Down
With

Towers!

age 38

Beat It!

Jage 48

Tri-Band Umbrella

>age 20

Base-Fed
Pcpzl &e?

Page

Black-Tie \ffair

Page 26

X-Rated £ “minum

Page 32

High-Rise

Bonanza
:m 44

\ uIH
AN 447065

6

0

®

international Edition

Amateur Radio’s
Technical Journal

October 1984 Issue #289
$2.50 USA | $3.00 Canada

A CWC/I Publication

Troubleshooting—10

Antennas!
9 Articles

Find Fault with Your Coax

IE Is yvour cable really doing its job? Find
out with this elegant detective method.
... K4IPV

The Aussie Parasol Beam

|§ What has twelve corners, three bands,
and uses 140 feet of wire? Hint: It's not
WeTYH

aquad.

The Incredible Broadband Bowtie

E' Truly designed for solid-state finals,
=1 this 75m antenna features 50 Ohms at
the feed —and less than 1.5:1 swr across the
band. KC3HW

R, for Ailing Antennas

E Maximize your system’s performance

with this easy-to-construct noise bridge.
.. K4IPV

It's just what the doctor ordered.

Ryan's Vertical Ecstasy
Waming: Graphic description of vertr
cal antenna array patterns. Explicit CoCo

language. May incite construction frenzy.
WBSLLM

Try Low and Behold

Here's a shock: You've been wasting money
on towers and poles. W1GV explains why
low antennas may outperform high-altitude
Uy Tt e TR L e S WI1CV/4
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A No-Holes Barred Beam

j\ What to do when the lease says “no
= antennas”: Turn your entire house into
WA4WDL

a broadside dipole

Another Eggbeater

E Don’t be a VHF weakling. Pump up
your performance with this simple Zm
WD5DNL

U 1 11 |

A Tree-Mendous Vertical

E Build an 80m DX-getter that really
Zrows on you. KS4B
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key to Top-Band DXCC.
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ICOM IC-745

160-10 MTR 100W XCVR / 01-30MHz RCVR

VO COMI? MODIL-%10
| Y g & ] l-Fi'l"'..IrIN'
‘Vrllr J
MWATR
I i 1]
15 [ i
| ] 4
TRAMNSAIT . ’
iz »
. 1 LAt
EY .1 ‘u’\ k
,—q\ PHONES PR EAMD
'f . " -
]
b

The IC-745 represents o
major breakthrough in the ham
industry...0 full featured HF base
station transceiver with a com-
bination of standard features
found on no other transcelver in
its price range.

Compare these exceptional
standard fecatures:
¢ 100KHz - 30MHz Receiver
* 16 Memories
¢ 4100% Transmit Duty Cycle

Transmifter with exception-
ally low distortion

IF Shift AND Passband Tuning
* Receiver Preamp

® 40Hz/50Hz/1KHz Tuning Rates
with 1{MHz band sleps

Adjusiable Noise Blanker
(width and level)

Continuously Adjustable AGC
with an OFF position

Full function Metering with o
buill-in SWR Bridge

Optional Internal AC Power
Supply
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Other Standard Features.
included as standard are
many of the features most asked

for by experienced ham radio
operators: dual VRO's, RF speech
compressor. tunable notch filter
ai-mogde squeich, program
DaNd sCcan, memaory sCan
(frequency and modes are
stored). receiver and transmitter
incremental tuning and VOX
ICOM's proven fransceiver
gesigns and technology are
used In the IC-745 all ham band
fransceiver which includes SS8.
CW. RTTY, AM receive and an
optional FM plus a 100KHz to
30MHz general coverage receiver
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ICOM System.

The IC-745 is compatible
with ICOM’s full line of standard
HF accessories

Accessonas available
iNncClude the IC-PS15 base supply.
IC-PS30 system power supply
(switching ). IC-P535 infermal
power supply. the IC-2KL linear
ampiifier, AT100 automatic
antenna tuner, ATS00 automatic
anfenna tuner, HP1 headphones,
and HM12 hand or SMé base
microphone

Options. The EX241 marker
and EX242 FM module. plus o
wide variety of filters for shamp
audio reception are available

