.95
RIBBON CABLE

>
%:ﬁ - A

| $INGLE cOLOR | COLDR CODED

coNTaets | 11 | 10 * 110"
45 | 430 . 7.20
50 | 410 810
80 | 560 | 115 | 10.90
70 | 50| 12z | 1160
70 | 850 | 121 | 1150
|93 | 880 1440
127 | 1150 | 8z [ 1670 |
128 1200 | 240 2180

RESISTORS

| Y& WATT 5% CARBON FILM
ALL STANDARD VALUES
FROM 1 OHM-10MEG OHM

> Checkmate
(_§ Technology,
* Inc.

| APPLE Ile Special

Extended 80-Col.
VIDEO CARD

* 64K to 128K *

MULTIVIEW 80/160 249,00

B0-160 columns with any monitor!

® Screens: 80x24, BOx32, 8B0x48,
968x24, 132x24, 132x30, 160x24

® On-acrean BOLD and Underline

o Reverse scrolling

® Easy-to-read Wide-angle mode

» Apple Il and lle compatible

® Prompt lines

® Upper & lowercase letters

AR I

APPLE & IBM
ACCESSORIES

B0 Column Apple lI+ ...
80 Column Apple IIE ...
ZB0 Apple I+
Z80 Apple IIE

149.85
119.85
89.00

Cooling Fan
Power Supply
Joystick

RF Modulator
Disk Drive
Controller Card
Paddloa

APPLE or IBM JOYSTICK

$29.%

Compatible for either:
APPLE 1l and APPLE lle
OR
IBM-PC, JR., & IBM-XT
MULTIFUNCTlON CAHD

'."ﬁ“rﬂ“
' o P

S INMICRD ©

VIEWMAX-80 149.“

BO-Column card for Apple || series

e Video Soft Switch

® |nverse Video

@ VIDEX's Videoterm compatible
N

VIEWMAX-80e 119,95

B0-Column extended video card for
Apple lle

e 84K RAM, expandable to 128K

# Double High-resolution circuit

® Compatible with Pascal & CP/M

PRINTMAX 59.95
Parallel printercard, Apple |l series
# Centronics compatible

e Variable print widths

# Up to 5000 characters/second

APPLE & IBM Compatible
DISK DRIVES

169.%

& Shugart mechanism. made n U S A
® Drectly replaces Apple Dhsk i

Controlier
ntrallers

® Fully compatible with Apple
or other Apple compatible ¢

® One Year Warranty

FULL or Y2-Height

16K RAM Card -Apple I+
® 2-Year Warranty

e [ e o i :
i e s f . NP !

® 64K 1o 384K RAM
® Panliel Port
® Serlal Port

® Clock Calendar

$249.95
MEMORY CARD

® Expandabie 10 512K

@ Fully compatible with |BM software

© Fully compatible w/IBM dlagnostic utilities
® Serial Port Available

® |-Year Warranly

$199.95

- MEMORY
EXPANSION KIT

4164 200ns
9 for $19.98

DISKETTES
51/a”
ATHANA: (i fine
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DS/DD...... 3475 or 1.39 ea.
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NO LABEL:( ‘i ke
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Paullin Industries QIK'PROW 1-800-821-7384

Ashland, Ohio 44805

© Dale W, Paullin
8184

Ohio (419) 289-2228

QUICK WEATHER PROTECTION PRODUCTS & ANTENNA ACCESSORIES

s

SEE US AT THE DAYTON HAMVENTION

Use covers with “Flo Thru" air vents for humidity control.

Acluator Bools

with “Flo Thru" ar
vents
Pat Vet

QIK-LIMIT

Umiversal Limit
Swilch

QIK-ALIGN
Feed Horn
Alignment Tool

Far Paniting

» 1M

PRODUCT & DESCRIPTION MODEL
vant vonl wanl,
QIK-ON { J (White)
- i Wl LNAS
:::rolm. : ; Pl ’ . LNA A
3 %-” . ) N LNA.DCB
Wire Terminal \ \ H R\ LNA-DCP
and also LNA-S - " LNA-A LNA-DCB LNA-DCI CATGH
Down Converter A UV resistant rubber bool designed to cover the ""'-"’r"\ ke
Weather Bools polarotor-LNA and terminals and also seals light coof ) \ Wwiupu»r)
h*“Flo Thru" & enough 10 keep oul bees, birds or hornets. Venled 1o P\ ] |
wit 1o thiu’ air relieve condensation  The exclusive QIK-PRO pleated LN W) /-' (Black)
"_"””‘ for humidity end is lor easy Installation and tight seal (lock band f £ g findiie s § 1
control included). The boot hides equipment and improves S0l
bhiodtasied overall looks No signal loss LNA.DCP
QIK-MOUNT o vant o *Accep!s most Down Convertars
(Universal) HI 1 A als d i
Down Converter o '
Plate & Boot | T g plate 15 rubber covered
with “Flo Thru" | 4| ope metal ang a hght sealing rubber cover
air vents L“-‘( Wz Will wWire il
— I — T R TR
QIK-COVER Channel Masier |_r A UV resistant rubber cover that has the exclusive
Motor Boots ‘;."ﬁm* a“‘;"ﬁ QIK PRO eng that allows the boot to put on | (Black
with “Flo Thru" intersat u‘r Jickly and tightly seal on the drive umt Rubber | MB
air vents Gentek Basic S ps an Bottom for wire evit Lotk band included | MBO
by r
Pat Pandng 7
mtﬂ van vent vent | |
—J AATE o Reqular
UGIEE C =l YY1 S00000F | o
. ol | 1T vem "
wen | | | ‘
QIK-FPRO Regular with “Limit Switeh”  BASANAAAN  1.1'% 7 Actualors

| —— —
Ter
Freight UPS, COD, FOB

Yoot Basic System

A solt, pliable UV resistant expandable weather bool thal covers the | 54
small end of the actuator protecting it from ice, rain, sall water, or dust 60
Withstands high heatl and very low lemperatures. (2 lock lies included ) §
For drives using limit switch designate “limit swilch™ {same price) 18 Smal

w -
- e j s Universal it swilches mounted i
= ‘ — = an insulated bracket that clamps on | Boxed

il standard aciumors quickly  (DC
QUICK & ACCURATE AL ] hagrarm 4

e ]

MOST ACCURATE FEEDHORN ALIGNMENT TOOL MAD

iy

al local distance & pouit at center of dish in one sasy salling

m; (Eash_ Certitied check, Money order, Money transler Prices elfective 6.1.84
Paullin Industries. 1446 State Ries 60, Ashland, Ohio 44805

GEM-QUAD FIBRE-GLASS

ANTENNA FOR 10, 15, and 20 METERS

Two Elements  $235.00
Extra Elements $164.00
Price is F.O.B. Transcona
INCLUDES U.S. Customs
Duty

KIT COMPLETE WITH
*SPIDER

*ARMS

*WIRE

*BALUN KIT
*BOOM WHERE
NEEDED

WINNER OF MANITOBA
DESIGN INSTITUTE
AWARD OF EXCELLENCE
Buy two elements now — a third and fourth

may be added later with little effort.

Enjoy up to 8 db forward gain on DX, with @
25 db back 1o front ratio and excellent side
discrimination.

Ask for our new 2m Quad Kit when vou order
vour Gem Quad. It's FREE for the asking!

Ger maximum structural strength with low
weight, using our “‘Tridetic'" arms. Please in-
quire directly to:

GEM QUAD PRODUCTS LTD.
Box 53
Transcona Manitoba
Canada R2C 2Z5
Tel. (204) 866-3338

Desiﬁn'i_r:g and developing new products for growing industries.

Price Slashed on 2nd OP

You can either buy one or buy both and save.
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UHF POWER AMP
AM-6155/GRT (ITT 3212) 225-400 Mhz RF amp,
S50W output from 4-10W
input using Eimac
X651Z; silver-plated
cavity in removable
drawer. Requires 115/
230 VAC & 20 vDC
Tx19%:x 18", 75 Ibs
sh. Used-nol lested, excellent condition: $159.50

AM-6154/GRT VHF POWER AMP, same as AM-6155
except coves 116-149.95 MHz range; used-not
tested, §209.50

CU-872 HF ANTENNA COUPLER for upto eight 2-32
MHz receivers; 70 ohm output, N connections, test
meter, and 20/6922 tubes. 7=9x=16.5, 40 Ibs sh
Used, $49.50

Prices F.0.B. Lima, 0. = VISA, MASTERCARD Acca !
Allow for Shipping * Send for New FREE CATALOG '83
Address Dept. HR « Phone: 419/227-6573

FAIR RADIO SALES

1016 E. EUREKA - Box 1105 « LIMA, OHIO + 45802

v 172

Custom Mailing Lists on Labels!
Amateur Radio Operator NAMES
Custom lists compiled to your specilications

* Geographic by ZIP and/or State

* By License Issue or Expiration Date

Sell shick 1x3 labels
Total List 453,000 Price: $25/ Thousand
Buckmaster Publishing .- 173

Whitehall

\ Mineral VA2INITUS A

703) 894 5777




tilt-over conversion

of a
fixed antenna tower

Don't like climbing?
Try this.

Since 1973 | have been the proud owner of a self-
supporting triangular steel lattice antenna tower. But
because I'm afraid of heights, climbing this tower is
out of the question. Changing antennas means en-
gaging helpers, and even then it's not easy because
the mast has an additional 10-foot (3 meter) long tube
on top, making the rotator and antennas almost
inaccessible.

It took a long time before | realized how | could con-
vert my mast to a tilt-over. The 40-foot (12 meter)
tower consists of two sections, each 20 feet (6 meters)
long. (With the 10-foot, 3 meter tube on top, the total
height comes to 50 feet, or 15 meters.) As shown in
fig. 1 the two sections are connected by three flanges
with three bolts each; this division appeared to be the
logical place for a hinge that would permit the upper
section to pivot and be lowered to ground level.

The next problem to be solved was how to effect
the tilt-over action by means of a winch and hoist line.

Sketches of the parts constructed by PABDON are available from the
author. Send a large self-addressed envelope; enclose three |1RCs

Vi

fig. 1. The tower before conversion. Hinge plates will be at-
tached between the flanges connecting the upper and lower
part of the tower.

By Dick Rollema, PABSE, v.d. Marckstraat 5,
2352 RA Leiderdorp, Netherlands

May 1985 126



SPACESTT] TULSA SHOW %51

(JAARRA
ALLLLLE

:
K
|

MULESAICONVENTIONLCENTER!
MULSANOKLIAHOMA!
JUN E$211:22:23'81985

YoinithelThousandsjoflOthersHeresTolSee!
thelEantasticiWorldfoflSatellite§ VRO

eR700/BoothsIDisplaying]lfatest
Equipment{iork85!

ER300[OperatingfSatellite]
VAAntennas!|

SllintensivelSeminardRrogramming!




fig. 2. The initial plan for the tilt-over conversion was
dropped because forces in outriggers AB and AC and
the hoist line would be excessive.

x‘

i
T

fig. 3. The final design: gin pole BE is 20 feet (6 meters)
long. At C the gin pole is fastened to the lower hinge
plate. The highest bending moment occurs at A.

| first thought of using a method such as the one
shown in fig. 2, similar to the cranes used by building
contractors. But with the tower positioned immediate-
ly behind our house, outriggers AB and AC would
have to be short enough to clear the structure. This
would lead to high tension in the hoist line and cause
too much stress on the overall system. So the idea
was dropped.

The breakthrough occurred when 1 visited PAOWCW,
who has a similar tower that had been converted into
a tilt-over. PAQWCW used two adjacent gin poles per-
manently fixed to the tower. A pulley is mounted on
top of each pole. Two hoist lines in parallel run from
the winch over the pulleys to a point halfway up the
upper section of the mast.

My final design is shown in fig. 3. Here a single gin
pole (BE) is fixed to the tower at the lower end £ and
in the middle at C. A few calculation§ showed that
bending moment at C is so large that no pipe of ac-
ceptable size could endure this stress, so two stays
designed to bear most of the load were introduced.

These are fastened to the gin pole at both ends and
pushed away from the middle of the pole by a trian-
gular outrigger. Figure 4 shows the finished system.

calculation is a must

Before working out a project such as this, it is ab-
solutely essential to determine the forces exerted on
the different parts. Calculating stresses in mechanical
construction projects is definitely not part of my daily
routine, but after consulting some textbooks — and
with some professional advice from PAOTO — |
managed to do the job. It was not very difficult after
all. I quickly discovered that the most critical point is
at A in fig. 3 where the pipe top mast leaves the tower.
The bending moment here should not exceed a certain
maximum value set by the resistance moment and the
tensile strength of the material.

My starting point is a pipe mast of 2-inch (50.8 mm)
inner diameter with a resistance moment of 0.63
inches® (10.26 cm?) that protrudes 10 feet (3 meters)
out from the lattice mast. From a maximum admissible

May 1985 [ 127



fig. 4. The completed structure.

stress of 23,205 pounds/inch? (160 N/mm?) it follows
that the maximum admissible lateral force at the top
of the pipe is 123 pounds (547 N). This is the maxi-
mum wind load on antenna plus rotator, if we neglect
the wind load on the pipe itself for just a moment.

A second limitation occurs when the mast has been
tilted to a horizontal position. Again at A, a bending
moment occurs as the result of the gravitational force
on the top mast, rotator, and antenna. Taking into
account the mass of the top mast itself, we find a max-
imum admissible mass of about 99 pounds (45 kg) for
the rotator plus antenna. With these numbers, the
forces in the different parts of the system can be com-
puted. Rather than bore you with the results, only the
maximum force in the hoist line will be mentioned:
almost 1,034 pounds (4,600 NJ, which represents the
static load. During tilting of the tower, shocks can
easily occur that considerably increase the force in the
line.

construction

As already mentioned, a hinge has been installed
at the 20-foot (6 meter) level where the lower and
upper parts of the tower are joined by flanges. The
flanges are bolted to steel plates that carry the hinge
at one edge.
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fig. 5. Lower hinge plate, made of 23/64-inch (3-mm) thick
steel. The triangular outrigger is fabricated of 1-inch
(26 mm) diameter steel tubing. The angle iron bracket secures
the gin pole that is held in place in the half circular cutout.
The central hole helps reduce the weight (64 pounds/29 kg).

fig. 6. Upper hinge plate, made of 23/64-inch (9-mm) steel.
The four bolts, welded on. keep the hinge plates together
when the tower is upright. (Weight: 50 pounds/22.5 kg).

Figure 5 shows the lower plate and fig. 6 the upper.
The hinge is fabricated from a piece of 2-inch
(50.8 mm) steel tube sawed into four parts. These
were welded, two by two, to both plates. Extra
strength was provided by welding strips of steel to
both pipe and plates, as can be seen in fig. 6. The
hinge pivots around a 1-inch (25-mm) diameter shaft
with bushings at both ends. One is permanently fixed
to the shaft; the other is fitted after mounting and
secured by a bolt and nut that traverse the shaft and
bushing.

In the resting position, the two hinge plates are held
together by four 25/32-inch (20-mm) bolts that have
been welded to the upper plate and pass through
oblong holes in the lower plate. Pieces of tubing are
welded around these holes to keep the plates at the
proper distance.

Before tilting the tower, the four nuts must be re-
moved from the bolts on the bottom side of the lower
plate.

In my original design one plate lay directly on top
of the other without any distance in between. To pre-



fig. 7. Tower in vertical position. The stainless-steel tubes that
guide the stays through the outrigger can be seen at right.

vent the bolt heads in the upper and lower plates from
interfering with each other, the upper part of the tower
was rotated 60 degrees with respect to the lower part.
This allowed the bolt heads of one plate to fall direct-
ly into holes drilled in the opposite plate. That
60-degree rotation has been maintained, though it is
not necessary in the present construction. But while
it presents neither advantage nor disadvantage, it does
lead to an optical illusion: from whatever side the
tower is viewed, it always seems that the center lines
of the upper and lower part do not coincide.

The tower is hinged so that the top mast can be
reached from the roof of the barn in the back of our
garden, so it is easy to work on rotator or antenna.
Figure 7 shows the tower and hinge in its normal posi-
tion. Figure 8 shows it tilted over about 90 degrees.

The gin pole is a seamless steel tube 20 feet (6
meters) long and 2.5 inches (60.3 mm) outer diameter;
its inner diameter is 2 inches (53 mm). The lower end
is supported by the parts shown in the lower section
of fig. 9. Figure 10 shows the lower end in position
on the tower.

The legs of the tower have a wall thickness of only
1/16 inch (1.5 mm). To spread the forces exerted by
the U-bolts, my friend PAGDON fitted half-cylinder-
shaped shells between the U-bolts and the tower legs.
On the angle-iron bracket, a piece of tubing was weld-
ed over which the gin pole was placed. After moun-
ting, a hole was drilled for a long bolt that pierces the
gin pole and prevents turning.

On top of the gin pole a pulley was mounted by
means of the method shown in figs. 11 and 12. As
shown, precautions have been taken above and be-
hind the pulley to prevent the hoist line from running
off. The pulley, made of Novotex,™ has an outer
diameter of 4.7 inches (120 mm). It rotates around a
piece of steel tubing of 1.3 inches (32 mm) diameter.
The steel strips that hold the pulley on top of the gin

fig. 9. The parts that connect the hoist line to the upper tower
section are shown above; the support for the gin pole is
shown below.

pole also carry bolts for the stays. At the lower end
the stays are connected with stainless steel turn-
buckles with a breaking strength of 4,271 pounds
(19,000 N). The lower hinge plate carries a triangular
outrigger that keeps the stays at the proper distance
from the middle of the gin pole (fig. 7). To prevent
chafing, stainless steel tubes have been inserted in the
outrigger that guides the stays. A nylon bushing in-
side the tubes provides extra protection.

Stays and hoist line consist of stranded stainless
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fig. 10. The lower end of gin pole, with stays.

steel cable measuring 0.2 inch (5 mm) in diameter and
having a breaking strength of 3,147 pounds (14,000
N). The hoist line ends in a winch with a capacity of
1,200 pounds (5,338 N) and a reduction of 4.1:1. (If
| were to build this system again | would select a larger
reduction). The tower rests on a concrete block, and
the winch is fitted to this block by three ‘‘chemical”’
anchors measuring 0.31 inch (8 mm) (fig. 13). The
upper end of the hoist line ends halfway up the top
section of the tower. A bracket of angle iron is shown
in the upper half of fig. 9. This bracket is mounted
to the tower legs with U-bolts, and half-cylinder shells
are installed to distribute the pressure more evenly.
The hole in the bracket is for a 0.625-inch (16 mm)
bolt. (The hoist line is fitted to this bolt with parts pur-
chased at a marine shop; | am, unfortunately, unable
to translate their names into English.)

The hinge plates and all parts visible in figs. 9 and
11 have been treated with zinc epoxy followed by two
coats of aluminum paint. The gin pole, galvanized by
the manufacturer, was given a coat of rust-preventive
primer and two coats of aluminum paint. Although the
tower was also galvanized, some traces of rust were
visible at the upper end, so the whole thing was also
treated with rust-preventer and aluminum paint.

fig. 12. Pulley in position.
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fig. 13. The winch is fastened to the concrete block that serves
as base for the tower. Concrete block is concealed under a
wooden cover for aesthetic purposes.

assembly

The first phase of the operation took place in early
December, 1983, when the temperature was just
below freezing. Our object was to take down the upper
part of the tower, the top tube mast, the rotator, and
the 2-meter beam. The gin pole was fitted temporari-
ly to the tower. Because the hinge plates were not yet
in place, the gin pole was tied to the upper end of the
lower section with rope. The hoist line was also fitted.
Using the winch, we gently lowered the upper part
of the tower to ground. Now the holes in the flanges
could be transferred to a template to be used later in
drilling the holes in the hinge plates.

fig. 14, High level work: Jos (PA3ACJ) and SWLs Bert and Ed.

Final assembly and rigging of the tilt-over conversion
occurred in mid-May, 1984, under more favorable
weather conditions. Everything fit exactly, and it was
a real pleasure to see the converted tower come
together step by step (fig. 14).

acknowledgement

My sincere thanks to Ber van Dongeren, PAQDON,
for his superb realization of my design. No operation
like this can be performed without helpers: Piet de
Bondt, PA3BGP; Jos Disselhorst, PA3ACJ; Ton
Verberne, PA2ABV; Ben van Capel, PETKCG; Gerrit
van Zwam, PET1KAX, and SWLs Jo Chin-Chan-Sen,
Bert Kraan and Ed Wassenburg helped disassemble
the original tower and erect the new one.

ham radio

Invitation to Authors
ham radio welcomes manuscripts from authors all
around the world. If you have an idea for an article
you'd like to have considered for publication, send for
a free copy of the ham radio Author's Guide. Address
your request to ham radio, Greenville, New Hampshire
03048 (SASE appreciated).
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FOX TANGQO nol anly will meat ar beat any currently
advertised price lor comparable units, bul also of
fers gquantity discounts Order with conlidence
are guaranteed lor ONE YEAR Why not
check us oul over the air? You'll learn that FOX
TANGO filters are best

GO FOXTANGO — TO BE SURE!

FOX-TANGO Corp.
P.O. Box 15944, Dept. H
W. Palm Beach, FL 33416
Telephone: (305) 683-9587

our llers
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SATELLITE TELEVISION RECEIVER
SEMIKIT

-y

with dual conversion downconverter

FEATURES:
¢ Infrared remote control tuning
AFC, SAW filter
* RF or video output
* Stereo output
e Polorator controls
* LED channel & tuning indicators
Install six factory assembled circuit boards to
complete.

Completed receiver and downconverter

JAMES WALTER SATELLITE RECEIVER

SEMIKIT $400.00
Completed downconverter add 100.00

add 150.00

2697 Nickel, San Pablo, CA 94806 «~ 182 Tel. 415-724-0587

* Hy Gain 40-Channel Board
= 40-Channel Switch

+ Volume & Squelch Control
* FM Detector Module

* Full Instructions Included

$ Add §2.00 BOARD ONL ¥
- shipping & handling S56.95

CB-10 FM SPECIAL

ORP TRANSCEIVER SET —$34.95

VHF CONVERTER SET — $24.95

Add §2.00 For Shipping & Handling — Send For FREE Brochure

SEND$200 FORFULL MANUAL WITH CIRCUIT DIAGRAMS
MANY OTHER MODULES AVAILABLE

MORNING DISTRIBUTING CO.

P.O. BOX 717, HIALEAH, FLA. 33011

(305) BB4-B686 w183
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Join AMSAT...Today

Amateur Radio Satellite OSCAR 10
provides:

* A New Worldwide DX Ham Band
open 10 hours a day.

* Rag Chew With Rare DX Stations
in an uncrowded, gentlemanly fashion.

¢ Popular Modes In Use:
SSB, CW, RTTY, SSTV, Packet

* Full Operating Privileges
open to Technician Class
licensee or higher.

Other AMSAT Membership Benefits:

ORBIT Magazine Subscription:
Dependable technical articles, satellite news,
orbital elements, product reviews, DX news,
and more.

Satellite Tracking Software
Available for most popular PCs.

QSL Bureau, AMSAT Nets, Area Coordinator
Support, Forum Talks

Construction of Future Satellites For Your
Enjoyment!

AMSAT Membership is $24 a year, $26 out-
side North America. VISA and MC accepted.

AMSAT
P.O. Box 27
Washington, DC 20044

301 589-6062




John J Meshna Jr, Inc.

P. O. Box 62 19 Allerton St. E. Lynn, Ma. 01904 Tel: (617) 595-2275

Dual 8" F. D. D. Case by SMS w/ POWER ONE Power Supply & Cooling Fans

We were very fortunate to find these beautifully designed & constructed rack
mount disc drive cases in the surplus field. These cases were made for Scienti-
fic Micro Systems for their FT Series of equipment. They are manufactured
from heavy guage steel w/ a cast metal designer bezel. They were designed to
house 2 8" floppy or hard drives. We offer you the case with the following
components & features: hinged cover with restraining cable for simplified ser-
vicing of the interior components, 2 muffin fans for assured cool operation,
studs for mounting the controller card listed below, and a heavy duty Power
One power supply (their model no. CP 281A). The outputs of the power sup-
ply are as follows: +5 vdc 11 amps, +24 vdc 3.5 amps, +12 vdc .25 amps, -12
vde .25 amps, & -5 vdc .25 amps. The input to the power supply is 115/230
vac 50/60 Hz. and is both filtered and fused. This assembly must have origin-
ally sold for well over $300.00 each ! Only 25 on hand, so order early or be

. left out on this super bargain ! Shpg. wt. 38 Ib. SPL-479-35 $135.00 each

Scientific Micro Systems IBM 3740 Compatible 8" FDD Controller Card

The SMS FD 0502 8" floppy disc drive controller is a complete preprogram-
med controller for single or double density recording on either single or dual
headed disc drives. It performs control functions required to transfer data be-
tween | to 4 drives and a host system, perfarms all formatting functions re-
quired to read and write data and utilizes both IBM single and double density
standards to achieve up to 630 Kilobytes of storage per disc surface. Some
features are: programmable sector size, 128, 256, 512, or 1024 bytes, jumper
selectable drive type, block transfer mode, sector buffer, overlapped head seek,
on board General Purpose Host Interface with asynchronous 19 TTL signal
lines for eight bit host system and input of only 5 vdc 6 amps. This board pro-
vides a direct interface to the following drives: Shugart 800 -2/850, Pertec
511, Memorex 550/552, MFE 751B, Qume Data Trak and similiar drives. These
boards were removed from the above cabinets which were in service prior to our
reception of them. The manufacturers price on these IBM compatible boards 1is
currently $900.00 each. These boards all appear to be in excellent condition, If
more information is needed, please call us. Shpg. wt. 3 Ib. SPL 480 $150.00

SEAGATE TECHNOLOGY ST 506 5%' HARD DRIVES
The Seagate Technology ST 506 hard disc drive utilizes proven Winchester teacnology fo
reliable storage of up to 5 megabytes of formatted data. Some features of this very popu-
lar drive are: 5 megabit/second data transfer rate, simple floppy like interface, high speed
band actuator & stepper head positioning, requires only +5 & +12 vdc, and same physical
size and mounting paramters as a mini floppy drive. This Shugart compatible drive is the
same as used on many home personal computers. Each drive is checked out prior to ship-
ment. Comes with data. Only a few on hand, so order early.
Shpg. wt. 81b. ST-506 $225.00

== IR R TEa I A= — B e T s
5%'" HARD DRIVE CONTROLLER CARD

Finally, affordable, intelligent disc drive controllers are available at low, low surplus prices. The
OMTI 20C controller boards we offer are unused, late style, surplus from a now defunct system
house. OMTI is a division of Scientific Micro Systems. These boards will handle up to (2) 5%
inch Winchester type hard drives that utilize a standard 34 pin SAST interface. Perfect for using
with the above Seagate ST 506 drive, or other hard drives from 5 m»gabytes of storage on up.
The controllers have buffered slew/seek modes, overlapped seeks, auto seek & verify, extensive
fault detection, auto head & cylinder switching, full sector buffering, 256/512 bytes/sector, 33
or 18 sectors/track (jumper selectable), programmable disc parameters and much more. The

d board runs on +5 vde & +12 vdec.. We supply users manual & pinout data. Guaranteed O. K..

Shpg. wt. 31b. OMTI 20 C $150.00 each 2/$275.00 Qty. pricing available.

5 VDC 25 AMP SWITCHING POWER SUPPLY

We just got in a small lot of ruggedly built, lightweight (4 1b.), compact
(11" x 5" x 1%4"), fully enclosed (cover removed for pic.), requlated,
switching, power supplies made by RO Industries. Input of 115/230 vac
is attached thru convenient, clearly marked screw terminals, The hefty
5 vde 25 amp output is via heavy duty, brass lugs with a Red LED sta
tus indicator. All appear to be unused and in excellent condition.

Shpg. wt. 6 1b. PS-8 $50.00
==

4 7) Q5. ; — [
Phone (617) 595-2275 to place your order by phone

Free 72 page catalogue available or send $1.00 for 1st MC, VISA or American Express charge cards accepted.
class service to P. O. Box 62 E. Lynn, Ma. 01904.
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‘ Use Your Wireless
2 Control

cgma FROM ANY ROOMIN
== - Works with most infrared

remote gontrol receivers

LIKE HAVING A SATELLITE RECEIVER, VCR,
CABLE TV, AND VIDEO DISC IN EVERY

ROOM!
A TRALINK”

s lgemotle-control satellite
AV D0 MODEL 170 X

I .
s e $7G95

uses exisling « wInng Plus $3.00
) .H r e in s shipping & handling
eocenes T 608-893-2294
DEALER INQUIRIES WELCOME
MERRIMAC rSPACE
SATELLITE =
KL_ Alsade 51 Mermmac W1 53561 - 186

CONVENTION

MAY 31-JUNE 2, 1985

DALLAS NORTHPARK INN

Exhibitor Inquiries: (214 ) 521-9430

3

WHAT'S REALLY HAPPENING
IN HOME SATELLITE TV?

SATELLITE
TELEVISION
-.MAGAZINE

A monthly of 100-plus pages, has all you
need to know about where to find equip-
ment, how it performs, how to install it,
legal viewpoint, & industry insights.

® $24.95 per yr. (12 monthly issues)
e $ 2.00 for Sample Issue

MONEY BACK GUARANTEE if not
satisfied (subsription orders only).
Keep first issue with our compliments.

If you already have a dish, then you need

OnSat

—the best in satellite TV programming.

* Weekly Updated Listings
* All Scheduled Channels
* Complete Movie Listing
* All Sports Specials

* Prime Time Highlights

® $39.00 per yr. (52 weekly issues)
® $ 1.00for Sample Copy

Visa® MasterCard® accepted (sub-
scription orders only). All prices in US
funds only. Write for foreign rates.

Send this ad along with your order to:

STV™/OnSat™
P.O. Box 2384 - Dept. PS
Shelby, NC 28151-2384

Subscription calls only
Toll Free 1-800-438-2020
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1985
“TUNE IN”" THE WORLD

l@)‘.l 8 OF SPECIALIZED
(&) )] ]

COMMUNICATIONS!

CALLBOOKS

e . '.‘\1

% Leang?

Thousands of ‘‘Ham Radlo'’ Now published '‘monthly'" 10 times ;
operators across the couniry per year, SPEC-COMu readers are kept R ‘m\‘._-_..w’\"“‘ \Q\\\ ./ /
are enjoying ‘‘Specialized up-to-date in a world of fast moving \ L st Dunied 2 N\ ,' /
Communications’'® modes. modern technology. \ .,-- :

W

Whether it's FSTV, SSTV, FAX, Why not give us a try? Back issue

OSCAR, EME, RTTY, PACKET samples are available for just $2.00 ppd.

or COMPUTERS, today's Radio (Master Article Indexes add $1.00).

Amateur is a highly skilled Special Six Month Trial Subscription

Communications Specialist! -$10.00. U.S./Canada/Mexico Annual
Subscription $20.00. (Foreign Subscrip-

Providing f{ull, in-depth tions slightly higher).
coverage of these modes is our

business and we've been do- ™
ing it now for over 19 years! SPEC"COM
% ] 2 M "
And now we're expanding! Amateur Radio Specialized
~ Communication Journal V"
lowa Residents Must ; PO BOX H

Aod 4% Sales Tax j LOWdEI"I, lowa 52255 - \L_..- %
4% Added To Al (319) 944-7669 (Membership Services)

Charge Card Orders N E W ! .III"&.‘._:;_’__,__-—-""_' =
Special North
American Edition

As an added bonus, the 1985 U.S. Callbook

SEMICONDUCTORS: P.C. BOARDS FOR MOTOROLA BULLETINS also lists the amateurs Iin Canada and Mexico!
MRF-208 12.00 MHW.-252 57 00 AN-762 14.00 ¥You get the complete and accurate U.S.
MRF-240 1840  MHW-7101 61.00 EB-27A 1400  AN-791 10.00 listings (prepared by our own editorial staff),
MRF-247 34 80 MPSH-81 50 EB-63 14.00 EB-67 14.00 all the usual up-to-date Callbook charts and
MRAF-309 33.80 MV2205 58 KEMET CHIP CAPACITORS: 56 pf, B2 pf, tables, PLUS Canada and Mexico. Now that’s
MRF-422 41.40  78LOBCP 50 100 pt, 390 pt, 470 ptf 50 ea real value!
MRF-454 20.00 2N440D1 75 680 pf, 1000 pf 55 ea The hest just got bhetter!
MRF-901 1.75 2N5190 150 5600 pf, 6800 pf, 1 .t 1.00 ea

Of course, Canadian and Mexican amateurs

SH [ a- 6.5 L 90 ea i 390 es
SBL-1 Double-Balance Mixer 650 33 uf 190 ea 68 uf 190 ea are.also listed I the 1985 Foreign Callbook.
CAMBION RF CHOKES: 15 uh, 22 uh, 33 uh, 4.7 uh, 10 uh 1.20 ea Don't delay! The great new 1985 Callbooks
BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS: AN-762. EB-27A, EB-63 were published December 1, 1984,
UNDERWOOD/SEMCO METAL-CLAD MICA CAPACITORS le}f_ IIOLI! 15pt, 25pt, 30p1 Urder vour cupies now!
40p!, 56p!, 60p!, 68pt, BOp!, 91pl. 100pt, 200pf, 250pf, 390p!, 470pf. 1000pf
We, also carry a line of VHF, UHF amplifiers and ATV equipment Each  Shipping  Totsl
Call or write for our free catalog ~ 189
. . N oU.S. Callbook $21.95 $3.05 $25.00
— Communication = = _ ievitn
VISA Conce tS Inc oForeign Callbook 20,95 3.05 24.00
— p = — Order both books at the same time for

2648 North Aragon Aye » Dayton, Ohio 45420#(513) 296-1411

$45.00 including shipping within the USA.

Order from your dealer or directly from the

ME’S THE‘ mmY? publisher. Foreign residents add $4.55 for
shipping. Illinois residents add 6% sales tax.

* Synthesized Voice P * No Receiver Mods Keep your 1985 Callbooks up to date.
DOD ler Direction T 2 2 The U.S, and Forelgn Supplements contain
FII'I tng N *Mﬁhliﬂ or Fixed all activity for the previous three months

. including new licenses. Available from the

& VHF and UHF +* 12 VDC Operation publisher in sets of three (March 1, June 1,

G il et and September 1) for only $15.00 per set
pVarage * Digital and including shipping. Specify U.S. or Forelgn
Circular Display supplements when ordering. lllinols res-

* RS232C Computer idents add 6% sales tax. Offer vold after
Interface + 90 Day Warranty November 1, 1985,

New Technology (patent pending) converts any VHF or UHF FM receiver into an RAD) ""c';wa" I I l:II:I - I( e 191

advanced Doppler shift radio direction finder. Simply Flug into receiver's antenna - Be -

and external speaker jacks. Uses four omnidirectional antennas. Low noise. high . pt.

sk £ : ; 925 Sherwood Dr,, Box 247
sensitivity for weak signal detection. Call or write for full details and prices. Lake BIuf{. 1L 60044, USA

5540 E. Charter Oak, .
d DOPPLER SYSTEMS' INC. Scottsdale, AZ 85254 (602) 998-1151 Tel: (312) 2346600 —& l'"'('j
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fleg*
market

RATES Noncommercial ads 10¢ per word,
commercial ads 60¢ per word both payable
in advance. No cash discounts or agency com-
missions affowed.

HAMFESTS Sponsored by non-profit or-
ganizations receive one free Flea Market ad
(subject to our editing) on a space available
basis only. Repeat insertions of hamfest ads
pay the non-commercial rate.

COPY No special layout or arrangements
available. Material should be typewritten or
clearly printed (not all capitals) and must in-
clude full name and address. We reserve the
right to reject unsuitable copy. Ham Radio can-
not check each advertiser and thus cannot be
held responsibie for claims made. Liability for
correctness of material limited to corrected ad
in next available issue.

DEADLINE 15th of second preceding
month.

SEND MATERIAL TO: Flea Market, Ham
Radio, Greenville, N. H. 03048.

FOR SALE: Ham station, Swan 350-C, power supply-speaker,
Heath Watt-SWR meter, Heath electronic keyer, Ham-M meter
and rotator, 40 ft. steel tower and 3 element beam. Best offer.
Wirite Ms. Virginia Ingham, 2636 Forest Park Blvd., Ft. Worth,
TX 76110.

CX7 REPAIRS. 414-549-9210.

LETTERING and text for QSL pasteup and label usage. Stamp
brings circular. Labelcraft, PO Box 412, W. Sand Lake, NY
12196,

CABLE TV EQUIPMENT. Jerrold, Hamlin, Zenith, many
others. Factory units/lowest dealer prices. Complete illustrated
catalog $2.00. Pacific Cable Co., Inc., 7325%2 Reseda Bivd.,
Dept. 1001, Reseda, CA 91335. (818) 346-5071.

ELECTRONIC CMOS keyer kit pcb & parts only $9.95 plus
$1.50 shipping. WI res. add 5% tax. Send for free informa-
tion. Bel-Tek, PO Box 125H, Beloit, Wi 53511.

CUSTOM MADE embroidered patches. Any size, shape,
colors. Five patch minimum. Free sample, prices and order-
ing information. Hein Specialties, Inc., Dept. 301, 4202 N.
Drake, Chicago, IL 60618.

Foreign Subscription Agents
for Ham Radio Magazine

Ham Radio Austria
Karnn Ueber
Postfach 2454
D-7850 Loesrach
West Germany

Ham Radio Belgium
Stereohouse
Brusselsesteanweg 416
B-8218 Gent

Belgium

Ham Radio Holland
Postbus 413
NL-7800 Ar Emmen
Holland

Ham Radio Europe

Box 2084

S-194 02 Upplands Vasby
Sweden

Ham Radio France

$M Electronic

20 bis, Ave des Clarnions
F-89000 Auxerre

France

Ham Radio Germany
Karin Ueber
Postiach 2454
D-7850 Loerrach
Wast Germany

Canada

Send orders 10

Ham Aadio Magazine
Greenville, NH 03048 USA
Ptices in Canadian funds
1 yr. $29.95, 2 yrs. $53.30
3 yrs. $75.40

Ham Radio Rtaly
Via Pordenone 17
1-20132 Milano
Naly

Ham Radio Switzerland
Karin Ueber

Postiach 2454

D-785Q Loerrach

West Germany

Ham Radio Engtand
cloRSGB

Alma House
Cranbome Road
Potters Bar
Herts EN6 3JW
England

Holland Radio

143 Greenway
Greenside, Johannasburg
Republic of South Africa

140 May

A
AWARDS DIRECTORY $1.00 brings information. Refundable.
Updated monthly. Computerized. Worldwide. List your awards
free. Over 1000 now in files. KBOZP. RR#18, Cumming, 1A
50061.

EQUIPMENT SALE. HAL DS2000 KSR RTTY/CW keyboard
$100. Panasonic 9" monitor $80. Collins SM280 microphone
$60. Six good used 4-400A’s $20. each. TR3/AC3/MS4 $120.
1.6 kHz S-Line filter $40, 4-1000A and parts for amp. Mike
Palmer, K5FZ, 16707 Creeksouth, Houston, Texas 77068.
(713) 444-7737 .

CUSTOM EMBROIDERED Emblems -- Cloisonne’ enameled
pins, your design, low minimum, excelient quality, free booklet.
A.T. Patch Co., Dept. 65, Littleton, NH 03561. (603) 444-3423.

TI 99/4A random, text, keyboard, send, receive code prac-
tice programs. Dr. Code ""General’ sends International Morse
code and prints on screen; you choose: speed, tone, which
characters to be send, spacing, and more! Dr. Code *'Speech”
same as ‘‘General’” with speech; you choose how many
characters before speech check. For cassette of both copy-
righted programs and conditional copying privileges, send
$10.00 ptus $3.00 shipping and handting to NSESF, Rt. 1, Box
1326, Lake Charles, LA 70601. Phone (318) 436-2048, no col-
lect calls please. Satisfaction or money back.

QST Magazines. 271 of them about 200 Ibs. 1930, 1933
through 1940 solid, 1952 through 1965 solid. Best offer for
the whole works only. W2LTJ.

FREE CATALOG of books for electronics professionals and
hobbyists. Send SASE to Technical Advice, P.O. Box 4757,
Englewood, Colorado 80155.

NEW low frequency products by K1RGO. L-101 VLF converter
(2 kHz to 500 kHz), AM broadcast rejection 100 dB, i-f rejection
130 dB. L-201 VLF fixed tuned preampiifier (2 kHz to 500 kHz),
25 dB gain (adjustable). Free brochure. LF Engineering Co.,
17 Jatfry Rd., East Haven, CT 06512.

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO
to G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117.
SASE brings information.

CHASSIS and cabinet kits. SASE K3IWK.

IMRA, international Mission Radio Association, helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM
Eastern. Eight hundred Amateurs in 40 countries. Brother
Frey, 1 Pryer Manor Road, Larchmont, NY 10538.
WANTED: Old microphones, remote mixers other misc related
items. All pre-1935. Box Paquette, 107 E. National Avenus,
Milwaukee, W1 53204,

ELECTRON TUBES: Receiving, transmitting, microwave . . .
all types available. Large stock. Next day delivery, most cases.
Daily Electronics, PO Box 5029, Compton, CA 09224 (213)
774-1255.

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year
$7.00. Beginners RTTY Handbook $8.00 includes journal
index. P.O. Box RY, Cardiff, CA 92007.

TENNATEST — Antenna noise bridge — out-performs others,
accurate, costs less, satisfaction guaranteed, $41.00. Send
stamp for details. WEUUR, 1025 Wildwood Road, Quincy, M)
49062.

Coming Events
ACTIVITIES

“Places to go..."”

INDIANA: Hamfest and Computer Show, Sunday, June 9.
Sponsored by the Muncie Area Amateur Radio Club. 8 AM
to 3 PM. Rain or Shine. Delaware County Fairgrounds. Tickets
$2,00 advance, $3.00 at door. Large Flea Market. Overnight
camping on grounds. Hookups $5.00. Talk in on 146.13/.73.
For tickets, table reservations or information: SASE to
MAARC, PO Box 2102, Muncie, IN 47302.

OHIO: The Athens County Amateur Radio Association's sixth
annual Hamfest and Computerfest. Sunday, May 19, City
Recreation Center, East State Street, Athens. 8 AMto 3 PM.
Admission $3.00. Free paved outdoor tailgating or bring your
own tables. Indoor space by advanced registration only. Con-
tact Joe Follrod, NESR, 15 Roy Avenue, The Plains, OH
45780. (614) 797-4874. This year there will be all level license
exams. Mail completed FCC Form 610 and $4.00 check pay-
able to ARRL/VEC to John Cornweli, NC8V, exam coordinator,
101 Coventry Lane, Athens, OH 45701. Forms must be re-

ceived by April 19. Talk in on club repeater 146.34/.94. For
information: Carl J. Denbow, KABJXG, Chairman, ACARA
Hamfest Committee, 63 Morris Ave., Athens, Ohio 45701,

LOUISIANA: The Central Louisiana ARC (CLARC) will
sponsor a Hamfest, Saturday and Sunday, June 8 and 9,
Bolton Avenue Community Center, 315 Bolton Avenus,
Alexandria. Free admission. Swap tables available. VEC
exams. Taik in on 147.93/33 or 146.04/64. For more informa-
tion: CLARC, PO Box 7772, Alexandria, LA 71306.

GEORGIA: The John Ross Amateur Radio Club's annual
Hamfest, June 8 and 9. New location — Lakeview — F1.
Oglethorpe High School, Ft. Ogletharpe on Hwy. 2A. Air con-
ditioned dealer spaces. Indoor/outdoor flea market. Tables
available. FCC exams both days. Refreshments and plenty
of free parking. Talk in on 145.35/down. For reservations and
information: JRARC, PO Box 853, Rossville, GA 30741. (404)
861-5610.

MICHIGAN: The Chelsea Swap and Shop, Sunday, June 2,
Chelsea Fairgrounds. Gates open for sellers at 5 AM. General
public 8 AM to 2 PM. Donation $2.50 advance or $3.00 at gate.
Children under 12 and non ham spouses admitted free. Talk
in on 146,520 simplex and 147.255 Chelsea repeater. For in-
formation: William Altenberndt, 3132 Timberline, Jackson, Mi
49201.

MINNESOTA: The North Area Repeater Association will
sponsor the state's largest swapfest and exposition, Satur-
day, June 1, Minnesota State Fairgrounds in St. Paul. Free
overnight parking for self-contained campers May 31. Exhibits,
dealers, giant flea market. Amateur license exams given. Ad-
mission $4 in advance, $5 at Fair. Talk in on 25/85 or 16/76
repeaters. For tickets, information: Amateur Fair, PO Box 857,
Hopkins, MN 55343. (612) 566-4000.

MARYLAND: The Maryland FM Association’s annual
Hamfest, Sunday, May 26, Howard County Fairgounds, West
Friendship, I-70, 30 miles west of Baltimore. Gate opens 8 AM
to 4 PM. Inside tables by advance registration $6.00. At the
door $10.00 if available. Donation $3.00. Talk in on 146.16/76,
222.16/223.76, 449.1/444.1. For tables or information: Craig
Rockenbauch, WA3TID, 429 Severnside Drive, Severna Park,
MD 21146, (301) 987-6042 (6-10 PM).

GEORGIA: The Anderson, Hartwell and Toccoa Amateur
Radio Clubs will hold the 6th annual Lake Hartwell Hamfest,
May 18 and 19, Lake Hartwell Group Camp, Highway 29,
Hartwell. Free admission, free camping, and free flea market
space. Left footed CW contest, horseshoes, fishing, swimming
and camping available on site. Campgrounds open 6 PM
Friday. Talk in on 146.19/.79, 147.93/.33 and 146.895/.295.
For further information: Ray Pettit, WB4ZLG, Rt. #1, Dooley
Drive, Toccoa, GA 30577.

MARYLAND: The Frederick Amateur Radio Club’s 8th annual
Hamfest, June 16, Frederick Fairgrounds. Admission $3.00.
YL's and children free. 8 AM to 4 PM. Tailgaters $2.00 extra.
Gates open for exhibitors 8 PM June 15. Overnight parking
welcomed. Tables $10.00 first, $5.00 each extra. For informa-
tion: Jim Kasunic, KA3LPC, 9419 Hightander Ct., Walkersville,
MD 21793.