MNCEEMENTAL
FLIMMP, VL)
RELFA IRARSMWIT ASE

General Coverage
Heceiver

-6dB Center
Width Freq. MHz
500 Hz 2.000
270 Hz 9.000
2.1 KHz 0.455
FL52A 500 Hz 0.455
FL54 250 Hz 0.455

The IC-745 is the only trans-
ceiver foday that has such
features standard...the number of
options and accessorias availa-
ble..and such an affordable
prce

Filter
FL45
FLS3A
FL44A

[€ 3 ICOM

The World System

ICOM Amenca, Inc., 2112-116th Ave NE, Bellevue, WA 98004 (206)454-8155 / 3331 Towerwood Drive, Suite 307, Dallas, TX 75234 (214)620-2780
All sored specificonons ore opproximate and subject o change without nofice or abliganion.  All ICOM rodios sgnificanty exceed FCC regulations imifing spurious emissions

7451283




6 STORE BUYING POWER
KENWOOD

TRY OUR

SUPER LOW PRICES-ALL ITEMS
CALL OR VISIT

=

TH-21AT/ TH-21A TR-2600A T™M-211A/ ' e
TH-41AT TH-41A TM-411A R-600, R-1000, R-2000

&/ YAESU i 28R | MIRAISE

FT-757GX Vv AMPLIFIER SALE

NEW! NEW!
NE W!

MODEL 43 AND

B-3016 SALE $199.95

FT-726R
ELE“ENTSr-‘P EXCELLENT
S s FOR OSCAR T
" Q

CALL | B-1016 SALE $249.95

FOR LS, B-108 SALE $159.95
- SALE § 79.95

PRICES B-23A SALE S

D-1010 SALE $289.95

R-71A GENERAL HAND-HELDS A Accessonies

COVERAGE RECEIVER -'- PRICES ae NEW
N I IC-2AT IC-02AT
| | : $219 2M,HT

B = A= O ) Sral CALL FOR

Superior grade receiver provides gen- lc 751 SALE IC-4AT SPECIAL

eral coverage 100kHz to 30MHz. CALL FOR SALE PRICES $239 PRICES

$899 OIS SALE MA-40 SALE $599

W-36 KT-34A SALE $329 40', 2 SECT. TUBULAR TOWER
$549 1 e KT-34XA SALE $469

SALE / 3 40M-2 SALE $309 MA-550 SALE $899
e . CALL FOR LOW. LOW PRICES 55' 3 SECT. TUBULAR TOWER.

$2799 . X 80 THRU 1M KLM ANTENNAS

PERSONALIZED FREE SHIPMENT

BOB FERRERO, WERJ UPS SURFACE (Continental U.S.) (MOST ITEMS)

JIM RAFFERTY, N6RJ TOLL-FREE PHONE

VP=50 Caiit Div Anahesm Hawaiian amateurs are welcome to use our free phone

* Managers
) GEORGE WB6DSV Buriingame
GREG,N6PQ Oakiand -

G%%?JNHEEEAH Szm;ﬂ (Cahf and Arizona customers please phone or visit listed stores)

AL KEYRA Van Nuys PHONE HOURS: 9:30AM to 5:30PM PACIFIC TIME.
ST DRI SO RS STORE HOURS: 10 AM to 5:30 PM Mon, through Sat.

ANAHEIM, CA 92801 OAKLAND, CA 94609 SAN DIEGO, CA 92123
2620 W. LaPalma, 2811 Telegraph Ave., 5375 Kearny Villa Rd.,

(714) 761-3033, (213) 860-2040, (415) 451-5757, (619) 560-4900,
Batween Disneyland & Knotts Berry Farm. Hwy 24 Downtown. Left 27th off-ramp. Hwy 163 & Clairamont Mesa Blvd.