ILLINOIS: The Chicago Amateur Radio Club (CARC) is spon-
soring a Mini Hamfest, Wednesday, May 15, 6 to 10 PM,
Edgebrook Golf Course Fieldhouse, 5800 N. Central Avenue,
Chicago. (North of Elston Avenuse, south of Devon Avenue).
For more information: (312) 545-3622.

NEW HAMPSHIRE: The 11th annual Eastern VHF/UHF Con-
ference, May 17-19, Rivier College, Nashua. Friday night
hospitality room. Saturday tech talks by well-known VHFers.
Pre-registration $13.50 to David Knight, KA1DT, 15 Oakdale
Avenue, Nashua, NH 03062 before May 5. Registration at the
door $20.00. Saturday night banquet $14.00 payable before
May 5. Dormatory housing available, $16.50 per night single,
$28.00 per night double, inciudes buffet breakfast. include
payment at time of pre-registration. Make checks payable to
Eastern VHF/UHF Conference. There are also numerous
hotels and motels nearby. For information: Lewis D. Collins,
W1GXT, 10 Marshall Terrace, Wayland, MA 01778. (617)
358-2854 (6-10 PM).

OHIO: The 5th annual Columbus Hamfest sponsored by the
Battelle Amateur Radio Club, Sunday, June 2, 8 AM to 3 PM.
Ganyard Building on Franklin County Fairgrounds. Admission
$2 advance and $3 at the door. Advance tables $3; at the door
$4. Talk in on 146.37/37. For information Bill, WBLLU (614)
261-7053 or Kevin, WABOH]I (614) 766-5313. Advance sales
SASE !0 Bill Welch, WBLLU, 396 Brevoort Rd., Columbus,
Ohio 43214.

OHIO: The Sandusky-Ottaway Counties annual Hamfest, May
19, 8 AM to 3 PM. Ottawa County Fairgrounds, St. Rt. 163
east of Oak Harbor. Donation $3.00 at gate; $2.50 advance.
Tables $3.00. Gate opens 6 AM for dealers and 8 AM for



general public. Trunk sale (donation 50¢), plenty of parking,
food and refreshments. To reserve tables: Raymond Kruse,
K8IDA, 18980 W. S.R. 51, Elmore, Ohio 43416. (419) 862-2619
(8 AM - 5 PM).

PENNSYLVANIA: The Warmister ARC Hamfest, May 19,
Middletown Grange Fairgrounds, Penns Park Rd., Wrights-
town (about 15 miles north of Phila.) Admission $3.00 XYLs
and children free. Indoor space with table and elec $5.00.
Tailgating space $5.00. Gates open 7 AM. Talk in on 147.69/09
and 147.52. Computer hardware/software vendors welcome.
For information: Bill Cusick, W3GJC, Apt. 706. Garner House,
Hatboro, PA 19040. (215) 441-8048.

NEW YORK — Long island: The Suffolk County Radio Club’s
Indoor/QOutdoor Electronic Flea Market, Sunday, May 5, 8 AM
to 3 PM, Republic Lodge No. 1987, 585 Broadhotiow Road
(Rt. 110) Melville. Refreshments and plenty of free parking.
General admission $2.00. Wives and children under 12 free.
Indoor sefler’s tables $7.00. Outdoor space $5.00 includes one
free admission. Talk in on 144.61/145.21 and 146.52. For in-
formation: Richard Tygar, AC2P. (516) 643-5956 evenings.

NEVADA: The 10th International Convention of the YLRL wilt
be held June 20, 21, 22 and 23 at the Sahara Hotel, Las
Vegas. Deluxe accommodations and RV parking available at
reasonable rates. Activities include a Hoover Dam tour, Lake
Mead cruise, desert tour, gala stage show, cocktail party,
luncheon buffet and awards banquet plus a DX YL show, slide
shows and business meetings. A convention station will
operate on 14,288 kHz and other frequencies. Registration
forms are to be found in recent issues of YLRL's **Harmonics'
For information packet send business SASE with 2 oz. of
postage to Jan Weaver, N7YL, 2195 East Camero Avenue,
Las Vegas, NV 89123,

NEW JERSEY: The Tri-County Radio Association's Hamfest,
Sunday, May 19, rain or shine, Passaic Valley Community
Center off Valley Road, Stirling. 9 AM to 4 PM. Indoors, free
parking, refreshments. Tables $10. Registration $2.50.
Reserved tailgating only. All reservations to: Dick Franklin,
W2EUF, PO Box 182, Westfield, NJ 07090. (210) 232-5955
or 270-3193.

SOUTH DAKOTA: The Black Hills Amateur Club is celebrating
its 50th anniversary by sponsoring the 1985 ARRL Dakota Divi-
sion Convention, July 5, 6, 7, Howard Johnson’s (1-90, exit
59) Rapid City. Registration Friday from 4 to 7:30 PM followed
by a social hour. Saturday exhibits, registration, indoor flea
market (free tables while they last) ladies’ activities and fun
for the whole family. VE exams (limited walk-ins) 1 PM.
Banguet at 7 PM. Sunday brunch at 8:30 followed by the ARRL
forum. Exhibits will be open. Pre-registration & banquet
$18.00. Pre-registration only $6.50. Must be made prior to
6/10/85. Additional banquet tickets $12.50. Sunday brunch
$6.75, children 12 and under $3.75. Registration after 6/10/85,
$7.50. Make check payable to Black Hilis ARC, c/o Gene F.
Bauer, KX@U, 713 Blaine Avenue, Rapid City, SD 57701. Con-
firmation by return mait.

WISCONSIN: The Central Wisconsin Radio Amateur’s annual
Swapfest/Family Picnic, June 16, Bukolt Park, Stevens Point.
Swapfest will feature volunteer exams (by advanced registra-
tion only), dealers, food, refreshments and fellowship. Tables
and tailgating $2.00. Talk in on 146.07/67 and .385/985. For
further information: Jim Benak, KASACE, 1775 Strongs
Avenue, Stevens Point, Wi 54481. To register for exams (by
May 16): Gene Santoski, K9UTQ, 1220 — 18th Street South,
Wisconsin Rapids, WI 54434,

KENTUCKY: The Armored Force Amateur Radio Nationwide
Emergency Team (A FAR NET) will hold an Eyebalt Bivouac,
June 7 - 9, at the Best Western Gold Vault Inn in Radcliff, just
outside Fort Knox. Campers will use the Fort Knox camp-
ground at Camp Cartson. On Friday, June 7, there will be an
informal picnic. Saturday, the group will take a guided bus
tour of Fort Knox ending at the Patton Museum. Saturday
evening’s cocktail party is followed by dinner at 8 PM. There
will be a farewell breakfast Sunday morning. For additional
information contact Carl Quickmire, WB4UBS, 6341 Clover-
dale Drive, Columbia, SC 29209. Any Amateur Radio operator
who has ever served with or been assigned to an armored
unit of the U.S. armed forces or its allies is eligible for member-
ship in A FAR NET. Family members holding an Amatuer
license are eligible for associate memberships. Anyone in-
terested in joining this unique organization can obtain infor-
mation and an application from Harry B. Thomsen, W2PJH,
348 Jetferson Avenue, Apt. 15, Canandaigua, NY 11424,
Please include business SASE.

PENNSYLVANIA: The 31st annual Breeze Shooters Hamfest,
Sunday, June 2, 9 AM to 5 PM, White Swan Amusement Park,
Rt. 60 near Greater Pittsburgh International Airport. Free ad-
mission and flea market. Family amusement park. Registra-
tion $2.00, 3 for $5.00 or 7 for $10.00. Vendors tables by ad-
vance registration. Talk in on 146.28/.88 or 29.000 MHz. For
information: John Colbert, K3SDL, 1831 Highland Ave., Irwin,
PA 15642. (412} 863-5167 evenings only.

COLORADO: The Longmont Amateur Radio Club's annual
Boulder Spring Hamfest, Sunday, May 5, 9 AM to 2 PM rain
or shine, Colorado National Guard Armory, 4750 North Broad-
way, Boulder. Donation $3 per family. No sellers charge but
bring own tables . . . Hamswap, plus tech demonstrations and
seminars. Food and drink available. Tatk in on 146.16/.76 and
146.52. For information: William Currie, WD@EH.J, 1232 East
Fourth Ave., Longmont, CO 80501. (303) 776-2829.

NEW YORK: Long Island Hamfair sponsored by LIMARC,
Sunday, June 3. 9 AM to 4 PM, Electricians Hall, 41 Pinelawn
Road, Melville, |_ong Island. General admission $3.00. $2.00
after 1 PM. Table space in advance from Hank Wener,
WB2ALW, 53 Sherrard St., East Hills, NY 11577-1712.4 x 6’
table space $10.00 or your own for $6.00. Contact Hank at
(516) 484-4322 evenings to 11:30 PM.

INDIANA: The 39th Annual Hamfest sponsored by the
Wabash Valley ARA, Sunday, June 2, Vigo County Fair-
grounds, Terre Haute. For information SASE to WVARA, PO
Box 81, Terre Haute, In 47808.

CONNECTICUT: Flea Market, sponsored by the Newington
Amateur Radio League, June 9, Newington High School, 9
AM to 2 PM. Admission $2.00. Tailgating $5.00. Talk in on
146.52 or W1AW/R 145.450, 224.840.

NEW YORK: The Rome Radio Club’s 33rd annual Ham Family
Day, Sunday, June 2, Beck's Grove in Rome. Games, con-
tests and large Flea Market. Good food and beverages availa-
ble throughout the day. Educational and scientific presenta-
tions. The day will end with dinner and the presentation of
“"Ham of the Year Award"”. For further information: Rome
Radio Ctub, PO Box 721, Rome, NY 13440.

NEW YORK: The 26th annual Southern Tier Amateur Radio
club’s Hamfest, Saturday. May 4, Treadway inn, Owego. Flea
market opens 8 AM. Vendor displays and sales. Dinner at 6:30
PM by advance tickets only. Talk in on 22/82, 16/76 and
146.52. For further information SASE to KF2X, RD #1, Box
144, Vestal, NY 13850.

NEW YORK: The Antique Radio Club of America wilt hold an
international convention at Niagara Falls, June 5-8. The club
has 1000 members who collect and restore antigue wireless
and radio equipment and who study and record the history
of early radio. For information on the convention or member-
ship in ARCA please write NFWA, PO Box 68, Central Park
Station, Buffalo, NY 14215,

WASHINGTON: The Yakima Amateur Radio Club will hold
the Central Washington State Hamfest, May 18 and 19. Hobby
Building at Central Washington State Fairgrounds, Yakima.
Saturday 9 to 5 with lunch available. Sunday 7 to 2 with
breaktast and lunch available. Registration $4.00 advance,
$5.00 at the door. Free swap and shop with plenty of tables.
Talk in on 146.01/61 and 146.34/94. For pre-registration con-
tact Tom Plaisance, PO Box 9211, Yakima, WA 98909.

OPERATING EVENTS
“Things to do...”’

MAY 5 AND 5: The Mason County ARC will operate com-
memorative stations KB7MJ and W7KT1 on SSB, KN7D RTTY
and K7UAR on Packet to celebrate the Shelton, Washington,
Centennial. Certificates will be exchanged for a QSL card and
9 x 12 SASE. Send to Loren Mercer, KA7GSV, 2213 Qlympic
Hwy. North, Shelton, WA 98584.

JUNE 2: SRRC Hamfest, Princeton, lllinois. Plans include
FCC/VEC exams. Registrations $2.50 before May 20. $3.00
June 2. For advance registrations and/or complete informa-
tion, furnish a long SASE to Starved Rock Radio Club,
WOIMKS, RFD #1, Box 171, Oglesby, lllinois 61348. (815)
667-4614.

JUNE 1 AND 2: The Southside Amateur Radio Club will
operate station N@EWP in honor of President Harry Truman’s
101st birthday. The station will operate near the old Truman
farm home in Grandview, MO during the annual '‘Harry’s
Heydays'" celebration. For a commemorative certificate send
9 x 12 SASE with 33¢ postage to Southside ARC, PO Box
412, Grandview, MO 64030,

MAY 4: The Sand Hills Amateur Radio Club will operate KZ@M
during a DXpedition to Moscow, KS to commemorate May
Oay. For a special QSL SASE via Box 88, Moscow, KS 67952.

MAY 25: The Bay Area Amateur Radio Society, Pasadena,
Maryland, will operate KM3I and KA3HKB to commemorate
“‘Samuel F.B. Morse Day"'. For a special certificate send QSL
and large SASE to B.A.A.R.S., PO Box 805, Pasadena, MD
21122-0805.

CQ CONTEST: VHF'ers please note! The first annual CO
World Wide VHF WPX Contest is July 20-22, 50 thru 1296

MHz. For details, logshesets, etc., write to SCORE, PO Box
1161, Denville, NJ 07834 or to CQ Magazine. We need your
entry to make this a success.

MAY 18: ARRL/VEC License Exam at 9 AM, United Communi-
ty Services Building (Red Cross), 39 North Park Street,
Manstield, Ohio. Send SASE, 610 and check for $4 payable
to ARRI/VEC to Peggy Boyte, KCBNH, 1464 Marion Avenue
Road, Mansfield, Ohio 44906.

MAY 18 AND 19: The Amateurs of Lima and Allen County,
Ohio wilt commemorate the discovery of oil in Lima. Stations
participating will sign /OlL and operate in the Novice,
Technician or General partions of the bands. For a certificate
SASE to Northwest Ohio ARC, PO Box 211, Lima, Ohio 45801.
JUNE 1: The Wireless Institute of Northern Ohio {W.I.N.O.)
will be operating a special event station from an actual wingry
in Madison, Ohio to commemorate Ohio Wine Month. Listen
for KOBO Saturday evening 7 and 11 PM EDST and Sunday
11 AMto 3PM EDST. A special 82 x 11 QSL certificate will
be available from KO80C — WINO Weekend, 7126 Andover
Drive, Mentor, Chio 44060.

JUNE 8: Tri-City ARC will operate W7VPA from Ice Harbor
Dam the highest lift navigable locks in the United States.
Operation will be from 1700 to 2400Z. For a special QSL SASE
to W7VPA, PO Box 73, Richland, WA 99352.

MAY 10: The Owensboro ARC will operate K4HY from 00002
to 0530Z May 11 to celebrate their International BBQ Festival.

Certificate for SASE via N4EKG, 1615 East 23rd Street,
QOwensbora, KY 42301.

COMING

SOON!

THE ARRL
ANTENNA
COMPENDIUM

This new League publication will consist
of over 20 antenna articles never pub-
lished before. Availability will be in late
May — just in time for your warm-
weather antenna work! Watch QST for
details.

Other books on antennas available from
ARRL:

The ARRL Antenna Book 14th Edition,
copyright 1982. 328 pages of compre-
hensive antenna, propagation and trans-
mission line fundamentals. $8.00 U.S.,
$8.50 elsewhere. Cloth edition $12.50
HF Antennas for All Locations, copyright
1982. From RSGB, 264 pages. $12.00
Antenna Anthology The best hf antenna
articles taken from QST. Copyright 1978,
148 pages. $4.00 U.S., $4.50 elsewhere.
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225 MAIN ST.
NEWINGTON, CT 06111
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ORDERS
QUOTES

™MEVHF SHOP

-800-HAM-7373

ASTROM FOR THE BEST DEAL IN TOWN

it B (B ate CALL THE BEST NUMBER AROUND 1-800-HAM-7373

priby P TR e SPECIALS: Astron Power Supply Sale (see prices

RS20M 9645  RS50M 203.25 at left), Yaesu FT-980 $1,330, FT-757GX $745.95,

VS20M 11495  VS50M 22385 Kenwood T5.4305 - Call!, TS-711A - CALL!

RS35A 122.75  AM50A 20005 © -

MIRAGE € P

A1015 BMir 150w Amp/Fa 0“' CALL gglrl' NEW 2Mir HT "F:“o\l‘“ Ln":\r‘r‘:'((n::?'ﬂlqh dynamic range front-end

B23A 2 Mir HT Amp/ Pa P Fon ET-209AH s\ boards with: Low loss relay, AF Amp, DEM,

B1018 2 Mir 180w Amp) P-\),‘b ‘\@ OUR FT708R 440Mhz. HT Nqa& CALL  6-pole Xial fiiter. and IF Amolitier

B3016 2M1r 30 In | 180 ot LOW  £777 Great Mobile Rig FOR  ICOM IC211/251 Board 135 98

C10127.3Mb 120w Amoi Pa LOW_ FT757GX HF XCVR - A Winner| OUR 'COMIC271A Board 149 95

CNO10N 430-450MKz 100w N's QUOTE  rrgan CAT System Special GLNA43ZE mast mouni GaasFel preamp and

KLM FiT2EA with 2Mir. Moduls ROCK uBnCer

KTI4A 4ol Tribander WIS SUT6 Sat Duplex Module BOTTOM SURAT44s RF Swiiched Preamp, 100w

KTIaxXA Sal. Tribandar ATR9A 4027435 Modula - THAR QUOTE max. input, NF 148 Gain 1548 typ 74,98

50 Mhz Module - 726R SLNASOs Same as above for S0Mhe T4 98

g: ::E??ﬁgg(zzmmu e 5,501 ,?‘: “;: HET26 10 - 12 - 15M1r Module SBLA1440 Mast-Mourted RF Switched

435 18C T 11285  S5B ELECTROMNICS preamp, 250w, max input NF 1d8 150,98
) High Pertormance - Low Noiss DBM converters  Of DAT44e Masi-Mounted GaAsFet preamp,

KENPRO for SOMhz, 144MHz o 432Mhe 105,98 1w PEP Max, includes Lin. amplitier

KRS0 Elevation Rotar 18095 SSE1296-76/144 GaAsFal comverte 149 95  SeQuencer, Interfaces to ail rigsl 249 98|

KOK S5A144.28 10w Tranaverter Kit with CUE DEE - The Swedish Boomer “SALE”

FM20ED 2Mir 25w FM 71995 Double Balanced Mixer on Tx/Ax 199 95 T4-15AN 150 TAAMH: Yagl wiN conn.  T9

FMB0X) 1 40331 71033 Calll  SSBAI2/435-20 10w Tranaveriar Kit with PARABOLIC - UMF UNITS - LABE

HENRY RADIO GaAsEe) Hoot-anc, D800 L;f":'m - Calll 1296/28 dual conversion xverter 385,00

2KD-Classic 2 KW Amp 985 00 LTZ F’ o HL‘..: Ou"n'?"m " s0.00 17691206 single tube amp (60w) 27995

2002 2004 KW's T250,00/1380.00. A T ey 00 08 1269/1296 dual tube amp (120w) 36095

MICROWAVE MODULES LEM24 OSCAR MODE L up-converter . 279.95 12 meter dish kit 95.95

MMT144-28 2Mtr X vartar 19005 Ox144 GaasFel Preamp NF 408 124 98 Dish fesds 1296 or 2304 B5 95

MMT220-28 220Mhz X-vartar 20000 Dxa32 GaAsFet Preamp NF SdB 124.95 2wayani combiners 144/432 51.05/49.95

MMTAI2 /43528 10w X-vaitar 27995 DX1208 GaAsFel Preamp NF BdB 124,05 -‘ wiy anl. combiners 144432 50 05/56 05

MMT1206-144G 2w X-warter SSB MAST-MOUNTED GaAsFet Preamps TEAMS: Prices do not include shipping except

MMC1 44-26 2M1r convarter MV1445-01 NI 8B 1Kw PEP Max 77595 “her indicated snd are subject lo change

MMCA32 | 43528 converter MVAIZS-01 NF 708 1Kw PEP Max 27598 ;‘.‘m f:z? At bl-l-':lltc*-'h:ﬂ lof:ll C'C;KJO

Information & Fa. Hesidenis L~ by Oepon NI RS Iy ey 104

FLAS NOW UNDER 15% reatocking charge
Call (717) 474-9399 NEW MANAGEMENT! “Continental USA only

16 S. Mountain Blvd. - Rt. 309

& Friday 9:00am
Mountaintop, Pa. 18707 ;

9.00am

8:00pm
5 00pm

MC/VISA
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MULTI-BAND SLOPERS

ILSO D"‘Ull:s & LIMITED-SPACE ANTENMAS

29 31029 700 MMz i 10 kHr Steps. 100 kHz Repaater Spin provided
AW BF Out, 0.3 .V for 17 0B Sinad, ciw Mic. mobile cradie eic

+ Compact +
o s LA
nstructions - Your peivonsl chech accepled

0. B0, 40 30, or 20M &0 i long  § A ppd
Iﬁ -" A0M &0 N e

* Ahw powet
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- 401 » -
3 = ll'} ™Mar llll"'lh [ 4 l&ﬂ W ADMW nn T o

o ] BS11 ‘m! : 58 -

VISA CARD AIR POST 9 I!.nN(J !.M £ SAvE H DIPOL | [ m:l e 1OM 41N, 3 BSppd

* Moquives wide Tange luner (80, 40. 20, 15M withaul luner
siﬂﬂ Slsf lnu {nmnlﬂll. oq-mol 1"“" vl othr negue 'nr-nna
WYIINM ANTEN 317 354 3414

MASTER CARD
IO DRAFT

FREPAID
WORLDWIDE

Keep those valuable
issues of Ham Radio
like new. Prevent
smears, tears and
dog ears. Bind 'em
together and enjoy
for years to come.
You'll be happy you
did!

HAM RADIO BINDERS

Beautiful buckram bound,
rich brown material with gold
embossing. These binders
will really dress up your col-
lection of Ham Radio. Year
stickers included.

[ /HR-BDL $6.95 ea.

3 for $17.95

Please add $2.50 for shipping
and handling, U.S. only

HAM RADIO’S BOOKSTORE
GREENVILLE, NH 03048

BOX 393-H  MT. POOSF!CT IL 40056

1985

WORLD
RADIO TV

HANDBOOK

39th Edition
Brand New. Just Released!
Get Your Copy Today.

» 194

This book has been called the SWL's bible and for good reason. It's
chockfull of all the latest call signs, schedules, frequencies and other im-
portant information for broadcasters around the world. You also get equip-
ment reviews and other special features that make the WRTV Handbook
an invaluable reference guide.

1985 39th edition 608 pages

GL-WRTV85 Soflbound $19.50

{pleasa add $3 50 lor shipping & handhng)
Jl

radlo,.,,,.,,,,w, BOOKSTORE

GREENVILLE, NH 03048 (603) 878-1441

MOVING?

KEEP HAM RADIO COMING...

If possible let us know four to six weeks
before you move and we will make sure
your HAM RADIO Magazine arrives on
schedule Just remove the mailing label
from this magazine and aflix below

Then complete your new address (or any

other corrections) in the space provided
and we'll 1ake care of lhe rest
ham .
’adio Allow 4-6 weeks lor

correction
Magazine

Greenville, NH 03048
Thanks for helping us lo serve you better.
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MICROCOMPUTER
REPEATER CONTROL

Introducing the MIGRO REPEATER CONTROLLER APT-2A. a new . A‘ = -{{

concept in LOW COST, EASY TO INTERFACE, microcompiter 3 - e o i .
ROHN brings tt

repeater control. Aoplace boards with a state of the ar '\:
W
\

o
microcomputer thal adds NEW EEATURES, HIGH RELIABILITY, o

oy e i Sy b e vl

B et g VGO FIRRATR A TR - toyou with its patented design.

- oo OW D Mestages  Haconiuatie COR s For the ultimate “on the ground”

" e et Warng MG = S22 e Tons Canarmy service and antenna installation,

» Poms Tneout C i = Low Powe 915 VDG @ 200 ma i " .

s At a ROHN “Fold-Over" Tower is your

RPT-2A Kit Only $119  plus $3.00 shipping best buy. Your safety comes first with
PROC R CONCEPT “Fold- " i it
PR m&g&o C S = Fold-Over.” For complete details write:

FORT ATKINSON, Wi 53538
(414) 563-4962 Tpm-10pm evenings E

QMI OR WRITE FOR FREE CATALOG AND SPE [‘,IFICMI[]N_S)

Master code or upgrade in a matter of days
Code Quick s a unique breakthrough
which simplifies learning Morse Code
Instead of a confusing maze of dits and
dahs, each letter will magically begin to call
oul its own name' Stop torturing yourself!
Your amazing kit containing 5 power ‘ i
packed cassettes, wisual breakthrough P
cards and onginal manual s only $39.95! COAX RELAYS
Send check or money order today to 600 ¥ .'?n
WHEELER APPLIED RESEARCH LAB o TIODR! Puur. 600 W at 800 Mz A 1984-85
P.O. Box 3261, City of Industry, CA 91744 VSWR < 1.15 ;.1 1500 MHz ‘ CATALOG
Ask for Code Quick #103, Calforma - MODEL CX-600N
residents add 6% sales tax :::lzgon > ;;}d: aITEOO ’::Hz — 50¢
One User Comments: Pedance ov:onm Lype; N 0onneciors
“First new idea in code study and the darn .
thing works! So much fun you don't realize P CX 120 P
how much yvou're learning ™ 213+ Max Input Pwr 150 W at 500 MHz '
M.S Greneda, Miss p ‘VSWH(1.12312500MH2 (N
e 1N i = J* Isolation > 40 db at 500 MHz /[‘q)
Hundreds of satisfied customers! e Impedance 50 ohm PC Board Mounting LU
Youcan't lose! Féllow each simple step. You MODEL CX-120p  Similar type (CX 120A) available for direct
must succeed or return the kit for a total connection to RG58/U '
immediate refund! - :
ﬁ \ RADIOKIT
TOROID (\ - Box 411H
ALL BAND TRAP Greenville, NH 03048
F-568-1-H 2.4" 0D 900 (603) 878-1033
UEHTICAL popular for broad band balun (Inc. 160 m) and RFI telex B8T7BOT
Great for DX
Compietely assembied and ready 10 use! »~ 198
Commercial quality, buil 1o last -Light ;
weight, sealed, weatherproo!  trap(s)
Low loss end msulator -Handles up 1o
2000 wats P Ao and GUS BROWNING, W4BPD’s

ching -For all transmillers, receivers &

transceivers -Tuner usually never re-

quited - Deluxe end feed connector, with

buslt in hightning arrestor, accepts PL-259

coax connector -Use as sloper or vertical
Permanen! of portable use - Easy 1o in-

stall Can be used without radials - Al-

taches to aimost any suppon -Excellent

for all class amateurs - Instructions in-

cluded -10 day money-back guarantee!

4-Band-40,20,15,10 meters (27°) 1 rap#VS-41

$39 95 plus $4 00 shipping

5-Band-80.40,20,15,10 meters (52') 2 traps #VS-52

$54 95 plus $4.00 shipping

50 ft RG-58U, 52 ohm coax cable with PL-259 connector on

each end - add $8.00 to above pnce

We accept VISA/MC - give Carde, Exp. date, Sionature o= 162

Fms= $PI-RO DISTRIBUTORS, -
Mamarbews]  Room 103, P.O. Box 1538 VISA

" %_~]  Hendersonville, NC 28793 !ﬂg!

DX’ERS MAGAZINE

For over 17 years, Gus's DX'ERS MAGAZINE has
brought thousands of DX'ERS worldwide, timely,
pertinent information on when and where to find
those elusive DX stations.

Gus's personable, chatty writing style and his years
of DX operating experience makes the DX'ERS
MAGAZINE a unigue publication. One year $14.00
USA, Canada & Mexico W~ 109

Gus also prints high quality QSLs and other related items.
Write today for a free sample of his QSLs and DX'ERS MAGAZINE.

Gus Browning, W4BPD « PO Drawer 405 « Cordova, SC 29039

Mo =N

More Details? CHECK —OFF Page 166




California

C & AROBERTS, INC.

18511 HAWTHORN BLVD.
TORRANCE, CA 90504
213-370-7451

24 Hour: 800-421-2258

Not The Biggest, But The Best —
Since 1962.

FONTANA ELECTRONICS

8628 SIERRA AVENUE

FONTANA, CA 92335

714-822-7710

714-822-7725

The Largest Electronics Dealer in San
Bernardino County.

JUN’'S ELECTRONICS
3919 SEPULVEDA BLVD.
CULVERCITY, CA 90230
213-390-8003
800-882-1343 Trades
Habia Espanol

Connecticut

HATRY ELECTRONICS

500 LEDYARD ST. (SOUTH)
HARTFORD, CT 06114

203-527-1881

Call today. Friendly one-stop shopping
at prices you can afford.

Delaware

AMATEUR & ADVANCED
COMMUNICATIONS

3208 CONCORD PIKE
WILMINGTON, DE 19803

(302) 478-2757

Delaware's Friendliest Ham Store.

DELAWARE AMATEUR SUPPLY
71 MEADOW ROAD

NEW CASTLE, DE 19720
302-328-7728

800-441-7008

Icom, Ten-Tec, Microlog, Yaesu,
Kenwood, Santec, KDK, and more.
One mile off I-95, no sales tax.

Florida

AMATEUR ELECTRONIC SUPPLY
1898 DREW STREET
CLEARWATER, FL 33575
813-461-4267

Clearwater Branch

West Coast’s only fuli service
Amateur Radio Store.

Hours M-F 9-5:30, Sat. 9-3

AMATEUR ELECTRONIC SUPPLY
621 COMMONWEALTH AVE.
ORLANDO, FL 32803
305-894-3238

Fla. Wats: 1 (800) 432-9424
Outside Fla: 1 (800) 327-1917
Hours M-F 9-5:30, Sat. 9-3

AMATEUR RADIO CENTER, INC.
2805 N. E. 2ND AVENUE

MIAMI, FL 33137

305-573-8383

The place for great dependable
names in Ham Radio.

Hawaii

HONOLULU ELECTRONICS

819 KEEAUMOKU STREET
HONOLULU, HI 96814

(808) 949-5564

Serving Hawaii & Pacific area for 51

years. Complete lines of Amateur equip-

ment, accessories and parts.

Hlinois

ERICKSON COMMUNICATIONS, INC.
5456 N. MILWAUKEE AVE.
CHICAGO, IL 60630

312-631-5181

Hours: 9:30-5:30 Mon, Tu, Wed & fri;
9:30-8:00 Thurs; 9:00-3:00 Sat.

Indiana

THE HAM STATION

808 NORTH MAIN STREET
EVANSVILLE, IN 47710
812-422-0231

Discount prices on Ten-Tec, Cubic,
Hy-Gain, MFJ, Azden, Kantronics,
Santec and others.

Massachusetts

James Millen Components by
ANTENNAS ETC.

16 HANSOM ROAD

ANDOVER, MA 01810

617-475-7831

Bezels, bindng posts, capacitors, con-
densers, chokes, coils, ceramics, H.V.
connectors, plate caps, hardware
knobs, dials, scopes and grid dippers.
Inquire SASE or visit.

Ham Radio’s guide to help you find your loca

TEL-COM, INC.

675 GREAT ROAD, RTE. 119
LITTLETON, MA 01460
617-486-3400

617-486-3040

The Ham Store of New England
You Can Rely On.

Michigan

ENCON PHOTOVOLTAICS
Complete Photovoltaic Systems
27600 Schoolcraft Rd.

Livonia, Michigan 48150
313-523-1850

Amateur Radio, Repeaters, Satellite,
Computer applications.

Call Paul WD8SAHO

Nevada

AMATEUR ELECTRONIC SUPPLY
1072 N. RANCHO DRIVE

LAS VEGAS, NV 89106
702-647-3114

Dale Porray 'Squeak,” AD7K
Outside Nev: 1 (800) 634-6227
Hours M-F 9-5:30, Sat. 9-3

JUN’S ELECTRONICS

460 E. PLUMB LANE — 107
RENO, NV 89502
702-827-5732

Qutside Nev: 1 (800) 648-3962
lcom — Yaesu Dealer

NEW YORK

ADIRONDACK ELECTRONICS, INC.
1991 CENTRAL AVENUE

ALBANY, NY 12205

518-456-0203

Amateur Radio for the Northeast since
1943.

BARRY ELECTRONICS

512 BROADWAY

NEW YORK, NY 10012
212-925-7000

New York City’s Largest Full Service
Ham and Commercial Radio Store.

VHF COMMUNICATIONS

915 NORTH MAIN STREET
JAMESTOWN, NY 14701

716-664-6345

Call after 7 PM and save! Supplying all
of your Amateur needs. Featuring ICOM
**The World System.”” Western New
York’s finest Amateur dealer.

. YOUSHOULD BE HERE TOO!
D ea-l ©rXS. Contact Ham Radio now for complete details.
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dmateur Radio Dealer

Ohio

AMATEUR ELECTRONIC SUPPLY

28940 EUCLID AVE.

WICKLIFFE, OH (CLEVELAND AREA)
44092

216-585-7388

Ohio Wats: 1 (800) 362-0290

Qutside Ohio: 1 (800) 321-3594

Hours M-F 9-5:30, Sat. 9-3

UNIVERSAL AMATEUR RADIO, INC.

1280 AIDA DRIVE

REYNOLDSBURG (COLUMBUS), OH
43068

614-866-4267

Featuring Kenwood, Yaesu, lcom,

and other fine gear. Factory author-

ized sales and service. Shortwave

specialists. Near |I-270 and airport.

Pennsylvania

HAMTRONICS,

DIV. OF TREVOSE ELECTRONICS
4033 BROWNSVILLE ROAD
TREVOSE, PA 19047
215-357-1400

Same Location for 30 Years.

LaRUE ELECTRONICS

1112 GRANDVIEW STREET
SCRANTON, PENNSYLVANIA 18509
717-343-2124

lcom, Bird, Cushcraft, Beckman,
Larsen, Hustler, Astron, Belden,
Antenna Specialists, W2AU/W2VS,
AEA, B&W, Amphenol, Saxton, J.W.
Miller/Daiwa, Vibroplex.

THE VHF SHOP

BOX 349RD 4

MOUNTAINTOP, PA 18707
717-868-6565

Lunar, Microwave Modules, ARCOS,
Astron, KLM, Tama, Tonna-FIFT,
UHF Units/Parabolic, Santec, Tokyo
Hy-Power, Dentron, Mirage,
Amphenol, Belden

Texas

MADISON ELECTRONICS SUPPLY
1508 McKINNEY

HOUSTON, TX 77010
713-658-0268

Christmas?? Now??

Wisconsin

AMATEUR ELECTRONIC SUPPLY
4828 W. FOND DU LAC AVE.
MILWAUKEE, W1 53216
414-442-4200

Wisc. Wats: 1 (800} 242-5195
Qutside Wisc: 1 (800) 558-0411
M-F 9-5:30

Sat 9-3

RADIO WAREHOUSE

Division of HARDIN Electronics

KENWOOD

ICOM

NO FRILLS—JUST LOW PRICES
CALL FOR SPECIAL PRICES ON—

YAESU

TEN-TEC

DAIWA METERS-KEYERS - AUDIO FILTERS

CUSHCRAFT LINE OF ANTENNAS
CALL TOLL FREE

1-800-433-3203

IN TEXAS CALL 817-496-9000
5635 EAST ROSEDALE
FT. WORTH, TEXAS 76112

ALL BAND TRAP
“lUPER” ANTENNAS!

FULL COVERAGE! ALL BANDS! AUTOMA-
TIC SELECTION withPROVEN Weatherproof
sealed Traps - 18 Ga Copperweld Wirel
GROUND MOUNT SLOPERS - No Radlals
needed! _house witee faucetl
Connect Top to Trees, Buildings, Poles, ete at
_ANY angle 1rom Straightup to 60 degrees for
-excellent "SLOPER” DX Antenna Gain or
bend it anywhere you need to! 2000 Watt
PEP Ingut, max. Permanent or portable Use
“Instalis In 10 minutes. SMALL . NEAT -
ALMOST INVISABLE - No one will know you
have & Hl Power DX Antenna. ldeal For COND'Os APART-
MENTS- RESTRICTED AREAS - Pre-tuned for 2-1 or less
SWR over ALL bands (except BO - 400kc) No adjust-
ments needed - EVER. COMPLETELY ASSEMBLED, with

60 ft RG-506U Coax feediine and PL2Z59 connector - Bullt
in lighting srrestor -« ready to hookup; FULL INSTRUC-

No. 1080S - 80-40-20-15-10—1 trap 49 ft.—— $49.95
No. 1040S — 40-20-15-10 — ) trap 26 ft. —$48.95
No. 10208 ———20-15-10 1 trap 13 ft. $47.95

SEND FULL PRICE FOR PPDEL IN USA (Canadals SIO 00
extra for postage etc) or order using VISA, MASCARD -

AMER EXP. Give Number Ex Dste. Ph 1-308- 236 5333

weekdays. We ship In 2-3 dayl(Par Cks 14 days) Guaranteed

1 yr - 10 day money back trlal. 200

WESTERN ELECTRONICS ¥

Dept. AR-5 Kearney, Nebraska 68847

SAY
YOU SAW
ITIN
ham radio!

TUBES

andIC’s
FAST DELIVERY
LOWEST PRICES

call Toll Free (800) 221-5802

In-depth Inventory - Industrial & Receiving Tubes

Here are 2 duzen examples

3-400Z $85.00 | MRFa55 $19.95
3-5002 85.00| mM2057  15.00
4CX2508 60.00| 872A 24.00
5728 53.00| ax150A 35.00
12.00| 6DJ8 2.15
6550A 1.50
95.00
95.00
215.00
520.00

811A
813 35.00
61468 7.75] 8072
6360 5.75| 8121
68838 7.50 | 8874
7360 12.95| 8877
8122 110.00 | 807 6.75

MRF454/A19.95 | 8950 11.50

Major Manulaclurers Faclory Boxed and Full tine of
Sylvania ECG Replacement Semiconductors

G- nen @mmun 1

Minimum order §25 00 | Allow 83 UPS charge

TRANSL r:‘agylc INC.
e Y B
Box H, 1365 39th ST., BROOKYLN, NY 11218

Tel. 718-633-2800/Watts Line 800-221-5802
FAX # (718) 633-4375




TUBES

TYPE PRICE TYPE PRICE TYPE PRICE
2039/7289 $ 34.00 1162/4600A $500.00  ML7815AL $ 60.00
2£26 7.95 4600A 500. 00 7843 107.00
2K28 200.00 4624 310.00 7854 130.00
3-5007 102.00 4657 84.00  ML7855KAL 125.00
3-10002/8164 400.00 4662 100.00 7984 14.95
3B28/866A 9.50 4665 500.00 8072 84.00
3CX400U7/8961 255.00 4687 P.0.R. 8106 ' 5.00
3CX1000A7/8283 526.00 5675 42.00  8117A 225.00
3CX3000F1/8239 567.00 5721 250.00 8121 110.00
3CW30000H7 1700. 00 5768 125.00 8122 110.00
3X2500A3 473.00 5819 119.00 8134 470.00
3X3000F 1 567.00 5836 232.50 8156 12.00
4-65A/8165 69.00 5837 232.50 8233 60.00
4-125A/4D21 79.00 5861 140.00 8236 35.00
4-250A/5022 98.00 5867A 185.00  8295/PL172 500. 00
4-400A/8438 98.00 5868/AX9902 270.00 8458 35.00
4-4008/7527 110.00 5876/ A 42.00 8462 130.00
4-400C/6775 110.00 5881/6L6 8.00  8505A 95.00
4-1000A/8166 444.00 5893 60.00  8533W 136.00
4CX2508/7203 54.00 5894 /A 54,00  8560/A 75.00
4CX250FG/8621 75.00 5894B/8737 54.00  8560AS 100.00
4CX250K /8245 125.00 5946 395.00 8608 38.00
4CX250R/ 7580 90.00 6083/A29909 95.00 8624 100.00
4CX300A/8167 170.00 6146/6146A 8.50 8637 70.00
4CX350A/8321 110.00 6146B/8298 10.50 8643 83.00
4CX350F /8322 115.00 6146W/7212 17.95 8647 168.00
4CX350FJ/8904 140. 00 6156 110.00 8683 95.00
4CX6000/8809 835.00 6159 13.85 8877 465.00
4CX1000A/8168 242.50% 61598 23.50 8908 13.00
4CX1000A/8168 485.00 6161 325.00 8950 13.00
4CX15008/8660 555.00 6280 42.50 8930 137.00
4CX5000A/8170 1100.00 6291 180.00 6L6 Metal 25.00
4CX100000/8171 1255.00 6293 24.00 6L6GC 5.03
4CX15000A/8281 1500. 00 6326 P.0.R. 6CA7/EL34 5.38
4CW8O00F 710.00 6360/A 5.75  6CL6 3.50
4D32 240.00 6399 540.00 608 2.50
4E27A/5-1258 240.00 6550A 10.00 605 6.58
4PR60A 200.00 6883B/8032A/8552 10.00  6GFS 5.85
4PR60B 345.00 6897 160. 00 6GJ5A 6.20
4PR65A/8187 175.00 6907 79.00 6GK6 6.00
4PR1000A/8189 590. 00 6922/6DJ8 5.00 6HB5 6.00
4X150A/7034 60.00 6939 22.00  6HF5 8.73
4X1500/7609 95.00 7094 250.00 6JG6A 6.28
4X2508 45.00 7117 38.50 6JM6 6.00
4X250F 45.00 7203 P.O.R. 6JNG 6.00
4X500A 412.00 7211 100.00 6J56C 7.25
5CX 1500A 660. 00 7213 300.00%  6KN6 5.05
KT88 27.50 7214 300.00%*  6KD6 8.25
4168 45.00 7271 135.00 6LF6 7.00
416C 62.50 7289/239 34.00  6LQ6 G.E. 7.00
5728/T160L 49.95 7325 P.0.R. 6LQ6/6MI6 Sylvania  9.00
592/3-200A3 211.00 7360 13.50 6ME6 8.90
807 8.50 7377 85.00 12AT7 3.50
811A 15.00 7408 2.50 12AX7 3.00
812A 29.00 7609 95.00 128Y7 5.00
813 50. 00 7735 36.00 12JB6A 6.50
NOTE * = USED TUBE NOTE P.0.R. = PRICE ON REQUEST

"ALL PARTS MAY BE NEW, USED, OR SURPLUS. PARTS MAY BE SUBSTITUTED WITH COMPARABLE PARTS IF WE
ARL OUT OF STOCK OF AN ITEM.

NOTICE: ALL PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. For information call: 602-265-0731

Toll Free Number s cas mey oc rew o &Vl‘l[} electroncy

surplus, and parts may be

800-528-0180 supsiiuled with comparadlpars 3802 North 27th Ave., Phoenix, AZ 85017
it we are out of stock ot an item.
(For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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“FILTERS”

COLLINS Mechanical Filter #526-9724-010 MODEL F455732F

455KHZ at 3.2KHz wide. May be other models but equivalent. May be used or new, $15.99
ATLAS Crystal Filters

5.595-2.7/8/1LSB, 5.595~2.7/LSB

8 pole 2.7KHz wide Upper sideband. Impedence 800chms 15pf In/800chms Opf out. 19,99
5.595-2.7/8/U, 5.595-2.7/USB

8 pole 2.7Khz wide Upper sideband. Impedence 800chms 15pf In/800ohms Opf out. 19.99
5.595~.500/4, 5.595-.500/4/CW

4 pole 500 cycles wide CW. Impedance 800chms 15pf In/800chms Opf out. 19,99
9.0USB/CW

6 pole 2.7KHz wide at 6dB. Impedance 680otms 7pf In/300ohms 8pf out. CW-1599Hz 19.99

KOKUSAI ELECTRIC CO, Mechanical Filter #MF-455-Z1./Z(-21H

455KHz at Center Frequency of 453.5KC, Carrier Frequency of 455KHz 2,36KC Bandwidth.
Upper sideband. (ZU) 19,99
lower sideband. (2L) 19.99

I I sy s T N R R SR R RIS S S LS 2R RZ S S RS R LR E SR LR R R A AR R AR A E

CRYSTAL FILTERS

NIKKO FX-07800C 7.3MHz $10.00
TEW FEC-103-2 10.6935MHz 10.00
SDK SCH-113A 11,2735MHz 10.00
TAMA TF-31H250 CF 3179.3KHz 19.99
TYCO/CD 001019880 10.7MHz 2pole 15KHz bandwidth 5,00
MOTOROLA 4884863801 11.7MHz 2pole 15KHz bandwidth 5.00
PTI 5350C 12MHz 2pole 15KHz bandwidth - 5.00
PTI 5426C 21.4MHz 2pole 15KHz bandwidth 5,00
PTI 1479 10.7MHz 8pole bardwidth 7,5KHz at 3dB, 5KHz at 6dB 20.00
COMTECH A10300 45MHz 2pole 15KHz bandwidth 6.00
FRC ERXF-15700 20.6MHz 36KHz wide 10.00
FILTECH 2131 CF 7.825MHz 10.00

L Y XSS EXZZE YRR SRR R SRR RS S SL R RS RE SRS R R RS R R R R R AR E R R E RS R R &

CERAMIC FILTERS

AXFL 4F449 12.6KC Bandpass Filter 3dB bandwidth 1.6KHz from 11.8-13.4KHz 10.00
CLEVITE TO-01A 455KHz+-2KHz bandwidth 4-7% at 3dB 5.00
TCF4-12D36A 450KHz+—1KHz bandwidth 6dB min 12KHz, 60dB max 36KHz 10.00
MURATA BFB455B 455KHz 2,50
BFB455L 455KHz 3.50
CFM455E 455KHz +-5.5KHz at 3dB , +-8KHz at 6dB , +-16KHz at 50dB 6.65
CFM455D 455KHz +-7KHz at 3dB , +-10KHz at 6dB , +-20KHz at 50dB 6.65
CFR455E 455KHz +5.5KHz at 3dB , +8KHz at 6dB , +-16KHz at 60dB 8,00
CFU455B 455KHz +-2KHz bandwidth +-15KHz at 64B, +-30KHz at 40dB 2.90
CFU455C 455KHz +~2KHz bandwidth +-12.5KHz at 6dB , +-24KHz at 40d4B 2,90
CFU455G 455KHz +1KHz bandwidth +-4.5KHz at 64B , +-10KHz at 40dB 2.90
CFU455H 455KHz +1KHz bandwidth +-3Klz at 64B , +-9KHz at 40dB 2,90
CFU4551 455KHz +~1KHz bandwidth +-2KHz at 6dB , +-6KHz at 40dB 2,90
CFW455D 455KHz +-10KHz at 6dB , +-20KHz at 40dB 2,90
CFW455H 455KHz +-3KHz at 6B , +-9KHz at 40d4dB 2.90
SFB455D 455KHz 2.50
SFD455D 455KHz +-2KHz , 3dB bandwidth 4,5KHz +-1KHz 5.00
SFE10.7MA 10.7MHz 280KHz +-50KHz at 3dB , 650KHz at 20dB 2,50
SFE10.7MS 10,7MHz 230KHz +-50KHz at 3dB , 570KHz at 20dB 2,50
SFG10.7MA 10.7MHz 10.00
NIPPON LF-B4/CFU455I  455KHz +-1KHz 2,90
LF~B6/CFU455H  455KHz +~1KHz 2,90
LF~B8 455KHz 2.90
IF-C18 455KHz 10.00
TOKIN CF455A/BFU455K 455KHz +-2KHz 5.00
MATSUSHIRA EFC-1455K 455KHz 7.00