BURLINGAME, CA 94010 PHOENIX, AZ 85015 VAN NUYS, CA 91401
999 Howard Ave., 1702 W. Camelback Rd., 6265 Sepulveda Bivd.,
(415) 342-5757, (602) 242-3515, (818) 98B-2212
5 miles south on 101 from S.F. Airport. East of Highway 17. San Diego Fwy at Victory Bivd

ML o8 AMREE Y = AMIPWEMNDL & ANMIZTER COLLIMNS «» TURTIS =« CUSHCRAFT » DANWA » DRAKE » [N EDG LMMHLPROOLICTE & "-"-""1'r-' @ NYE & '..-_f__. AN = BCBOT « ADea
LAL » = gy *ASTRON « RELDEN EIMAL « HLESTLER & HY-GAIN® 0 & ) o WILLE A = BLANTRONICS SHLRE & SI0MAL DNE « STONER s TEREPD) & TEN-TEC = T1
= T =« BAW » CALL B ENWOD = ML M L ARSEN & LUSNAF « METD o ) o MCED-LOG TR -EX  VIEWSTAA » oD » YAESL and rrmny morw

Prices, specifications, descriptions subject to change without notice Calif and Arizona residents please add sales tax



HUSTLER

DELIVERS
RELIABLE '
ALL BAND HF
PERFORMANCE

Hustler's new 6-BTV six-

band trap vertical fixed
station antenna offers

all band operation

with unmatched con-
venience. The 6-BTV

offers 10, 15, 20, 30, /

40, and 75/80 meter
coverage with ex-
cellent bandwidth i I

and low VSWR. Its

durable heavy

gauge aluminum

construction with

fibergiass trap

forms and stain-

less steel hard-

ware ensures

long reliability.
Thirty

meter Kits

(3O-MTK)

for 4-BTV

and 5-BTV

are also

available.

? NEW

\
6-8TV

Don't miss our 30 meter excitement.

HUSTLER -
STILL THE STANDARD OF PERFORMANCE.

HUSTLER

3275 North "B” Avenue
Kissimmee, Floridg 32741
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IF YOU HAVEN'T HEARD OUR
YOU'HE NOT LISTENING!

Whsat's & BEEPERT Bometimes called & “'courtesy beep,
both Paxsoan BFEEFERE add a gants high freguency Desp
automatically to the baginning of sach Transmission and &
low baep at the end ““Talk-oyer s & Lhing of Uhe Dt

INTRODUCING EF-4 ""The FRO" HEEFER Thas FRO s
gaatwe-ol-theart besping' Included a diFally-progmm
mabie timer uss it for ID or Emeput warningel. kD
automsane “Slumber Mode™ for long batiery life (WY bat
tary required—not inciuded), and programmable volume

spenkert TTees & plans Lransiuoss

Hook-op's & snad with sither model! Interiaoes O vErtuel

iy All modern gear Manusl suoplied with ssch BEEPFER

Availahie In ihres passiong

AV wersions are complste with cass, cable |ndustry
standare 4-pin aonnectors

‘B wersions are the sams as above but without connec
Lorm AAA yOur owr
versions are cirouit-board modsls for custom in
stalistons Perfect for repeaters or bullding INTO
your rig

BEEPERS ARE A
r_mm EXCLUSIVE!

4 "“The PRD"" BEEFER BP-3 ""The Original° REEFER
§ All units are asssmbled Leatad A- B50
carry a B0-day limited warranty, B 40

and shipped pre-paid in U8 C- 829

Ohio penddanta sdd &7 aalss tax

Lo Ui e -0

148 Dot Drive ® Davion. Dhio 45418

CwW Communications/inc. group is the world's
largest publisher of computer-related informa-
tion. The group publishes 52 computer publica-
tions In 19 major countries, Nine millien people
read one or more of the group's publications
each month. Members of the group Include:
Argentina’s Computerworld/Argentina; Austra-
lia's Australia Computerworid, Australian Micro
Computer Magazine, Australian PC World, and
Directories; Brazil's DataNews and MicroMun-
do; China's China Computerworld: Denmark's
Computerworld/Danmark and MicroVerden, Fin-
land’s Mikro, France's Le Monde Informatique,
Golden (Apple), and OPC (IBM);, Germany's Com-
puterwoche, Microcomputerwelf, PC Welt, Soft-
ware Markl, CW Edition'Seminar, Computer
Business, and Commodore Magazine, Italy's
Computerworid Italia, Japan's Computerworld
Japan and Perso ComWorld, Mexico's Com-
puterworid/Mexico and CompuMundo, Nether-
land's CW Benelux and Microinfo, Norway's
Computerworid Norge and MikroData: Saudi
Arabia’s Saudi Computerworid, Singapore's
The Asian Computerworid, Spain's Computer-
worid/Espana and MicroSistemas, Sweden's
ComputerSweden, MikroDatorn, and Min Hem-
dator, the UK's Computer Management and
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World, MICRO MARKETWORLD, Microcomput-
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dio’s Technical Journal, and 80 Micro
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Manuscripts

Contributions in the form of manu-
scripts with drawings and/or pholo-
graphs are welcome and will be Con-
sidered for possible publication. We
can assume no responsibility for loss
or damage fo any matenal. Please en-
close a stamped, seif-addressed envel-
ope with each submission. Payment
for the use of any unsolicited material
will be made upon accepiance. All con-
tributions should be directad to the 73
editorial offices. "How to Write for 73"
guidelines are available upon reguest.
US citizens must include their social
sacurity number with submitted manu-
SCTIpIS.

Editorial Offices:

Pine Street
Peterborough NH 03458
Phone: 603-924-9471

Advertising Offices:

Elm Street
Peterborough NH 03458
Phone: B03-924-7138
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Write to 73, Subscription Department,
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For renewals and changes of address,
include the address label from your
mosl recent issue of 73. For gift sub-
scriptions, include your name and ad-
dress as well as those of gift re
cipients.

Subscription
problem or
question:

Write to 73, Subscription Department,
PO Box 831, Farmingdaie NY 11737.
Pieass include an address label.

73 Amatewr Rsdio’s Technical Journal
(ISSN 0745080X) is published monthiy
by CW Communications/Peterborough,
inc., B0 Pine Street, Peterborough NH
03458 Second class postage paid at
Peterborough NH 03458 and at addition-
al mailing offices. Entire contents copy-
nghts 1984, CW Communications
Peterborough, inc. All rights reserved
No part of this publication may be re
printad or otherwise reproduced without
wrillen permussion from (he publisher.
Microfilm Edition—University Microfilm,
Ann Arbor Ml 48106. Postmaster Send
address changes to 73, Subscription
Services, PO Box 931, Farmingdale NY
11737. Nationaily distributed by Interma-
tional Circulation Distributors
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The DX1000 makes
tuning in London
as easy as dialing a phone.

Direct access keyboard tuning 1 kHz, or at the touch of a button, nas to say. With the Uniden’
brings a new level of simplicity doubles as a two time zone, 24- Bearcat" DX 1000 shortwave
to shortwave radio. With the hour digital radio, you have direct

access to the world.
For the name of your
nearest retailer dial toll-free

Uniden® Bearcat® DX 1000, dialing quartz clock.
inthe BBC in Londonisaseasyas A built-in timer
dialing a telephone. And you can wakes you o

switch from the BBC to Peruvian your favorite .. 1-800-SCANNER.

Huayno music from Radio Andina shortwave sta-

instantly. Without bandswitching. tion. Or, it can be programmed to Freamency Range: 10215 30 MHz contn
Featuring the innovative micro- activate peripheral equipment ously. Tuning: Direct keyboard entry. selectable

WwOluhon KkNoD luning, or manual

processor digital technology made  like a tape recorder to record up ;’[‘;;ﬂﬁﬁ,ﬁ;‘;i";;‘;,;r_','H“,}_,1_9@ Hudytoiseiptyases

famous by Uniden” Bearcat® scan-  to five different broadcasts—any tivity: 10 uV AM, 05 uV CW/SSB/ M, 1630
| L I MHz Image and IF Rejection: 70 dB or more
ner radios, the DX 1000 covers llp frequency, any mode—while you om0/ MecUmts tarasity Wretaimnty

10 kHz to 30 MHz continuously, | are asleep or at work. Stability: Better than 100 HF.? after warm-up
: : : - /1 [USB/CW/ : Selec
with PLL synthesized accuracy. But ,ﬂ ~ The DX 1000 alsoincludes | Bre: siow releass mes Fitter Bandwidthe
as easy as itis to tune, it has all iIndependent selectivity selection 27 Kz, 6 kHz and 12 kHz. Filter Selection

the features even the most sophis- {3 to help you separate high-powered s e e

ticated “DXer"” could want. 10 stations on adjacent frequen-

. =
memory channels let you store | cies. Plus a noise blanking &
favorite stations for instant recall system that stops Russian pulse

Ing” radar Iinterference.