HERRBRRBRRRARRRR R R R RS RE B RFERERRS BRI RBERBRARFFBRRBRRRDERBRBRDIRRERR RS RN RS

SPECTRA PHYSICS INC, Model 088 HeNe LASER TUBES

PCOWER OUTPUT 1.6MW, BEAM DIA, ,75MM BEAM DIR. 2.7MR 8KV STARTING VOLTAGE DC

68K OHM IWATT BALILAST 1000VDC +-100VDC At 3.7MA $59.99
ROTRON MUFFIN FANS Mcdel MARK4/MUZAL

115 VAC 14WATTS 50/60CPS IMPEDENCE PROTECTED-F 88CFM at 50CPS $7.99
105CEM at 60CPS TI'I'ESE ARE NEW TO" Free Numt)el' ‘“‘All parts may be new or

f t b
M z electroncy 805280180 e, e P, e
. (For orders on'y) if we are out of stock of an item.”
3802 North 27th Ave., Phoenix, AZ 85017 ,p,ccq 5yBJECT TO CHANGE WITHOUT NOTICE For information call: 602-265-0731
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RF TR

ANSISTORS

TYPE PRICE TYPE PRICE TYPE PRICE TYPE PRICE
2N1561 $25.00 2N5920 $ 70.00 40608 RCA $ 2.48  BFY90 $ 1.50
2N1562 25.00 2N5921 80.00 40673 RCA 2.50 BLW60CS 15.00
2N1692 25,00 2N5922 10.00 40894 RCA 1.00 BLX67 12.25
2N2857 1.55 2N5923 25.00 60247 RCA 25.00 BLX67C3 12,25
2N2857JAN 4,10 2N5941 23.00 61206 RCA 100.00 BLX93C3 22.21
2N2857JANTX 4,50 2N5942 40,00 62800A RCA 60.00 BLY87A 7.50
2N2876 13.50 2N5944 10,35 62803 RCA 100,00 BLY88C3 13.08
2N2947 18.35 2N5945 10.00 430414/3990RCA 50.00 BLY89C 13.00
2N2948 13.00 2N5946 12.00 3457159 RCA 20.00 BLY9O 45,00
2N2949 15.50 2N5947 9.20 3729685~2 RCA 75,00 BLY92 13,30
2N3118 5.00 2N6080 6.00 3729701-2 RCA 50,00 BLY94C 45.00
2N3119 4.00 2N6081 7.00 3753883 RCA 50.00 BLY351 10.00
2N3134 1.15 2N6082 9.00 615467-902 25.00 BLY568C/CF 30.00
2N3287 5.90 2N6083 9.50 615467-903 40,00 C2M70-28R 92.70
2N3288 4,40 2N6084 12.00 25C568 2.50 C25-28 57.00
2N3309 4,85 2N6094 11.00 25C¢703 36.00 C4005 2.50
2N3375 17.10 2N6095 12.00 2SC756A 7.50 CD1659 20,00
2N3478 2.13 2N6096 16.10 250781 2.80 CD1899 20.00
2N3553 1.55 2N6097 20.70 25C1018 1.00 CD1920 10,00
2N3553JAN 2.90 2N6105 21.00 25C1042 24,00 CD2188 18,00
2N3632 15.50 2N6136 21.85 25C1070 2,50 CD2545 24,00
2N3733 11.00 2N6166 40,24 25C1216 2,50 CD2664A 16.00
2N3818 5.00 2N6267 142,00 25C1239 2.50 CD3167 92.70
2N3866 1.30 2N6304 1.50 25C1251 24,00 CD3353 95,00
IN3866JAN 2,20 2N6368 30.00 28C1306 2.90  CD3435 26,30
2N3866JANTX 3.80 2N6439 55.31 28C1307 5.50 Cb3900 152,95
2N3866JANTXV 4,70 2N6459 18.00 23C14624 2.80 CM25-12 20.00
2N3866AJANTXV 5.30 2N6567 10.06 25€1600 5.00 CM40-12 27.90
2N3924 3,35 2N6603 13.50 25C1678 2,00 CM40-28 56.90
2N3926 16.10 2N6604 13.50 25C1729 32,40  CMESO0-12 30,00
2N3927 17.25 2N6679 44,00 25C1760 1.50 CTC2001 42.00
2N3948 1.75 2N6680 80.00 28C1909 4,00 CTC2005 55.00
2N3950 25,00 021-1 15.00 25C1945 10.00-  CTC3005 70.00
2N3959 3.85 01-80703T4 65.00 28C1946 40,00 CTC3460 20.00
2N4012 11.00 35C05 15.00 25C1947 10,00 DV2820S 25.00
2N4037 2.00 102-1 28.00 28C1970 2,50 DXL1003P70 22.00
2N4041 14.00 103-1 28.00 25C1974 4.00 DXL2001P70 16.00
2N4072 1.80 103-2 28.00 25C2166 5.50  DXL2002P70 14,00
2N4080 4.53 104P1 18.00 28C2237 32.00 DXL3501AP100F 47.00
2N4127 21.00 163P1 10.00 25C2695 47,00 EFJ4015 12,00
2N4416 2.25 181-3 15.00 A2X1698 POR EFJ4017 24,00
2N4427 1,25 210-2 10.00 A3-12 14,45  EFJ4021 24,00
2N4428 1.85 269-1 18.00 A50-12 24,00 EFJ4026 35.00
2N4430 11.80 281-1 15,00 A209 10.00  EN15745 20.00
2N4927 3.90 282-1 30.00 A283 6.00 FJ9540 16,00
2N4957 3.45 482 7.50 A283B 6.00  FSX52WF 58.00
2N4959 2.30 564-] 25.00 Al610 19.00 G65739 25,00
2N5016 18.40 698-3 15,00 AF102 2.50  G65386 25.00
2N5026 15.00 703-1 15.00 AFY12 2.50  GM0290A 2.50
2N5070 18.40 704 4,00 AR7115 20.00 HEP76 4.95
IN5090 13.80 709-2 11.00 AT41435-5 6.35 HEPS3002 11.40
2N5108 3.45 711 4,00 B2-82 10.70  HEPS3003 30.00
2N5109 1.70 733~2 15.00 B3-12 10.85 HEPS3005 10.00
2N5160 3,45 798-2 25,00 B12~12 15.70 HEPS3006 19.90
2N5177 21.62 3421 28.00 BALO204125 152,95 HEPS3007 25.00
IN5179 1.04 3683P 1 15,00 BF25-35 56.25 HEPS30Q10 11,34
2N5216 56.00 3992 25.00 B40~12 19.25 HF8003 10.00
2N5470 75.00 4164P 1 15.00 B70~12 55,00 HFET2204 112.00
2N5583 3.45 4243P 1 28.00 BF272A 2.50 HP35821 38.00
2N5589 9.77 4340P3 18.00 BF(85 2.50 HP35826B 32.00
2N5590 10.92 4387P1 27.50 BFR21 2.50 HP35826E 32.00
2N5591 13.80 7104~1 28.00 BFRS0 1.00 HP35831E 30.00
2N5596 99.00 7249-2 10.50 BFRI1 1,65 HP35832E 50.00
2N5636 12.00 7283-~1 37.50 BFR99 2.50 HP35833E 50.00
2N5637 15,50 7536~1 30.00 BFTI2 2.50 HP35859E 75.00
2N5641 12.42 7794~1 10.50 BFW16A 2.50 HP35866E 44,00
2N5642 14,03 7795 15.00 BFW17 2.50 HXTR2101 44,00
2N5643 25.50 7795~1 15.00 BFW92 1.50 HXTR3101 7.00
2N5645 13.80 7796~1 24.00 BFX44 2.50 HXTRS5101 31.00
2N5646 20.70 77971 36.00 BFX48 2.50 HXTR6104 68,00
2N5651 11,05 40081 RCA 5.00 BFX65 2.50 HXTR6105 31.00
2N5691 18.00 40279 RCA 10.00 BFX84 2.50 HXTR6106 33.00
2N5764 27.00 40280 RCA 4.62 BFX85 2.50 1310 1,00
2N5836 3.45 40281 RCA 10.00 BFX86 2.50  J0O2000 10.00
2N5842 8.45 40282 RCA 20.00 BFX89 1.00  J02001 25.00
2N5847 19.90 40290 RCA 2.80 BFY11 2.50  J04045 24.00
2N5849 20.00 40292 RCA 13.05 BFY18 2,50 KD5522 25.00
INS5913 3.25 40294 RCA 2,50 BFY19 2,50 KJ5522 25,00
2N5916 36.00 40341 RCA 21.00 BFY 39 2.50 M1106 13.75
Toll Free Number .., ... may ve new or PRICES SUBJECT TO CHANGE WITHOUT NOTICE
800_528_0180 surplus, and parts may be

substituted with comparable parts

if we are out of stock of an item.” W

For information call: 602-265-0731 .

z electromucy

(FOf orders °n|y) 3802 North 27th Ave., Phoenix, AZ 85017
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M1107
M1131
M1132
M1134
M9116
M9579
M9580
M9587
M9588
M9622
M9623
M9624
M9625
M9630
M9740
M9741
M9755
M9780
M9827
M9848
M9850
M9851
M9860
M9887
M9908
M9965
MM1500
MM1550
MM1552
MML553
MM1607
MM1614
MM1810
MM1810
MM1943
MM2608
MM3375A
MM4429
MM8000
MM8006
MMBO11
MPSU31
MRA2023-1.5
MRF134
MRF136
MRFL171
MRF208
MRF212
MRF221
MRF223
MRF224
MRF227
MRF230
MRF231
MRF232
MRF237
MRF238
MRF239
MRF245
MRF247
MRF304
MRF306
MRF313
MRF314
MRF315
MRF316
MRF317
MRF412
MRF420
MRF421
MRF422
MRF427
MRF428
MRF433
MRF449/A
MRF450/A
MRF452/A
MRF453/A
MRF454/A
MRF455/A

$16.75
5.15
7.25
13.40
29.10
6,00
7.95
7.00
5.20
5.95
7.95
9.95
15.95
14.00
27.90
27.90
16.00
5.50
11.00
35.00
13.50
20.00

25,00
10,00
50.00
50.00
8.45
10.00
15.00
15.00
1.80
5.00
17.10
10.00
1.15
2.30
25.00
1.01
42.50
10,50
16.00
35.00
11.50
16.10
10,00
13.00
13.50
3.45
2.00
10.00
12.07
3.15
13.80
17.25
35.65
31.00
36.00
50.00
11.15
29.21
28,86
55.43
63.94
18.00
20,12
25.00
38.00
17.25
63.00
12.07
12.65
14.37
17.00
18.40
20.12
16.00

Toll Free Number

800-528-0180

(For orders only)

RF TRANSISTORS (CONTINUED)

MRF458
MRF464
MRF466
MRF472
MRF475
MRF476
MRF477
MRF479
MRF492
MRF502
MRF503
MRF504
MRF509
MRF511
MRF515
MRF517
MRF525
MRF559
MRF587
MRF605
MRF618
MRF626
MRF628
MRF629
MRF641
MRF644
MRF646
MRF648
MRF816
MRF823
MRF846
MRF892
MRF894
MRF901 3 Lead
MRF90! 4 Lead
MRF902/2N6603JAN
MRF902B
MRF904
MRF905
MRF911
MRF965
MRF966
MRF1000MA
MRF1004M
MRF2001
MRF2005
MRF5176
MRF8004
MSC1720-12
MSC1821-3
MSC1821-10
MSC2001
MSC2010
MSC2223-10
MSC2302
MSC3000
MSC3001
MSC72002
MSC73001
MSC80064
M5C80091
MSCB80099
MSC80593
MSC80758
MSC82001
MSC82014
MSC82020M
MSC82030
MSC83001
MSC83003
MSC83005
MSC83026
MSC83303
MSC84900
MT4150
MT5126
MT5596 (2N)
MT5768(2N)
MT8762
NEO2136

“All parts may be new

$20.70
25.30
18.97
1.50
3.10
3.16
20,00
8.05
23.00
1.04
6.00
7.00
5.00
10.69
2.00
2.00
3.45
1.76
11.00
20.00
25.00
12.00
8.65
3.45
25,30
27.60
29.90
33.35
15.00
20.00
44,85
35.50
46.00
1.00
2.00
15.00
18.40
2.30
2.55
2.50
2,55
3.55
32.77
31.05
41.74
54.97
24,00
2,10
225.00
125,00
225.00
30.00
93.00
245.00
POR
35,00
38.00
POR
POR
35.00
10.00
3.00

99.00
95.00
25.00

2.00

or

surplus, and parts may be
substituted with comparable parts

if we are out of stock of an item.”
For information call: 602-265-0731

NEO2160ER
NE021350
NE13783
NE21889
NE57835
NE64360ER-A
NE64480 (B)
NE73436
NE77362ER
NE98260ER
PRT8637
PT3127A
PT3127B
PT3127C
PT3127D
PT3127E
PT3190
PT3194
PT3195
PT3537
PT4166E
PT4176D
PT4186B
PT4209
PT4209C/5645
PT4556
PT4570
PT4577
PT4590
PT4612
PT4628
PT4640
PT4642
PT5632
PT5749
PT6612
PT6619
PT6708
PT6709
PT6720
PT8510
PT8524
PT8609
PT8633
PT8639
PT8659
PT8679
PTB708
PT8709
PT8727
PT8731
PT8742
PT8787
PT8828
PT9700
PT9702
PT9783
PT9784
PT9790
PT31083
PT31962
PTX6680
RE3794
RE3789
RF35
RF85
RF110
$50~12
53006
$3007
53031
SCA3922
SCA3523
SD345
SD44S
SD1004G
SD1007
SD1007-2
SDL007-4
SD1007-5

M 2

3802 North 27th Ave., Phoenix, AZ 85017
PRICES SUBJECT TO CHANGE WITHOUT NOTICE

$100.00
5.30
61.00
43.00
5.70
100,00
94.00
2.50
100.00
106.00
25.00
5.00
5.00
20.00
20.00
20,00
20.00
20.00
20.00
7.80
20,00
25,00
5.00
25.00
25.00
24.60
7.50
20.00

29.00
25.00
19.10
25.00
25.00
25,00
25.00
16.50
32.70
56.00
20.00
20.00
20.00
25,00
25.00
16.00
17.50
21.00
23.80
15.00
10.00
22.00

5.00

5.00

5.00

5.00
15.00
15.00
15.00
15.00
15.00

SD1009
SD1009-2
SD1012
Sp1012-3
SD1012-5
5D1013
SD1013-3
SD1013-7
SDi016
SD1016-5
SD1018-4
SD1018-6
SD1018-7
SD1018~15
SD1020-5
SD1028
SD1030
SD1030~2
SD1040
SD1040~2
SD1040~4
SD1040-6
SD1043
SD1043-1
SD1045
SD1049~-1
5D1053
SD1057
SD1065
SD1068
SD1074~2
SD1074-4
SD1074-5
SD1076
SD1077
SD1077-4
SD1077-6
SD1078-6
SD1080-7
SD1080-8
SD1080-9
SD1084
SD1087
5D1088
Sp1088-8
SD1089-5
SD1090
SD1094
SD1095
SD1098-1
SD1100
SD1109
SD1115-2
Sp1115-3
SD1115-7
SD1116
SD1118
SD1119
SD1124
SD1132-1
SD1132-4
SD1133
SD1133-1
SD1134-1
SD1134-4
SD1134~-17
SD1135
SD1135-3
SD1136
SDI136-2
SD1143~1
SD1143~-3
SD1144
SD1145-5
SD1146
SD1147
SD1188
SD1189
SD1200
Sp1201-2

$15.00
15.00
10,00
10.00
10.00
10.00
10.00
10.00
15.00
15.00
13.00
13.00
13,00
13.00
10.00

4.00
15,00
15.00
15.00
10.00
24,00

1.50
15.00

electromacsg

More Details? CHECK —OFF Page 166
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E.F. JOHNSON' ROLLER INDUCTORS

NI-CAD BATTERY CHARGERS

MODEL 229-0201-01 MODEL 229-0202-01
$44.99 ¥ UNIVERSAL CHARGER $19.99

10UH at 3AMPS MAX.  $36.99  18UH at 5AMPS MAX,
*********************************‘k*****************

UNELCO,SEMCO,ARCO METAL CLAD MICA CAPACITORS

e sk T e ke e ek e ke e e e e e e vk ok ko e ke ke ke e

. Standard Size Micro Size
3.9 14 33 62 175 5 25
4.7 15 34 68 180 6 27
5 18 36 75 200 7 a3
5.1 20 38 80 220 8 36
6.8 22 39 82 240 ) 51
7 24 40 100 250 12 62
8.2 25 43 110 300 15
9.1 27 44 120 360 16
10 27.5 47 123 470 18
11 28 50 125 500 20
12 30 51 140 820 22
13 32 56 150 1000 24

*kexw*x*NOTE ALL VALUES LISTED IN PICO FARAD*#*#*kkk MALLORY CHARGER $23.99

PRICE INFORMATION
1 to 10 $ .90ea. 11 to 51 $.80ea. 52 to 102 $.70ea.

103 and up call
dhkkhkkkhkkhkkhkhhkhkhkhhkrhkhkhkhhkrkrkhhkhhhhkhrhhhkhhkhhkhhhkhhhhhd

GOULD NI-CAD BATTERIES
AA size 1.25v at 500mahr new a % 1.99
D size 1.25v at 4 AMPHR new h 7.49

GENERAL ELECTRIC NI1-CAD BATTERIES
AA size 1.25v at 500mahr new a 2,99
195194 3.75v at 100mahr  new 1.99
AA size 3.75v at 100mahr new 5 2.99
AA size pack of 10 12.5v

at 450mahr used a 5.99
Sub C Pack of 10 12.5v
at 2.5Amphr new ¢ 9.99 EVEREADY CHARGER $9.99

UNION CARBIDE NI-CAD BATTERIES
193817 3.75v at 225mahr new a 2.99

GLOBE GEL-CELL BATTERIES
2v at BAMPHR GC280 new g 5.99
12v at 20AMPHR GC12200 new 49,99
12v at 23AMPHR GC12300 new 54.99

EAGLE PICHER GEL-CELL BATTERIES
12v at 1.5AMPHR CF12V1.5 new 4 11.99

GATES SEALED RECHARGEABLE LEAD ACID BATTERIES AND PACKS
2v at 2.5AMPHR D Cell new b 5.99
8v at S5AMPHR 4 X Cell used f 14,99
12v at 2.5AMPHR 6 D Cells new £ 24.99
18v at 2.5AMPHR 9 D Cells new f 29.99

GENERAL ELECTRIC SEALED REACHARABLE LEAD ACID BATTERIES AND PACKS
6v at 2.5AMPHR 3 D Cells wused e 10.00
12v at 2.5AMPHR 6 D Cells used e 19,99
12v at 5AMPHR & X Cells used e 24.99

I‘***t**********i*ﬁl‘****ii*****itiitl‘*t*“*ii'tiit*iI‘l‘I‘*“I‘**R*****I‘*I‘i*itiii**i***t**"‘i’l‘tiittikt

Toll Free Number s s oy oo oo o ‘le electromnics

surplus, and r [+
800'528'01 80 MJIJ;HUIL‘U]\NIIF‘ c.FiJ?m'r:!aU.'::)ar'i
3802 North 27th Ave., Phoenix, AZ 85017

it we are out of stock of an item

(For orders only) For information call: 602-265-0731 PRICES SUBJECT TO CHANGE WITHOUT NOTICE

o Tl
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RF Transisto

BNC To Banana Plug Coax Cable RG-58 36 inch or BNC te N

"$7.99 or 2 For $13.99 or

10 For $50.00

L

vl
. “
| 11
5 _,_La‘-_ Amphenol
we X | Part # 316-10102-8
yib v y e ") 115Vac Type BNC DC to 3 GHz.
Tgn e C. . | : e
)
} . T. p [ p { §29.99
& I
% | R ] -

TERMS: DOMESTIC: Prapaid, COD of Cradi Card
FOREION. Prapais snly, US. Funds, Mossy Onder, of Canhies's Chack Only

.00’ Acceplible Dy telephons of mail Payment lrom custome: will e ty Cash, Money
Bl W Eannol Becapl parsonal chacks for CO0's COD s s shipped by ait only nd hiu Linited

COMFIRMING ORDERS: We would profer (hal contirming ofders not be senl after & Tekohone Ofder has teen placed If company
policy netedsilates a confitming ofoed, DIsasE mark FIRMING ™ bokdly on e orded 1| problems o duplicale shipeanly 0C
ol dhal 10 &N OFded whCh (8 Mol pIOpeMy Marked, the Customes will be hokd responsible hor aiy chaiges INCuied. phes & 15%
Ntock o

CREDIT CARDS: We are row acospling MASTERCARD, VIRA, AND AMEFICAN EXPRESS
DATA SHEETS: Whan wa have dais shests in s100k on devces we will iupply tham with (e crdet

DEFECTIVE MATERIALS: All claima for deloctive materials must te made within 30 DAYS afle receipl of fhe parcel All claima
Ml inchuck he detactive malerial (o lesling n-l'puui_': copy of our invosca, and & felun SulldAzalion numbs whech mus! be
abtained priod 10 shipeng Ihe marchandise back to ue. This can be oldained by (.lurxm B0V o sandting us @ osicad
Due 10 Manufacturer walrantios we are unable 10 ieplace o7 sy Cradit on items 2 L el
aitered in any way. All felurn ihems must be packed propedy o Il will wold il waranties We 00 ROl AsRima responsibility ot i
ping and handiing charges incurmed

DOrdee, o Casbiar's Chack We am sy
Parcel Servce

rgm On The relisrmed parts

DELIVERY: Ondors are usually shippad tha aama day Ny 828 paced of ife nesl business day, uniess we &ie oul of sloch oh #n
Fiam. The customer will be nolifked by post Gand i we &ie going 1o backorde: the iterm Our normal ahi mathod i UPS or US
Mail depanding on Sile of (e weghl of the peckage Tes! Equipment is shiposd only by 84 &nd is Irsight collect, uniess phod
anmangemanty e M erd sppooved

FOREIGN ORDERS: All horsign crders must e peepaid with & Cashier's Check. of Money Order made oul in US FUNDS ONLY
We are soumy bul G0 0 im not sveilatle to lormign countries &Ad letters of cradit are unacceptabie #s # lorm of peyment Furhe:
Idormation (8 wvmiiabie on reguest

HOURS: Monday thru Friday 830 am. 1o 800 pm Satisers 30 s.m to 400 pm

INSURANCE: Piosss include 2% ot sach sdditional $100.00 over §100.00, UPS ONLY . All Insured packages ars shipped thru UPS
oy I you with fo have i shinged through Tha poat ciics e in o §3.00 les which is saditional io the shipgeng. handking asd in
Surance

OPEN ACCOUNTE: We regret that ww do not (e open scoounls

ORDER FORMS: Narw Orcer Iotma are inchaded with sach onder for your conikence AdOilional ofder foms are available on
Tequest

PARTS: We roserve the right 1o substitute of replace any item with a part of equal or comparable

apacification

Al
surplus

electronscy

3802 North 27th Ave., Phoenix, AZ 85017

rs (co

$8.99 or

ntinued)

a2 ]

Coax Cable RG-58 16 inch.
2 For 515,99 or 10 For $60.00 a 3
COAXTAL RELAY SWITCHES SPDT
FXR FXR
Part # 300-11182 Parc & 300-11173
120Vac Type BNC DC to 4 GHz 120Vac Type BNC Same
FSN 5985-5473-1225 FSN 59B5-5471- 1850
5$19.99 539.99
POSTAGE: in the US., Canada, and Mexico is $3.00 for ground ship-

and
ments, all other countries is ﬁsﬂ Alf rales are available at the lime of your ordar, All foreign orders
gloase include 25% of the ordered amount for sShipping and handling C.OD's ate shipped AIR
NLY

PREPAID ORDERAS: Orders must be accompanied by a check
PRICES: Pricos are subject 1o change without nolice
PURCHASE ORDERS: We accept purchase orders only when they are sccompanied by a check

RESTOCK CHARGES: Il parts are returned 1o MHZ ELECTRONICS, INC. dus to customer error, 1he
customer will be held responsible for all Tees Incurred and will ba charged a 15% RESTOCK
CHARGE with the remainder in CREDIT ONLY, The following must accompany any retutn; A copy of
our invoice, return authorization number which must b lor to shipping the

back Aeturns must be done within 10 DAYS of receipt of parcel. Return authorization numbars can
be obtained by calling (602) 2428916 of notitying us by post card. Return authorlzations will not be
given out on our BOO numiber

SALES TAX: ARIZONA resigents must aod 8% sales lax, unless a mgnad ARIZONA resale tax card
is curteéntly on file with us. All orders placed by persons oulside of ARIZONA, but delivered 10 par
sona in ARIZONA are subject to the 6% sales lax

SHORTAGE OR DAMAGE: All claims for shodtages or damages must be made within & DAYS ol
receipl of parcel. Glaims must include a copy of our invoice, along with a relurn suthorization
number which can be obtained by contacting us at (B02) 24288916 of undln? a posi card. Authoriza
tiona cannol ba on our BOO number. All items must ba properly packed. If items are not properly
packed make sure 10 contact the carrier 80 thal they can coma out and inspact the package beform
it I returned to us. Customars which do not notity us within this time period will be held responsible
Tor ihe entine orded as we will considar the ordar complola,

OUR 800 NUMBER 1S STRICTLY FOR ORDERS ONLY (800) 528-0160. INFORMATION CALLS ARE
TAKEN ON (602) 2428916 or (602) 242-3037

=y | For information call: 602-265-0731

parts may be new of

and parls
substituted with comparable paris
it we are out of stock of an item.”

Toll Free Number
800-528-0180
(For orders only)

PRICES SUBJECT TO CHANGE WITHOUT NOTICE

may be

More Details? CHECK — OFF Page 166
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ﬂ
>4 ‘ ENGINEERING CONSULTING
wl! INTRODUCES

'REMOTE A PAD*"
MODEL RAP-1

H

- MODEL TTK -

$22.95

2 FOUR DIGIT DTMF
DECODERS, PLUS1EDIGIT
KEYPAD CONTROL

TUNE THE WORLD FROM
YOURHANDHELD VHF/UHFRADIO

WIRED & TESTED
= MODEL TSD -

® Mpkes excellent private call on busy repeaters!

Madel RAP-1
$149.95 .
‘Remote A Pad"
Remaote control
mterfoce board e '

and DTMF & D
decoder

IcCOomM IC-02AT USER'S
"AUDIO BLASTER "MODULE

® Lse it to Lurn on
® Momentary

® Fits inside most rigs runs
® Over 1500 different codes!

audio or sound an
and latching outputs

wivtd 1 MastarCard and Visa accepted or send checko'M O
= Cal address add 6% price includes shupping USA Send L

ENGINEERING CONSULTING
583 CANDLEWOOD ST., BREA, CA 92621

DECODER KIT

551 201 DTMF Recewer
RAeceive all 16 DTMF digits
No additional filtering
Output BCD or hex format
Low power [29ma @ 12V)
Kit includes 3 58Mh; crystal
22 pin IC socket resistor
capacitors data sheet

and schematics

Completely wired & tested
User programable

LED status indicator

Open collector output
Contral relays mute audio
Cantrol ink gn/off
Custom IC insures high
relability & small size'

on 12 VDC [35ma)

alarm

w 203

TEL: 714-671-2009

ENGINEERING CONSULTING
INTRODUCES

TOUCHTONE™ DTMF
to RS-232-C
300 BAUD INTERFACE

LT}

ORT
! A,
! | meemanc
DAR-Y
TOUCH TONER
® Use your computer to decode DTMF touchto
® Recewe sl "Edigits aslast as they can be transr
your computar in BASIC toneco L
g'ts sound alarms abserve
. ays remate base

® Sir t ae +12 VOC and a

ASIC program and beg:
pgram and instructions in

"Decode-A- Pld"
£89.95

".’Ioce- DAP-1

ENGINEERING CQNBULTINB
BB3 CANDLEWOOD BT, BREA, CA SRBE1
714 /6871-2008

Now Availabl
for IC-2AT

mosel 261 $19.95

Price includes postage and handling, US A CA res add 6%

ENGINEERING CONSULTING

583 CANDLEWOOD ST., BREA, CA 92621
(714) 671-2008

license

[l AR-LG

NOW INCLUDES ANSWERS TO FCC/VEC EXAM QUESTIONS

ARRL LICENSE MANUAL

Here's the latest up-to-date hr.ensm% guide from the ARRL Plenty of theory and
detailed explanations take most of

e pain out of studying to upgrade your

© 1984 BOth edition 216 pages

Softbound $4.00

Please add $2 shipping & handling

HAM RADIO’S BOOKSTORE
Greenville, NH 03048

] AVAILABLE
NOW

THE 1985
ARRL
HANDBOOK

s R L

et L AHRL'—“——

tion, 414 pages

SAM’S COOKBOOKS

MODERN DICTIONARY OF ELECTRONICS —
6th Edition by Rudolf Grat

This book should be in very ham's library. It has over 20,000 terms umque lo electromcs
and other closely related fhields 3000 additions to the 5th edition and twice the size ol
the 1si editon! From A or angstrom to zoom lens, you'll find it in this updated dic
honaré 6th edition, <1984, 1152 pages

CMOS COOKBOOK by Don Lancaster

CMOS 15 today's state-ol-the-art! I1's low cost. widely avadable and uses an absolute
minimum of power. 1S also fun 1o work with and very easy 10 use. The CMOS
Cookbook 15 written to help you use CMOS and 1s chock-full of practical circuits and does
not dweil on math or heavy theory. Projects include high-performance op-amps, TV type
writer, digital instruments, music synthesizers, wideo games and more

Hardbound $39.95

1977, st edi

Softbound $13.95

1. It's BRAND NEW
2. It's BIGGER. Over 1024 pages.

available
6. Get your copy TODAY.

ham, -
radio....

Greenwlie NH 03048

$15.00

(plus $3.50 shipping)

3. It's EXPANDED. Covers everything from basic
electronics to esorteric radio gear.

4. It's chockfull of NEW PROJECTS.

5. It's the MOST COMPLETE reference text

ZZ& ORDER YOURS TODAY @@

BOOKSTORE

Prices US funds only

152 May 1985

IC OP AMP COOKBOOK by Walter Jung

This second edition is broadly updated in terms of dewice coverage It includes the lates!
in state-of-the-art developments such as J Fet and MosFet in both single and multiple
formats, This cookbook is edited into three basic parts. Part | introduces the IC op amp
and discusses general considerations. Part Il covers practical circuit apphcations Part 1
15 an appendix consisting of manufacturer's data sheels and other pertinent information
You'll hind a wealth of ntormation, as well as over 200 prachcal circult apphcations

1980, 2nd edition, 480 pages
121695 Softbound $15.95

TTL COOKBOOK by Don Lancaster

Despite the advent of CMOS, there s shill design work being done with TTL circuitry

This book gives you a broad overview of exactly what TTL is, how il works and is full of
design ideas and practical circuits. Areas that receive attention include: fhp-fops, clocked
logic, counters, counting lechniques, noise generators and much more. You also gel a
complete discussion of practical TTL applications including digital counter, events count
er, slopwaich and voltmeter 1o name just a few 1974, 1s1 editon, 333 pages

121035 Softbound $12.95

Please enclose $3.50 for shipping and handling

Ham Radio’s Bookstore

Greenville, NH 03048

=




@m KENWOOD YAESU

Regular SALE
$1399 00 Call
$ 99900 Call

T5-9305/AT
T5-930A

IC-761 9-band Xevr/ 1-30 MHz Revr
IC-745 9-band Xcvi/ 1-30 MHz Rovr

IC-271h 100w 2m FM/SSB/CW Xcvr $899 Call

IC-271A 25w 2m FM/SSB/CW Xcvr $699 UDE:IIE

IC-4T1A 10wa30-450 SSB/CW/FM Xcvr $799 Uﬂtall:
-m

IC-02AT Call
IC-04AT Call
IC-2AT Call
IC-3AT Call
IC-4AT Call

| SALE!!

NEW RTTY/CW
COMPUTER
INTERFACES

sALE $899% casH
HAL CWR-6850

sALE *699% casH

Regular SALE
$179900 Call
$159900 Call

Regular SALE
$165900 Can

Call

$ 89900 Call

TR-2600A Call

TH-21A  Call @

P b FT-209RH Call
off

4

w

(&)

FT-709RH Call
FT-203 RH Ccall
FT-103R Call
FT-703R Call

TH-21AT Call &
TH-41A  Call 6%

TH-41AT Call ££

RG-8800
ENERAL
OVER RCVR

F
G
c

AMERITRON
AL-80

MIRAIEE

AMPLIFIER
SAL

IC-471H
List $1099

List $995

LIMITED QUANTITY!

Calif. Call
Collect
for Order

ANTI-STATIC DUST COVERS

for New & Old Model Amateur Radios, Computers, Disk Drives
also Custom Made. Over 1 Million in use. Send for Brochure

Radio Covers Available

Alpha Hallicrafters ICOM Panasonic
Bearcat Heath Kenwood Raobot
Collins  Henry . MJF Swan
Dentron Ten-Tec
Drake Yaesu

e

BIRCH HILL SALES. P.O Box 129
Milford, NH 03055 Tel. (603) 673-8907

®AMATEUR €TWO WAY @MARINE
O®CELLULAR MOBILE PHONE®SCANNER

* Free U.P.S. Cash Order
(Most Item, Most Place)

* Shoppers, call us last, save $$
+ SE HABLA ESPANOL

PACKET RADIO
THRU SOFTWARE

AX.25 Protocol By Bob Richardson, WAUCH

Wil Hadio twl waye |1n\ 5 with 4 soplesticated "black
st hike a “black box ' By

You can get on Pa
box Ih rn I 1% |. rnmnu yOur Comg
gramming it w & high level 1
machine fang ;\ e )r Warm lod 1
it (Model 4 works with M
s 1 aptens plus €
the process of selhng your coimg
o @ usie |1|I I||||| Al and then I
1984 Ted edilion

/% RE-AX Softbound $21.95
| - j PROGRAM NOW AVAILABLE IN DISK FORM
= RE-MI Model 1 Disk $29.00
Please add $3.50 RE-MIH Model 1l & 4 Disk §29.00
lor shrppmg RE-BD SPECIAL BOOK AND DISK $49.95
(Specily disc, Mod. | or Moad 1l SAVE §2

BOOKSTORE

(603) 876-1441

adlo..w.,..

GREENVILLE. NH 03048




MOSLEY...A Better Antenna...
VOLUNTEER For New and 0ld

EXAMINATION "EASY ASSEMBLY "2 YEAR WARRANTY

“NO MEASURING *LOW SWR
*ALL STAINLESS HARDWARE *BUILT TO LAST

MOSLEY...A BETTER ANTENNA...
Antennas For 40 Meters...

*ALL STAINLESS HARDWARE
*NO MEASURING *BROAD BAND WIDTH
*2 YEAR WARRANTY *BUILT TO LAST

*5 KW P.E.P. *NO BALUN NEEDED

“ ™ » .

M e A AATIIA
S

CreE

S401 M

Easy as... 1 - 5-401 M_ A 40 Meter Rotatable
Dipole which gives you excellent bandwiath and
performance. MOSLEY's S5-401 M I the best 40

Meter Dipole ever bullt. Al stainless hardware is * Novice Class O&A Test Guide Package 5995
standard, We have made It even stronger than * Technician Class Q8A Tesl Guide 19.95
before! We have added 2 extra Insulator blocks ¢ Advanced Glass OEA Test Gusde 19.95
and 2 leel more rectangle. The center of the * Extra Class OXA Test Guide 1995
e SR s 5 wpm Novice 050 Test Preparation Tape 995 : pocimt
elements are reinforced with an unbreakable e 57 wpm Speed Builder 9% Tri-Bande
non-conductive rod which makes il just aboul in- ® 710 wpm Speed Builder 905 electronically oulperform 1
destructable. Our link coupled feed system pfo- ® 10 wpm Plateau Breaker 0SOs 905 e n am: with himite
vides for an elficient match which enables you to ® 10-12 wpm Speed Builder 905 book y
direct feed the antenna with no need for a balun * 1215 wpm Calls & Numbers Speed Builder 995 Youc
This is why we give a 2 year warranty on parts * 1315 wpm Handom Code Practice 995
material, and workmanship * 13 wpm General Class QS0 Test Prep Tape 995
* 1315 wpm Speed Builder 995
® 1517 wpm Speed Builder 905
® 17-19 wpm Speed Builder 9%
* 20-22 wpm Random Code Practice 995
* 20 wpm Extra Class QS0 Test Prep Tape 395

Test Guides Updated to New 85 Questions and
Answers

* Siow Code Tapes Use 13 wpm Character Speed
* We Ship First Class Mail. Same Day

2 - Our 5-402 M is now on a 24 foo! boom and * Add $300 postage & handling for Test Guides

has all of the new Improved structural changes 50¢ P&H for each tape
This antenna will give you years of outstanding * 100°% SATISFACTION OR MONEY BACK  +»~ 205

mechanical and electrical performance in any

climate. We feel this is the bes! performing GORDON WEST RADIO SCHOOL
maintenance free, 2 element 40 Meter beam buill 2414 COLLEGE DR., COSTA MESA, CA 92628
anywhere in the world. Check it oul' We believe
you will agree. The elements are heavier con
structed than other brands. and only reduce

1 1/8 x 058 wall at their ends. Compare this to
the other manufacturers. The 5-402 M also
comes with aur 2 year warranty!

Mon.-Frl. 10-4pm (714) 549-5000

For the ham
the P i

3 - The 5-40% is the killer ol the three models AR RL ed. high
This antenna gives you full size performance and in our line
Is built to tast Our 36 fool boom IS made out of
2" x 104 wall with @ 24 toot sleeve of 1.785 x TEcH GENERAL
125 wall. This gives you a wall thickness of -

over 24 fest of the boom. The S-403 is

lo give you the bes! fronl to back and for- LICENSE MAN UAL

ward gain, It will give you the whole 40 Meter
band fo chase DX or rag chew. Our S-403 also

comes wilh our 2 year warranly Wrillen in an easy to read and

Il you are a new ham and are nol familiar with s e .
MOSLEY, ask an olger ham about us or call the Undersulnd SIWE. {hjs IS the gulde

Compare

gel the s
Tri-Banders

It you are a new ham and are not familiar w

PRESIDENT of MOSLEY. He wil be gld 1o e you need for your Tech/General NS, 8K 1 Ghchr am SoLy
la d MOSLEY Is A ANTENNA 5 s A

PASTAITY SRS KA G A studying. FCC questions with com-

These and other F.i[_l.":'.[[g‘ﬁur[{:lut:a are available plete answers ©1985. 1st edition. : g
through your favorite DEALER  Or write or call - through your favorite DEALE
MOSLEY for the DEALER nearest you ! ]ﬁH.TG su“hound 35‘00 MOSLE vlm the DEALER neare

Please add $2 50 for shipping and handling

M./, =

1344 BAUR BLYD

r3dio.. BOOKSTORE

Greenville, NH 03048

IR BILVD ST LOWS. MISSOURI 63132

- - -T872 . -325-4016
1-314-094-7672 1-800-325-4016 1-314-994-767 1:800-3

_— —
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KENWOQOD

iv TR-2600

2 SWI300 mW
(Swilchable) 2 Meter
Handheld Transceiver

(l ) Readout = Ten

TS-4308 Hevameaies ©m

= CGaneral Covwerage Hecema
U‘SHH‘-BIMMKMM I FM = 10MH:
Du: u Siop ()-m wm f gh 1 Mes
wil Ahwm Bac My A |H 1
g

Top of the Line
HF Transceiver

TS 930S

i enna o+ Dual
Mamones El*Md Nonse B

S
..........‘....................................l...

YAESU | * YAESU YAESU

FT-209RH
& Watts
. 10Memo¢|e=
«LCD
FT-757 GX G
Compact General-Cover -qe Receiver CAT SYSTEM - Compnlom.a.q Transceiver
= Grrwer - Cowri e Aine « YWHF FM = Whde Dynan Hdilq“ O{Jnm-m:
L'\:l‘ Hl‘\ﬂéi(w;ml:dlM [J Ir\c'H ) « 1441430 MHZ E,rt;‘_l:rat:l;’ltmN:l‘.i‘:;ill.[hw “uw}.m
SO fw\"l: :' n_wa‘-,-. uded = 25 WATTS CWISSEAMIT MIF S

a(icoMm faicom  [ERAICOM

L. C-02AT Wiles

IC-R71A 2‘..":.':‘..‘"‘""

The WC-AN n 00K H: 30 MHZ super
'.j'd(l"‘ Qeneral cove th ~L¢ vt lealu
SO m (L 3 O+

ourassociatTe  FLOYD ELECTRONICS

STORE IN THE 2213 VANDALIA COLLINSVILLE, ILL 62234
S LM AR CALL 618-345-6448

CALL FOR SPECIAL SALE PRICES

* BUTTERNUT * HYGAIN * MFJ
* ASTRON *« CENTURION * ICOM * MICROLOG

* AVANTI » CES » KANTRONICS * MIRAGE
* AZDEN « COMM SPEC » KENWOOD « SANTEC

cB&W
+ BEARCAT CUSHCRAFT * KLM « VANGORDON

BE R » DAIWA * LARSEN * WELZ
¥ NG e HUSTLER « YAESU

CALL TOLL FREE 1-800-821-7323 i ci. wissounisirso

MASTERCARD, VISA & C.0.D.'s WELCOME 816-741-8118




TOUCH-TONE DECODER SALE!

SSI1-202P CMOS
WE OVER PURCHASED

Our over supply can be your gain.
We’'ve just got to try and get even so we are going to let our ham friends
share in some of these great circuits, for a great price.
FEATURES

* Central office quality e Qutput in either 4-bit hexadecimal code or binary

= Band-splitting filters included on chip coded 2 of 8. Use 74159 decoder for 1 of 16 output

* Single, low-tolerance, 5-volt supply * Uses inexpensive 3.579545-MHz color-burst crystal for
* Detects either 12 or 16 standard DTMF digits reference (Radio Shack P/N 272-1310 $1.69)

* 18-pin DIP package » Excellent speech immunity

All you need is a color-burst XTAL from Radio Shack & 1 meg resistor to make a C.O. Quality Touch Tone decoder
SS1-202 is a 5V part and unlike the older 201 is TTL compatible and will directly interface to personal computers.

These won't last long and are limited to available supply, so HURRY!!

$1 INCLUDING SPECS. & SCHEMATICS
In Wash. add 7.9% sales tax

'_-_-_ |
R.M. FULLER CO. e
902 Industry Dr., Seattle, WA 98188 ——

1-800-626-6662 oterd

i In Wash. Call (206) 575-8640

The RF Wattmeter Model 81000-A from Coaxial Dynamics, Inc.
does more than provide accurate rf measurements. Testing of

compnnunlsmmealunmwnpmblmmdmn

pment performance.
MNﬂMWMMmﬂIthﬂF
Wattmeter (pictured here), with its optional carrying case and
an array of elements and
accessories. Coaxial
Dynamics elements can be
purchased separately for

use in other manufac-
h.rrurswm For
more information on the
81000-A Wattmeter or any
of the complete line of
Coaxial Dynamics RF
produchandut‘llm

ic:luc

SEE US AT
OUR BOOTH
IN DAYTON

15210 Industrial Parkway, Cleveland, OH 44135 » (216) 267-2233
Oulside Ohio, WATS: (800) Coaxial, Telex: 980-630




products

new |IC-735 HF transceiver

ICOM has announced the 1C-735 ultra com-
pact all-ham band HF transceiver and general
coverage receiver, said to be the most compact
and advanced HF SSB unit on the market,
Measuring only 3.7 inches high by 9.5 inches
wide by 9 inches deep, the IC-735 is suited for
mobile, marine, or base station operation.

To enhance receiver performance, the IC-735
has built-in receiver attenuator and preamp. It
also has a 105-dB dynamic range and a new low-
noise phase locked loop for rock-solid reception.

The IC-735 features a large LCD readout and
conveniently located controls that allow simple
operation, even in the mobile environment. VOX
controls, mic gain, and other infrequently
changed controls are kept out of sight behind
a hatch cover on the front panel of the radio,
but are immediately accessible.

Other standard features included at no addi
tional cost are: built-in FM, a 500-Hz CW filter
(FL-32), an electronic CW keyer, an HM-12 scan
ning mic, FM/CW/LSB/USB/AM (TX and RX).
12 tunable memories with lithium memory
backup, and both program and memaory scan.
Adjustable AGC, automatic SSB selection by
band, an RF speech processor, and 12 volt oper
ation are also standard. Output power is continu
ously adjustable up to 100 watts.

A new line of accessories, including the AT
120 automatic programmable antenna tuner and
the PS-55 power supply, will also be available.
The 1C-735 is also compatible with most of
ICOM's existing line of HF accessories.

The IC-735 will be available in May, 1985, and
pricing will be announced the end of April. The
1C-735 will be displayed at the Dayton Hamfest.

For additional information, contact ICOM
America, Inc,, 2380-116th Avenue, N. E.,
Bellevue, Washington 98004.

Circle £301 on Reader Service Card.