—or for faster “band-scanning

during key openings. The digital There's never been an ®
display measures frequencies to easier way to hear what the world mr

w300

Uniden" Corporation of America,
Personal Communications Division
6345 Castleway Court,
Indianapolis, IN 46250
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NEVER SAY DIE

editorial by Wayne Green

ALUMNI DINNER

A ham friend, Bill Ashby
K2TKN/WBETJ, who wrote arti-
cles for my 73 magazine, men-
tioned back in the early 60s that
he was working for a firm mak-
ing microcircuits. | think his firm
was one of the first in the busi-
ness. Now look where we are!

Here | am, twenty years later,
sitting on a plane coming back
from Washington, writing an
editorial on a picocomputer.
Well, perhaps things aren't all
that different, really. Twenty-five
years ago, when | started 73, |
used to carry a Hermes Rocket
typewriter, which was not much
bigger or heavier than my pico
(briefcase) computer. The pico
has word processing and an ad-
dress file, so we've had some
progress,

A lot of oceans have gone
under my planes since then, and
the world of microelectronics
has gone berserk. 256K RAM
chips indeed! Solid state was
still just getting started twenty
years ago, though | remember
buying a couple tiny Sony
BC/SW radios in Tokyo in 1959.

They worked great, beating the
dickens out of the little US-made
broadcast transistor radios.
That was before integrated cir-
cuits, so they had to use eentsy
resistors and capacitors.

With the 25th anniversary of
my starting 73 coming up in a
few months, it seemed like as
good a time as any to throw a
small party for Wayne Green
alumni. | keep running across
people in the various electronics
industries who at one time or
another worked for me—and
there have been a couple thou-
sand. It seemed like it would be
fun for us to get together and
say hello again. If you know any-
one who has ever worked for me,
pass along the word, okay?

In 1960, amateur radio was
growing at 11% per year—and
had been for 17 years. There was
an intense interest in new tech-
nologies, so | thought that a
ham magazine devoted to home
building and inventing would fly,
| had just barely enough money
to print and mail the first issue,

which fortunately was in the
black.

JEEO BEACH, FLORITDA

T4 card is dry
I‘F ‘el 1S wilt
T tard 8 Srezen
I+ card (S gong

HAMG T FRom A TREE, AND:

This WSL fE'quEE-f“ cacd 1s also
a weathec indlcator.... W s
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QSL OF THE MONTH

To enter your QSL, mail it in an envelope to 73, B0 Pine Street, Peterborough NH 03458,
Attn: QSL ol the Month. Winners receive a one-year subscription (or extension) to 73. Entries

not in envelopes cannd! be accepled.
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| started by doing everything:
soliciting articles, editing them,
proofreading the type, laying
out the pages, selling the adver-
tising, writing, printing, and
mailing circulation letters,
typing stencils for subscrib-
ers—everything. That's quite a
learning experience. | didn’t
have money for going to the
movies or eating much, so |
made do with things like home-
made oxtall soup, which was
very cheap.

A couple years later, | moved
the one-man staff (me) to New
Hampshire and started recruit-
ing used hams. The early ones
were college dropouts who
worked for the learning experi-
ence, room and board, and $20 a
week. They helped with process-
ing subscriptions, printing
names on wrappers, editing arti-
cles, proofreading, bookkeep-
ing, washing dishes, and so on. |
taught them publishing, sold ad-
vertising, and cooked three
meals a day for the tribe. We had
up to eight living in and doing
the work back around 1963. We
had a ball!

When we had a chance, we
piled into our VW wagon and
headed out for a picnic, visiting
New Hampshire's Polar Caves,
Franconia Notch, The Flume,
Cannon Mountain, Mount
Washington, and so on. We
climbed Washington, swam in
The Foot Basin—it was fun.

Down through the years l've
fed hundreds of people into the
electronics and computer indus-
tries. One runs a very successful
satellite-receiving business,
another one of the top computer
PR firms, and several are maga-
zine editors. A call on the PA
system at the West Coast Com-
puter Faire for ex-Wayne Green

Continued on page 72
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TS-430S “Digital DX-terity!”

Digital DX-terity...that outstanding
attribute built into every KENWOOD
TS-430S that lets you QSY from
band to band, frequency (o fre-
quency, and from mode [0 mode
with the speed and ease that will
give you a dominant position in DX
operations.