PV voltage regulators

Photocomm, Inc., of Scottsdale, Arizona, has
announced new design features on its Power
Control Series voltage regulators for photovoltaic
applications.

A removable printed circuit board has been
incorporated to simplify servicing and repairs;
spare boards can also be purchased separately
These regulators now have a 30-amp load hand
ling capability that allows for up to 12 40-watt
solar modules in parallel to be controlled simul
taneously. This benefit helps to lower overall
system cost by using fewer regulators.

Standard features include temperature com-
pensation, low voltage disconnect, analog meter
package, transient protection and adjustable
voltage setpoints, The controller is housed in a
NEMA 3R weather-proof enclosure. 12 and 24
volt units are available off the shelf; other voltage
units (36, 48, and 120 volts) can be provided
upon request. Special options include Array
Power Diversion, Manual Array Switching and
a Severe Environment Package.

For further information, contact Photocomm,
Inc., 7735 E. Redfield Road, Scottsdale, Arizona
85260,

Circle #302 on Reader Service Card

multi-mode tuning indicator

Get on frequency quickly and accurately with
the new HAL SPT-1 "Spectra-Tune" multi-mode
tuning indicator. The SPT-1 may be used in the
following modes of operation: RTTY (high tones)
and RTTY (low tones}, Fascimile (FAX), Slow
Scan Television (SSTV) and Morse Code (CW),

The frequency spectra of the received signal is
displayed on a calibrated linear 40-segment red
LED bar graph. The front panel calibration con
trol allows the selection of which 1000 Hz range

MADISON

Electronics Supply

1508 McKinney
Houston, Texas 77010
Call for Quotes
743-658-0268

EQUIPMENT

KENWOOD - We stock the KENWOOD line including the
new products The T5-711A 2 meter all moda, the T5-841A
70cm all mode and the T5-470 all mode for 40, 15, 10
and & metars These new rigs match the T5-4308 ana
make beoulitul additions o anhy shack We alio have
the new litle hand-held rigs. the TH-21AT and THa4.AT
CALL FOR PRICES

KENWOOD SWL R-2000. R-1000, R-600 & k11 CALL

KENWOOD T5-2305 ond T5-4305 SALL
ICOM 20995
YAES -] CALL
MIRAGE AMPS Iy e
DENTRON GLTA000 KW PEP tuner 17495
ICOM R TIA 649 95
CES 510 SA SMART PATCH 349 95

SPECIAL

KENWOOD TR-2600A

SPARE PB-26 BATTERY PACK

REE with
HMC-1 HEADSH $19.95

urchaso
h TR-2600A purchase

ACCES!OIIIES
! aulo digitol mullimeter

NEW METERS
e fapes (greal

ANTENNAS
[,, RKER & WILLIAMSON Antenno
Y 80 & 4

f

5 sfock

NEW

WM. NYE MB-V-A TUNER

JKW. rating. back it maters,
RMS reading lo 3KW, better shielding,
higher vollage caps.
LIST $585.00 SALE 550‘9 OO

NEW! NEW! NEW!

AEA CP-100 INTERFACE

IMPROVED FILTERING & FEATURES
ST $369.9 SALE $319.95
TRADE IN YOUR CPI call tor detalls

USED AEA CPA4 '}*.rar.
POLICIES: MASTE 5A Gl
All prices FOB He
ject 1o change without ¢
gear sale prce retunded if r
subjact 1o sales lax

1-800-234-3057

¥l Jsea
of sahshied lexos reudents

w210
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COMPUTERIZE YOUR HAM SHACK
THE EASY WAY

Computer P rograms Program Listing
for 1) Demo 4) Contest and Duping

Amateur Radio ot Dinscicer 8 P
p General Contest Logger
2) Data Base Mgmt. qc

Loghook Fsreld Dat!rkLugEef

Radio Awards Data Base weepsiakes Logger

Setup Program for Awards Data Base Log Print
by Wayne Overbeck, N6NB Gridlocator 5) Antenna Programs
s Anterina Scaler
and Jim Steffen. KCGA 3) Ej{;&ﬂﬁ:&ﬂ.ongrrude Programs Antenna Matching Evaluator
Beamheading chart Vertical Pattern Plotter
. DX Display 6) To the Moon and Beyond

Wouldn't you like to use one of the popular. inexpensive home com- Sunrise Chart EME System Calculator

puters to handle a variety of your Amateur Radio chores? N6NB and Grayline Sky locator

KCEA have come up with a host of valuable computer progams and Sunrise Anywhere Moontracker

background information which are just the ticket to help you com DX Checker

puterize such duties as: logging. duping contest logs. awards record

K ing. calculati Gray | db head 5 f % K
oy T e e e e Aany  Program disks available for: IBM PC-DOS, Apple Il (DOS 3.3),

examples. You can either enter the programs from the book by hand
or you can buy the programs already loaded onto easy-to-use disks TRS-80 Model | and Ill and Commodore C-64.

for the four most popular home computers; C-64, TRS-80, Apple Il or HA-0657 Softbound $16.95

the IBM-PC. In fact. the complete package of this 367 big. page book - g o

and program disk costs no more than many of the game programs Proqram Disk Alone (No documentation included) $19.95
that your Kids are now using. Without a doubt, this Is the real bargain > .

in Amateur Radio software. See how much easier your home computer HA-0657 with disk SAVE $6.95 — 329.95
can make your hamming activities. © 1984 1st edition. 327 pages. (Please make sure you indicate which machine) (purchased separately $36.95)

C-64 + DX Edge = Fun

USE THE INEXPENSIVE COMMODORE C-64

Now generate your own Gravllne dlsplav

Now that Commodore has reduced the price of the C-64
computer to $150, there is little reason why you don't own
one for your ham station. Xantek has adapted their best
selling DX Edge to the computer world and it comes at a
very reasonable price. Just $34.95 brings into your ham
shack the ability to know and predict when and where DX
is going to appear. The DX Edge shows you the sun's path
across the earth. When you are using the program, the com-
puter will automatically update the information as the sun
progresses across the face of the Earth. To make the com-
puterized DX Edge even easier to use, the display is keyed
to the DXCC list and the 40 CQ zones. Disk and documenta-
tion are just $34.95. This is something you've GOT to
have! ©1985,

| XN-C64 $34.95

Please enclose $3.50 for shipping and handling. Prices U.S. Funds only.

radio....... BOOKSTORE & _

GREENVILLE, NH 03048 (603) 878-1441 v 217 S
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products

from 300 Hz to 3000 Hz is to be displayed. Best
of all, hookup is very simple — and audio input
line from the receiver/transceiver and a +12
VDC line are all that's required for operation. The
SPT-1 comes with a one-year limited warranty,

The SPT-1 Spectra Tune is priced at $169.00.

For more information, contact HAL Com
munications Corporation, P.0. Box 365,
Urbana, lllinois 61801.

Circle #303 on Reader Service Card.

KENPRO rotator products

The KENPRO brand line of rotators and
accessories — including the KR-400 and KR-500
pair of rotators for satellite and space communi
cations — are now available from Encomm, Inc.
Also available are the KR-600RC medium-duty
and the KR-2000RC heavy-duty units for use on
the U.S.A. voltage system.

For further details, contact Encomm, Inc.,
Suite 800, 2000 Avenue 'G’, Plano, Texas 75074,

Circle #304 on Reader Service Card.

VHF and UHF transmitter
and receiver modules

Hamtronics, Inc. recently announced com-
mercial versions of its popular high-band and
UHF FM transmitter and receiver modules, FCC
Type Accepted under parts 15, 22, 74, and 90.
The TA-51 VHF transmitter and the TA-451 UHF
transmitter are each capable of operating at 2
watts continuous duty and up to 3 watts inter-
mittent service. The companion R144 and R451
receivers feature high sensitivity and superior
front-end and IF selectivity, automatic frequency
control, and hysteresis squelch to lock onto drift-
ing or fading signals.

The Hamtronics™ transmitter and receiver
modules are supplied as printed circuit board
assemblies that can be housed in a variety of
ways and adapted to many applications. The
low-cost units are suitable for use in voice and
data links to replace phone lines, for remote con
trol, for wireless alarm systems, for telemetry,
for monitor receivers, and for many other appli
cations.

Other Hamtronics® products of interest include
202" type FSK modulators and demodulators
to provide digital data operation with FM trans
mitters and receivers, low-noise receiver pre-
amps, 806-MHz band scanner converters, VHF
AM receivers, repeater CORs, CWIDs, simplex
and duplex autopatches, DTMF control and
many other products related to VHF and UHF
transmission and reception.

For a copy of Hamtronics’ new 40-page
catalog, contact Hamtronics, Inc., 65-F Moul
Road, Hilton, New York 14468.9535. (For
overseas mailing, send $2 or 4 IRCs.)

Circle 118 on Reader Service Card.

WE SHIP WORLOWIDE

nar"’ “,E,!ectronics corp. [For the best buys in town cait]

D WIDE AMATEUR RADIO SINCE 1950 | 212-925-7000

Your one source for all Radio Equipment! Los Precios Mas Bajos en
= — Nueva York

wr KITTY SAYS WE ARE NOW OPEN 7 DAYS A WEEK
-~ Saturday & Sunday 10 to 5 P.M.

Monday Friday 9 1o 6:30 PM Thurs. to 8 PM
<, Come 1o Barry's lor the best buys in town

ONV Salety
b beltsin stock u ICOM
-.—‘ ICATIA G 151 10745 IC 2TAH IC3TA
" ICATA. K 2T 1AM, IC-3200A, |C-4714AH, 1C-T25

RCEIS 8]
FT-ONE, FT.980, FT-757GX  FRG 8800
SMART PATCH

Tempe M 1

R600, R 000, R-2000, TS840 SVAT
TS 4305, TR-3600A . TR 7950

CELLULARA '"PHONES

i .. A WELZ
TW-000A. Kenwodd ServicolRepat
TH21A141AT, TM 211N | FLUKE 77 Multimeter
411A & TSTIIABIIA NCG
TELEX PROCOM | 529~ pos J

ROCKWELLICOLLINS ...
KWM 380 ¥

VoCom/Mirage/Daiwa Large inveniory

Tokyo Hy Power Wire A Cable

Nye MBV.A 1 Kilowalt Tunes

Amplifiers & SANTEC
SIBLHT Gain AMERITRON AMPLIFIER AUTHORIZED DEALER ST 222008 il
Slaghe v O Yaesu FTR-2410, Wilson ‘: 5 ‘ i
ICOM IC-RP 3010 (440 MHz) ,is & A
ICOM IC-RP 1210 {1.2 GHz)
C 3 MFJ Modals :Lllu'H ]
Computer Intarfaces 422, 989, 1224 & 9410 :r:-?;.

AEA CP-1, PKT-1, DR.DX
CP-100, ATU, v QSO

stocked. MFJ.1224 ET.E

HAM MasterTapes — FWEIN-Y
Beta or VHS Tapes in slook
ALPHA AMPLIFIERS [ -

DIGITAL PREGUENCY © ¥ -

MICROLOG AIR |, Awr Dis

KANTRONICS
uTU, Imadace 1), Ch

EIMAC - ™ . oot laloX el ) =

35002 —L - s —

5728 6J5S6C Lowypmengy: Wi R oo

12BY7A & () Tk taw pe sk

44004 t BENCHER PADDLES ey
R - -

BALUNS, AUDIO FILTERS,

AEA 144 MHz BIRD ﬁ - IN STOCK

AEA 220 MHz Watimeters & * 7-' MIRAGE AMPLIFIERS .
AEA 440 MHz Elgments 158 = ASTRON POWER SUPPLIES HEWTENTEL:

ANTENNAS In Stock = DENTRON IS BACK IN STOCK! #5011, Cousmirs: Alguey I sarmivey

MAIL ALL ORDEAS TO BARRY ELECTRONICS CORP., 512 BROADWAY, NEW YORK CITY. NY 10012

ARGEST STOCKING Weo Stock AEA, ARML Alpha Ameco. Anfenna Specialisis, Asialic

New York City's E-Dur;'t:T?RE::I:T:;E:ND:;é::SES Astion. B & X, B & W. Bash Bencher. Bird. Butiemut. CDE, CES. Collins,
Communications Spec Conneclors, Covercrall, Cusheratt

Daiwa. Dentron, Digimas, Drake, ETO (Alpha) Eimac. Encomm, Heil
f oor | Sound, Henry, Hustler (Newtronics) My Gain, lcom, KLM. Kantronios
M Larsen, MCM (Daiwal. MFJ J W Miller, MiniProducts, Mirage
Newlionics. Nye Viking, Palomar, AF Products, Radio Amatew Calibook
Robol, Rockwell Collins. Sasion, Shue. Tajes, Tempa, Ten Tec
Tokyo Hi Power, Trionys TUBES, W2ALL Waber, Wilson, Yaesu Ham and
Commercial Radios. Vocom, Vibroples. Curtis, Tri Ex. Wacom Duplexers
Aepeaters, Phelps Dodge. Fanon Intercoms, Scanneds. Crystals | Radio
Fublicalions

WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS

“"“Aqul Se Habla Espanol'’
BARRY INTEANATIONAL TELEX 12 7671
MERCHANDISE TAKEN ON CONSIGNMENT Mt
FOR TOP PRICES

WAVE ANTENNASL CEIVERS

IRTLEX “Spring 51 Station —— EALER INGUIRIES INVITED PHONE IN YOUR ORDEA & BE AEIMBURSED
Subways BMT “Prince 51 Slalion i T '1__'5:] AL RADIOS sloched & sarsiced on pramisss
IND-“F" Train Bwy. Station Speechas Amateur Radio Courses Given On Our Premises, Call

Bus: Broadway #6 to Spring S1 Given
Path—81h St 8Eh Ave Stalion

Export Orders Shipped immediately. TELEX 12.-7870

LCH

» Fits inside most HF-SSB transceivers

« Requires human voice to activate

» |gnores static, noise and hetrodynes

= On/off switch only—no adjustments!

» Connects to audio leads and 9/12 VDC
+ Fully assembled and tested $99.95.

« Complete with comprehensive manual.

« Used worldwide in commercial and military
transceivers
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» 228
~ COMMUNICATIONS, 5479 Jetport, Tampa, FL 33614 ¢ (B13) 885-3996
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COMMODORE
ATTENTION “USER WIITTEN SOFIWARE-
Supporting all COMMODORE computaers
Written by usaers, for users
TECHNICIANS o o ST FoicRomn o
Our Latest Releases

C.64 Best Of Gamps

Porta-Tenna
VHF/UHF Telescopic 1/4 & 5/8

Wavelength Antennas for
Hand-Held Transceivers &

= C-64 Best O Educational Vic 20 Beu O ..-
Test Equipmen‘ T‘ﬂro_way Rad'o :. 1:-1 .‘.:‘-v.l-:\*l.lj |.:.-‘. . I He ;:.I. .-I.
P——— Technician Wanted | |
Trio-Kenwood Communications is seeking . STARTEI + D
BN R il S e an experienced technician to service state- Bulletin a‘“';:r :’;"._ ey =2
Ny o v T of-the-art Amateur Radio Communications S li“iinﬂo‘ R g
et 4 e T On equipment, HF-UHF. A qualified candidate Tapa/Disk $10.00 each por collaction  +* 229
196-224  144-UP  BNC conn. ad]. angls 785 should be currently experienced with PLL SERIAL CABLES DINGET T Reeet Switeh U LITE
196-814 220-225 BNC connector 5.95 synthesizers, mMicro processors, transis- PDI __ Program Manual  $10.00
torized RF, and must be able to service to . e ’{:';_'_*ff"gf;;;v;; o, 4
the component level G G s Add $5.00 T
5/8 WAVELENGTH We have a well-equipped service shop and o.us?r::g:n: ??:E:.,f::Df.:stc'?.'u',": o W
191-210 5/16-32 for old TEMPO  22.95 parts depariment. Our service manuals are " ite Por A PREE COROD. . ___
191214 BNC connector 19.95 acknowledged as the best in the industry. PUBLIC DOMAIN™, INC.
61219 7 PL-259w/M-359adpt.  22.95 We offer a competitive, comprehensive 5028 5 Rangalies Re. W, M, OH 45383
i } -32 for old TEM . . é e .
1NN i WEWE N IO, S benefits package. If you would like to work PRttt
191-040 440-450 5/16-32 for HT-220 22.95 with the industry's pace setter, contact: B 4 e v -
191-941 " 1/4-32 stud 22.95 To-Ke od s
191-944 " BNC connector 19.95 -RenNwo
sl SIGNAL GENERATOR
Largest Selection of Telescopic Anten- Communications
n:m-u\:rsite ﬂ:; lr;h- Pric:s arf ;Lor;:paid Attn: Service Department s'c';n?n%r
via to tates. For air delivery F
via UPS Blue add $2.25. Florida add 5% 1311 Weat Walnut Strest M tabered
sales tax. Payment by M.O. or Cashiers Compton, CA 90220
Check only. v 202  Covers 100 MHz to 199.999 MHz in

1 kHz steps with thumbwheel dial =
RF PROD Uc Ts \ KENWOOD Accuracy +/— 1 part per 10 million at all

frequencies = Internal FM adjustable from
.0. R ,F LU.S.A.
FO-Ea (gg;}lesgg?m?l.sszess - 0o 100 kHz at a 1 kHz rate » External FM

input accepts tones or voice * Spurs and
noise at least 60 dB below carrier * Qut-

put adjustable from 5-500 mV at 50 Ohms
e QOperates on 12 Vdc @ 2 Amp »
Available for immediate delivery » $429.95
delivered » Add-on accessories available
SAVE YOUR LIFE OR AN INJURY to extend freq range, add infinite resolu-
tion, AM, and a precision 120 dB attenuator
= (Call or write for.details = Phone in your
order for fast COD shipment.
- 231
VANGUARD LABS
196-23 Jamaica Ave., Hollis, NY 11423
hinged sections. etc.. are not intended 1o support Phone: (718) 468-2720 Mon. thru Thu.
the weight of a single man. Accidents have
installati d di " occured because individuals assume situa- s 5
nsiaifation and dismanti- ) tions are safe when they are not. w :
ing of towers is dangerous y SL 8 2 EEagg
and temporary guys of sufficient T A & ;695
strength and size should be used 2%¢ 7 3555‘5
at all times when individuals are Tun~ = | wB3ss
climbing towers during all types of >z ;I_ e =] 238
instailations or dismantlings. Temporary z35 3 Ez;_g
guys should be used on the first 10" or tower 239 ¢ 3 ¢§ it
during erection or dismantling. Dismantling s g - T4 2
can even be more dangerous since the condition o E S !..:E
of the tower, guys. anchors, and/or roof in many 55 5 2| x %
cases is unknown. a 0 = S A
The dismantling of some lowers should be done with - e s E-‘,
the use of a crane in order to minimize the possibility Paid for ] i3
of member, guy wire. anchor. or base failures. Used By the TQEC - -
towers in many cases are not as inexpensive as you N N21838 3
may think i you are injured or killed. Followmg. 8 ':_: TRe3 %
Gel professional, experienced help and read your ! _ ok = g
Rohn catalog or other tower manufaciurers’ catalogs R o H N ® E9 3w f ]
belore erecting or dismantling any tower. A consulta- oQus
tion with your ocal. professional tower erector would :’0' ’Borng:Jggﬁ Wz E . i
be very inexpensive Insurance. eona, Eg g 2
* g E o E
Skdod
160 [ May 1985
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A BETTER ANTENNA 290000 ®S

WHY SETTLE FOR LESS?
LOOK WHAT THE MOSLEY TA-33 OFFERS

3 Element full power

All stainless steel hardware
Ease of assembly

No balun required

Now a 2 year limited warranty
Now a standard 2'' mast adapter

Built to last

® Expandable to 30 or 40 meters
@ Superb front to back ratio
® Excellent gain

® Outstanding SWR

0. . 19 LAl Tt i
T A Wl owun 0 hs 21 208 22 NGB L) LK N4 N At B Rl M) Ni B N4 AT My Ay Mo F)

Frequency in MHz. Frequency in MHz. Frequency in MHz.

SPECIFICATIONS:

Forward gain ro the world

o ting "W aww Usetsarounc tus ALL MOSLEY ANTENNAS
SSB 2KW PE.P

Feedpoint Impedance 52 ohm AND CATALOGS AVAILABLE

VSWR HT Resonance 15 to 1 or better Work CW or phone AT QUALITY DEALERS

Matching System Mosley : .
without tuning or OR CALL TOLL FREE

Number of Elements 3

Longest Element 28' : :

el R adjusting antenna

Tur_mng Radius 156" 1 '800'325'401 6

Wind surface area (in. sq
ft.) 57 A great antenna This antenna is UPS shippable

Wind load 1
(EIA standard 80 mph) 114 Ibs for the new solid
Prices and specifications

Assembled Wt 39 Ibs '

bject to ch

Shipping Wt 44 |bs. state rigs subject o changs
obligation

REMEMBER WHETHER YOU USE TRAPS OR LINEAR LOADING, 8db GAIN IS 8db GAIN
YOUR RECEIVER CAN'T TELL THE DIFFERENCE MOSLEY . . TRAP MASTERS QUALITY STILL SETTING THE PACE

Motey) s s
1344 BAUR BOULEVARD ST. LOUIS, MO. 63132 1-314.994.7872

More Details? CHECK — OFF Page 166 May 1985 161




CALL TOLL FREE FOR QUOTES

1-800-328-0250

1-612-535-5050
«* (IN MINNESOTA-COLLECT)

YOU GET MORE “BANG FOR YOUR BUCK”™
AT TNT RADIO SALES!

I Kenwood i Mirage i MFJ i Welz

# lcom i KLM H Astron B Azden

I Bencher 0l Telex Hygain W Alpha/Delta 0 Santec

i AEA B Nye Viking N Bearcat i KDK

§ Kantronics N Larsen I Regency # Ameritron

SALES AND SERVICE AT PRICES YOU CAN AFFORD!
CALL OUR WATS LINE FOR LOW LOW PRICES!

SPECIAL OF THE MONTH: LARSEN MAG MOUNT 2M % PKG—$36.95

VISA/MASTER CARD — . S.A.S.E. FOR OUR ]
FREE SHIPPING e JE “BENCH-TESTED"' g‘,E’T’[‘JESk%?,W.Z’“éﬁENT”A" A
N MOST RIGS FOR CASH!

o] = USED EQUIPMENT LISTING
4124 West Broadway, Robbinsdale, MN 55422 (Mpls./St. Paul)

w21

here 1s the next generation Repeater

MARK 4CR The only repeaters and controllers

with REAL SPEECH!

Noiofiter repeaters of cortrollees mateh Create_messages just by talkfng. Speak any phrases}or
Mark 4 in capability and features. That's words in any languages or dialect and your own voice
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for

amateur and commercial repeater sites  emergency warnings, club news bulletins, and DX
around the world. Only Mark 4 gives you

Message Master real speech ¢ voice  2l€rts. Create unique ID and tail messages, and the
readout of received signal strength,  ultimate in a real speech user mailbox — only with a

deviation, and frequency error ® 4- Mark 4.
channel receiver voting ® clock time
announcements and function control e 7-

helical filter receiver ® extensive phone

patch functions. Unlike others, Mark 4

even includes power supply and a

handsome cabinet.

Call or write for specifications on the
repeater, controller, and receiver winners.

SEE US AT DAYTON
BOOTHS 225, 226 & 227
p MICRO CONTROL SPECIALTIES
Division of Kendecom Inc.
23 Elm Park, Groveland, MA 01834 (617) 372-3442

162 May 1985 - 222 Tell 'em you saw it in HAM RADIO!



accuracY IDIGIMAX PERFORMANCE

DiGiIMAX INSTRUMENTS CORP.

w223

7

ONLY ONE ANTENNA *y.~©
JBROTATION SYSTEM J§
ULY COMPLETE AND
LE TO INSTALL: THE

e DR10 System offers a compach
single conthQlunit with dual scale indicator;
single, eight-Wgagontrol cable interconnect”;
and will easily Hagdle a 50 pound balanced ,
antenna afray’an to 8 sq. feet of wind loagd

One _Bdfor.
_One Controller,
~ One Installation

SEE US AT BOOTH 272/273 AT DAYTON

The DR10 Dual Axis Antenna Rotor System
A New Concept in Drive Systems

DYNETIC 97 3TEMS

e 224

THE DR10

Moaore Details? CHECK — OFF Page 166

Call ofr Wnite for Maore Information
Dealer Inquires Invited

19128 Industnal Bivd
Elk River, MN 55330 (USA)
612-441-4303 Telex 756135
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May the Morse Be With You

NEW 15-940S HF Transceiver CALL
With General Coverage Receiver

TS5-9305 HF Transcever CALL
With General Coverage Recewver

305 HF Transcever SUPER SPECIAL
With Genaral Cin /

CALL

15 R30S Transcewver
160- 10 Meter With Fower Supply

TS-H305P 16010 Meter XCVR CALL
With Power Supply & Notch Filter

RECEIVERS

R-2000. R-600. A-1000, B-11
General Coverage Recevers

VHF/UHF

CaLl

TR-7950/7930
Z-meter Mobile Units

CALL
45 or 25 Watls

TH-8130 2m All-mode, 2% Walts

TS T1IA/TS-B11A
All-mode Transceivers
2m o T0cm mobile or base stahion

HANDHELDS

TR 26004 2m FM Transcever
With memones. LCD. scan

CALL
CALL

CALL

TH-21A. 21AT/ TH-41A_ 41A1 CALL
2m/ 70cm Ulra-compact FM Transceiver

ANTENNAS

CUSHCRAFT

. alament 10-15-20m
glement 1015
M3 10-15-20m Vertica Z
215WB FM 2m Boomers

M08 95
4%

2m ilum]r.\t.im]r‘f %5 50
AJ219 2m Boomer RO 4%
KLM
KI134A 4 element 10-15 20m 134 95
KT340A b element 1015 70m 479 95
Zm- 11X 11 -glement 2m 59 9%
2m-AGLBX 16-plement 2m oy 95
MOSLEY
2L-33 3-¢lement Triband Beam 265 95
TA-33 3-element 10-15-20m 239 95
Pro 37 7-element 10-15-20m 465 95

HUSTLER

6-BTV 10-80m Vertical with 30m 124 85

5-BTV 10-B0m Vertical 104 95
MOBILE RESONATORS Standard  Super
10 and 15 maler 10 95 16 95
20 meters 14 50 20 85
30 and 40 meters 16 95 22 95
15 meters 18 95 34 95
HY-GAIN |Limitea Stock)

3915 TH7DX 7-ple 10-15-20m 446 9%
3435 THS0X S-ele 10 15 20m 386 95
1955 Fxplorer 14 1015 a04 95

Order Hy-Gain tower, My-Gain anienna, &
My fian rotor — gef freg shiping on all

MORE ANTENNAS

AEA isopoles CALL
AVANTIHM 151 3G 2mon-glass 30 95
LARSEN [ M-150 %/8 Mag Mount 38 85

MINIGUAD HO 1 139 95
HUTTERNUT HEGY 10-80m Vert 114 95
FUROSCAR by Cosheratt & KLM - CALL

LOOK FOR US AT ROCHESTER, NY

HF TRANSCEIVERS

FT 980 CAT System 1439.00
AC Power Supply, Full Break-in CW
SSH/AM/FM/FSK, Speech Processor

FT 77 wilh mic SPECIAL 510 95
Compact HF XCVR

FT 757 HF XCVR with mic

769.95
with General Coverage RCVR
inciudes CW keyer, AM/FM, CW filter

SWL RECEIVER

NEW FRG BBO0 SWL Recelver 519,95
FRG 7700 Receiver Closeour 390 00
VHF Converlers, Active Antennas avallable

HANDHELDS

FT 209AH 2m HT Intro Special 299 95

FT 203 2m HT with TTP, VOX 22995

FT203 2m HT with VOX 1G9 a5
All accessories in s10Ck

VHFI/UHF

379 95

NEW FT 270RH 2m 45 watt
Veary small maobile fig

NEW FT 27D0HF 25-walt
Dyal-band 2m and 440

519 95

F1 726 For 2m 1719 45
(Optional modules for 6m, 430,440 MHz)
Great tor Satellite Work

TOWERS

Unarco-Rohn

Seli-supporting towers:
HBX40 40-1eet wilh Base
HEXAH 48 leet with Bas
HBXSH 56 leet with Base
HDBXA0 Higher load with Base 27

1749 9%

HOBX48 Higher lnad with Base 375 9t
(lther BX HBX, HDBX in stock

Guyed loldover lowers:

FR2958 58 feet. 256 CALL

FR4554 54-Teel i

456G CALL

Straight Sections:

200 Straight Section 37 ot
aight Section 48 8t
aght Section 11295

Complete Tower Packages AL

Call
Tor our
low prices

CABLE BY SAXTON

AB213 Ml Spec 2
RGA/ U Foam 95% Shield 25N
Bowire Rotalor 2 #18, 6 #22 17441
Mini- & 95% Shield 13N

CABLEWAVE HARDLINE Call

KENWOOD YAESU 3 1CoOM] IZ SANTEC |

HF TRANSCEIVERS

HANDHELDS

IC O2AT 2m HT, 10 Memonies CALL
IC D4AT 440 HT/ Touchtone 309 95
IC 2AT 2m HT/Touchlone 199 85
IC 3AT 220 MHz HT/Touchtane 229 95
IC 4AT 440 MHz H1/Touchtone 229 95
SWL RECEIVERS

R71 100KH2-J0MH2 629 .95

General Coverage Receiver

VHFIUHF

NEW IC 3200 2m/ 440 CALL
|G 271H 100-wall 2m XCVR 732 95
IC 274 Zm compact mobile 319 95

IC 290H 25-wi all-mode 2m XCVR 479 95

549 00
All-mode 2m Transcerver

HF TRANSCEIVERS

759 95
HF XCVR/Gen Cov RCVA

IC 751 HF XCVR/Gen Cov RCVR 117900

IC 745

With PS35 installed 129900
MARINE

M12 12-ch Programmable HT 219 95
M2 76 channel Synthesized HT 261 95

MEQ 25 watt all-channel Scanner 387 26
MBOC Commercial MBD 429 95
New M5 all-channal HT 32595

ACCESSORIES

BENCHER PADDLES
Biack / Chrome 37.95/47 95

ASTRON POWER SUPPLY

RSTA 45 95 RAS20M 104.95
RS1ZA £9 95 RSIGM 149 95
RS20A BB 95 VS20M 124 .95
RSISA 132 95 V535M 169 95
RS50A 189 95 RS50M 209 95
AEA KEYERS

CK-2 Contest Keyer 146 95
MM-2 Morsematic Keyer 172 9%
TELEX HEADPHONES

Procom 250 Headsel/ Mic 99.95
Procom 450 Headset/ Mic 49 95
MFJ PRODUCTS Call
B&W

375 B-posttion Coax Swilch 2250
376 S-position Coax Swilch 22 50
425 1 kW Low Pass Filler 25 50

DAIWAIMCM/J.W. MILLER
CN-520/CN-540 Meters  59.95/69 95

N 6208/ CN-630 Meters 106 00/126 00
CN-T20B 2kW HF Wall Meter 120.00
CNW- 419 Antenna Tuner SDOW 174 95
AMPHENOL

Connectors of all kinds in stock CALL
ROTATORS

Albance HOT3 94 9%
Kenpro KRS00 Elevation Rotator 185 95
Hy-Gain Ham IV 23 95
Hy-Gan Talwister T9X 278 95
Hy-Gan CO4511 145 95
Hy-Gain Heavy dauy 300 515 95

Huy an HF Baam and get an HO73 for $89

For Orders and Quotes Call Toll Free: 800-336-4799

Virginia Orders and Quotes Call Toll Free: 800-572-4201

v 2N

T

2199 .95

ST 142 Handheld 249 9%  MP1 3100 Message Processor
STLC Leather Case with Strap 34 95 516000 RTTY Demodulator 620 95
SM3 Speaker Mic 34 50  CT 2200 Communicalions Term 799 95
KB 2100 Keyboard for CT 2200 145.9%
KDK, = CWR 6850 Telereader 746.95
FM 2033 2m 25-walt 258.95 ;g 100 RTTY/CW Inlerface 214 95
CRI 200 RTTY/CW Imerface 259.95
. _ HARDWARE
MFJ 1224 with MFJ C-64/V-20 Soft 79 95
MEJ 1229 159.9%
Kantronics Interface 1 210.95
re N-TEC AEA CP-1 Interface 179.95
PACKAGES
2591 2m Synih Handheid 264 95  Microlog AIR-1 Vic-20/C-64 179.95
AEA CP1 tor Vic-20/C-64 209.95
Century 22 CW XCVR 35000 AFA Microamior Paich MAP-64 119 .95
2510 Model B 410 95
Satellile Station for Dscar 10 SOFTWARE
CORSAIR Mode! 560 999 95 Kantronics Hamtext
ARGOSY 11 5250 Digital 51995  ic.20. C-64. Apple CALL
TRITON 425 HF Amp 1 SkW CALL

Kantronics Hamsoft/Amtor
Vic-20, G-64, TRS-80 color, Atari 69 95

Kantronics Hamsoft
Vic-20, Apple. Atan. TRS-B0C, T1-89 CALL

Microlog Air Disk

SCANNERS

REGENCY

New MXA0D0 mobile 30-900 MMz Call  yic.20 and C-64 Disk 39.95

HX1000 20-ch Handheld 21595 Candge 56,95

New HX 2000 Handheld 120-900 MHz Call

R1050 10-ch, 6-band  Special2a 95  AEA

MX3000 30-ch. 6-band mobile 189 95  MBA Tex! Vic-20 or C-64 79.95

MX5000 20-ch 25-512 MHz conl 357 95 MBA-Tor 64 89 95
Marstext Vic-20 of C-64 79.95

BEARCAT

260 16-ch moile 5oy Dr-DXbyAEA 99.95

201 16-channel/aircrafl 179 95 Amateur Soltware

2020 40-ch/alreralt 289 95 l H"m l for the \nc-z:: and

2101 199 95 oR Commodore 64

300 50-ch scannet/ aircralt JAT 00 | TAPE DISK
Contes! Log 18.95 29.95

SONY RECEIVERS Antenna Design 995 1295

2002 SWL Receiver 209 95 Computer Morse 995 12.95

4800 SWL Recever 66 00 Propagation Chan 18 95 21.95

T600A SWL Receiver 139 95  Supet Log IV 23.95

AMPLIFIERS .

TOKYO HY-POWER
VHF & UHF amps CALL for Quotes

DAIWA
LA-2035 2m Amp, 2030 out
LA-2035R 2m Amp with preAmp

13646 Jelterson Davis Highway
‘Woodbndge, Virginia 22191
information & Service (703) 643-1063

b8 95

14 95

MIRAGE Store Hours MTT 10am —6pm
B23A 2m Amplitier 2- 30 WF iDam —-8pm

B1016 2m Amplibier 10- 160 Sal 10am —4pm

B3016 2m Amplitier 30 160 2 .

1 Order Hours M-F9am-7fpm

I / &

D1010N UHF Amp/N connectors Ssturday 10 a.m -0 h

B215 2m Amp 20 150 out
A1015 6m Amp 100 150 out

AMERITRON HF AMPS

Send 3 22 stamps for 3 Nyer

Deater Inguines Invifed

ALBO 1200 watt 589 95
ALB4 HF Amp 16015 J89 95

KENWOOD 1922 ixw CALL DISTRIBUTOR

AMP SUPPLY (ur assoc u.:l.i- store

LA 1000A 160-15m Amp 189 9% Davis & Jackson Hﬂﬂ:] PO Box 293
LK GOONT HF Amp no tune 1185 g0 ' Lacombe, Louisana 70445 -
AT 1200A 1200 PEP Tuner 169 g5 'Mormation & Service: (504) 882-5355
VOCOM AMPLIFIERS . :
2 watls in, 30 watls out 2m Amp 68 95 ,“:

2 walls in, 60 watls out 2m Amp 107 95
2 watts in, 120 walts oul 2m Amp 169 9%

200mW n. 30 walls oul 2m Amp B4 95 ———
ETO Alpha ingar amps avallable  Call hecks accepled

] UPS

e e = S T -

New VHF/UHF Amps
from TE Systems

with Low Noise
GaAs FET Preamp

Call for Quotes




THE GUERRI REPORT ¢, / ve>

a busy signal
from space

For over twenty-five years var-
ious nations have been launching sat-
ellites of one type or another. Many of
the early satellites were experimental
in nature, primarily intended to develop
and test space hardware. However,
the past fifteen years have been de-
voted to the more utilitarian aspects of
space. Because our only link to satel-
lites has been through RF paths, the
amount of the spectrum devoted to
this purpose has grown dramatically.

The geosynchronous equatorial or-
bits are particularly popular. This is
because satellites placed in this posi-
tion appear to remain in one place all
the time; and can illuminate a large
portion of the earth’s surface. Because
of the desirability of this location, it has
become imperative that there be global
cooperation with respect to the place-
ment of satellites in the general equa-
torial area. Current agreements allow
satellites to be positioned every 2 de-
grees over the populous equatorial
coverage areas.

The resulting proliferation in the
number of equatorial satellites puts a
significant burden on antenna design-
ers. The 2- degree equatorial spacing
requires that antennas have very nar-
row beams, in addition to low side-
lobes, in order to prevent interference
1o transponders on adjacent satellites.
The transmitters and receivers used in

these satellites are very sophisticated,
and must utilize adaptive techniques in
order to maintain predetermined sig-
nal-to-noise ratios without interference
problems.

The RF spectrum assigned to satel-
lites includes band segments from
400 MHz to over 30 GHz. The most
densely used portions are in the region
between 1.5 and 12.5 GHz. Because
of the limited availability of electric
power, satellite transmitters tend to be
limited to about 50 to 100 watts, but
antenna gains of 20 dB or more are not
uncommon. Obviously, satellites in-
tended to provide broad geographic
coverage cannot employ highly direc-
tive antennas. Some key applications
for modern satellites include the
following:

Earth resources and positiot loca-
tion. Most of us have seen some of
the dramatic photographs taken from
earth resources satellites showing
crops, earthquake faults, volicanoes,
and of course, daily weather patterns.
These satellites rely on a wide variety
of sensors employing optical, thermal,
and radar technigues to form images
of the earth’s surface. In most cases
the resolution is sufficient to reveal
major highways, airports, and other
key land-based features.

Most of these satellites operate in
the 137 MHz and 1.6 GHz portions of
the spectrum. Fairly simple receiving
equipment will permit the home experi-
menter to receive exciting weather

photographs from the APT and GOES
satellites.

An important additional function of
this general class of satellites is map-
ping and position location. Virtually
any satellite with high resolution sen-
sors can function as an excellent map-
ping satellite since its orbit can be
precisely determined and its position
accurately known at any given time.
Twenty continuous years of this pro-
cess has resulted in highly accurate
mapping of the earth’s entire surface,
permitting significant improvements in
the efficiency and safety of commer-
cial shipping and aviation. A series of
Global Positioning Satellites (GPS) is
being developed by the United States;
when its 18 satellites are completed
and in place a few years from now,
the signals from these satellites will
enable appropriately equipped vessels
to determine their exact position on
the earth’s surface to within about 100
feet (30 meters).

Telecommunications. It is the tele-
communications function performed
by modern satellites with which most
of us are familiar. Telephone com-
munications, data transmission, video
links, and broadcast television now
unite the world in a massive satellite-
linked network. Satellites designed for
this purpose do not originate signais,
but are simply repeaters in the sky.
They typically consist of a number of
channels, called “‘transponders,’’ that

repeat signals in a 24 or 36 MHz band.
— N
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ADVERTISER'S INDEX AND READER SERVICE NUMBERS

Listed below are the page number and reader service number for each company advertising in this issue. To

get more information on their advertised products, use the bind-in card found elsewhere in this issue, select

the correct reader service number from either the ad or this listing, check off the numbers, fill in your name

and address, affix a postage stamp and return to us. We will promptly forward your request to the advertiser
and your requested information should airive shortly. I the card is missing, send all the pertinent information
on a separate sheet of paper tp: ham radio magazine, Attn: Reader Service, Greenville, NH 03048,

READER SERVICE #
- Accessory Specialties..............cooviiivininiinn
- Advanced Computer Controls .
- Advanced Receiver Research

__ 120 - All Electronics...
156 - Alliance Mfg. Co. ...
____111 - Aipha Delta Communications... .
_ 180 - Aluma Tower Co..........c..cooiviineniiiiieiinn 135
- - Amateur Electronic Supply.. .

- Amateur-Wholesale Electronics
- American Radio Relay League.
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S AFCOMM Lo 56
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- Dynetic Systems .....
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____176 - Electronic Equipment Bank..
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. * - Engineering Consulting . .
* - Epsilon ... ..104
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_.._207 - Floyd Electronics ..... ..155
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- GLB Electronics
- Gus Browning's DX’ers Magazine
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- University Microfilms international .
- Vanguard Labs
- Varian/Eimac ...
- Vector Radio .........
- VHF Communications.
- VHF Communications.
- The VHF Shop .........
- James Walter Test Equipment ..
- Westcom Engineering
- Western Electronics .............

- Wheeler Applied Research tabs

- Xantek, Inc./DXEdge .
- Yaesu Electronics Corp.............cccounnn.

~ Encomm, Inc
- HAL Communications Corp
~ Hamtronics, Inc. ....
- ICOM America, Inc.
- Photocomm, Inc. .........

MHz E}eCtroniCs. .. ..ooveeiiiiii s
Madison Efectronic Supply .
Martin Engineering................ccooooviiiiinnn,

- Mosley Electranics, Inc. . 161
- Nampa Satellite Systems .132
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Each satellite can have as many as ten
transponders. This means that a single
satellite may handle as many as 50,000
phone calls simultaneously. The avail-
ability of these high quality RF links
has dramatically improved interconti-
nental voice and data communications.
These links can now reliably transmit
a page of FAX data to another part of
the world in just a few seconds. Satel-
lites enable commercial broadcasters
to bring us important events from vir-
tually every corner of the earth as they
occur; the societal ramifications of this
news immediacy are still developing.

Defense. Not to be upstaged, the
military establishments have also been
busy in space. Since profitability, in
the commercial sense, is not an issue
for military users, some of the tasks
which satellites are called upon to per-
form are indeed exotic. These include
such things as very high-speed data
links (1 Gbit/sec.) and very high reso-
lution imagery for reconnaissance pur-
poses. Charged coupled sensors,
cooled with liquid helium to increase
sensitivity and mounted at the focal
plane of precision lenses, provide or-
bital images with stunning detail. The
ability of radar to penetrate cloud
coverage and provide high resolution
images is particularly attractive to
military users. In some cases, the or-
bitai path of the satellite is used to syn-
thesize an antenna of large aperture
and provide a simulated very narrow
beam. This technique, called “syn-
thetic aperture radar’’ (SAR), is
capable of revealing subtle details, not
visible by any other means, hidden in
the earth’s surface. Techniques of this
type are used by defense organizations
to locate submarines concealed below
the ocean’s surface.

Next time you look at the evening
sky, be sobered by the thought that at
that very instant, there are probably
more conversations being repeated
through satellites than if all the world’s
Amateurs were on the air at the same
time. The pros do it without QRM.
Now that’s what | call a band plan!

ham radio
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Eureka!

We just struck gold with a miniature, high qual-
ity and very reliable DTMF decoder at a rock
bottom price of $59.95. Our DTD-1 will decode
5040, 4 digit codes with the security of wrong
digit reset. It contains a crystal controlled, single
chip DTMF decoder that works great in bad sig-
nal to noise environments and provides laiched
and momentary outputs. Why carry that heavy
gear when its size is only 1.25 x 2.0 x 4 inches
and it comes with our etched in stone, legendary,
one year warranty.

Instead of sifting through the field. .. search-
ing, use our super quick one day delivery and
cash in on arare find.

$59.95 each

AP COMMUNICATIONS
=8 SPECIALISTS

126 W, Taft Ave., Orange, CA 92665
Local (714)998-3021 = FAX (714) 974

Entire U.S.A. 1-800-854-0547
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KENWOOD

pacesetter in Amateur radio

N - e S Kenwood's unique ““'m:—’”'m‘"‘[..rii'['”"]” ¢ AT-940 full range (160-10 m) automatic
The new TS-940S is a serious radio delivers top "quality Kenwood™ sound antenna tuner « SP-9408 external
for the serious operator. Superb v Kavboard entrv fraduen speaker with audio filtening ¢ YG-455C-1

interference reduction circuits and  ()pcrating frequencies may be directly (500 Hz), YG-455CN-1 (250 Hz)
high dynamic range receiver com- entered into the TS-940S without using  YK-88C-1 (500 Hz) CW filters;

bine with superior transmitter the VFO knob YK-BBA-1 (6 kHz) AM filter ® VS-1 voice
design to give you nO-nONSeNnse, N0, 5ranhic display of synthesizer « SO-1 temperature
compromise performance that ggts teatires compensated crystal
YD'-"'_Sig“al's through! The‘ exclusive Exclusive multi-function oscillator e MC-425 UP/
muiti-function LCD sub display LCD sub-display panel DOWN hand mic.

| graphically illustrates VBT, SSB shows CW VBT, SSB slope * MC-60A, MC-80, MC-85
slope, and other features. tuning, as well as fre deluxe base station mics

* 10 jut quency, time, and AT-940 * PC-1A phone patch

e TL- 922A linear amplifier

Super efficient cooling system using antenna tuner status
)RM t ' e 5M-220 station monitor

special air ducting works with the inter- = QRM-figh

nal heavy-duty power supply o allow Remove “rotten QRM" with e 35-8 pan display
continuous transmission at full power the SSB slope tuning, CW e SW-200A and
outpul for periods exceeding one hour. VBT, notch filter. AF tune, SW-2000 SWR and
s Prodramimal and CW pitch controls power meters
PITCH ~8~ AF TUNE
L L}

',’\rm ‘.\[_mr_‘.;if encoder and
the flywheel VFO knob
give the TS-940S a posi

tive tuning “feel’ More TS-9408S information is available

from authonzed Kenwood dealers

4 KENWOOD

TRIO-KENWOOD COMMUNICATIONS

Mode and frequency may
be stored in 4 groups of
10 channels each

o

Tunes from 150 kHz to
30 MHz
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