KENWOOD'S 1T5-430S, a revo-
lutionary. ultra-compact, HF trans-
ceiver has already won the hearts
of radio Amateurs the world over.
it covers 160-10 meters, including
the new WARC bands (easily modi-
fied for HF MARS). Its high dynamic
range receiver tunes from 150 kHz-
30 MHz. It utilizes an innovative UF
conversion PLL circuit for superior
frequency stabllity and accuracy.
Two digital VFO's allow fast split-
frequency operations. A choice of
USB, LSB, CW, or AM, with FM
optional, are at the operators finger-
tips. All Solid-state technology per-
mits inputs of 250 watts PEP on
SSB, 200 watts DC on CW, 120
watts on FM (optional), or 60
watts on AM. Final amplifier
protection circuits and a
cooling fan are built-in.
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Fil

Eight memories store frequency,
mode, and band data, with Litnium
battery memory back-up. Memory
scan and programmable automalic
band scan help speed up opera-
tions. An IF shift circuit, a tuneable
notch filter, and a Narrow-Wide
switch for IF filter selection help
eliminate QRM. It has a built-in
speech processor. A tluorescent
tube digitai display makes tuning
easy and fast. An all-mode squeilch
circuit, a noise blanker, and an RF
attenuator control help clean up the
signal. And there's a VOX circuit,
plus semi-break-in, with side-tone.
All-in-all, it just could be that the
expression “Digital DX-tenty” 1S a Dil
of an understatement.

TS-430S Optional Accessories:
In typical KENWOQD fashion, there
are plenty of optional accessories
for this great HF transceiver. There
IS a special power supply, the
PS-430. An external speaker, the
SP-430, is also available. And the
MB-430 mounting bracket is availl-
able for mobile operation. The

AT-250 automatic antenna tuner was
designed primanly with the TS-430S
In mind, and for those whgo prefer to
“roll their own, the AT-130 antenna
tuner iIs available. The FM-430 FM
unit is available for FM operations
The YK-88C (500 Hz) or YK-8B8CN
(270 Hz) CW filters, the YK-88SN
SSB filter, and the YK-88A AM filter
may be easily installed for serious
DX-ing. An MC-b0A deluxe gesk
microphone, MC-80 and MC-85
communications microphones, an
MC-42S mobile hand mic., and an
MC-55 8-pin mobile miZrophone,
are available, depending on your
requirements. TL-922A linear ampli-
fier (not for CW QSK}, SM-220 sta
tion monitor, PC-1A phone patch,
SW-2000 SWR/power meter 160 ~ 6
meter, SW100A SWR/power/volt
meter 160-2m, HS-4, HS-5, HS-6,
HS-7 headphones, are also available
More information on the TS-4308
s available from authonzed dealers
of Trio-Kenwood Communicalions,
1111 West Walnut Street,
Compton, Califormia 90220.
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A fresh idea!

Our new crop of tone equipment is the freshest thing growing
in the encoder/decoder field today. All tones are instantly
programmable by setting a dip switch; no counter is required.
Frequency accuracy i1s an astonishing + .1 Hz over all temper-
ature extremes. Multiple tone frequency operation is a snap
since the dip switch may be remoted. Our S5-32 encode only
model is programmed for all 32 CTCSS tones or all test tones,
touch-tones and burst-tones.
And, of course, there’s no
need to mention our * 8y TS-32
1 day delivery and 0
| yvear warranty.

TS-32 Encoder-Decoder

® Size: 1.25"x2.0" x .40"

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

® Available in all 32 EIA standard CTCSS tones

SS-32 Encoder

e Size: .9"x1.3" x .40"
* Available with either Group A or Group B tones

Frequencies Available:

Group A
67.0 XZ 91.5 ZZ 118.8 2B 156.7 5A
71.9 XA 94.8 ZA 123.0 3Z 162.2 5B
74.4 WA 97.4 7B 127.3 3A 167.9 6Z
77.0 XB 100.0 1Z 131.8 3B 173.8 6A
79.7 SP 103.5 1A 136.5 4Z 179.9 6B
82.5 YZ 107.2 1B 141.3 4A 186.2 7Z
85.4 YA 110.9 27 146.2 4B 192.8 7A
88.5 YB 114.8 2A 151.4 5Z 203.5 Ml

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

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

¢ Frequency accuracy, + 1 Hz maximum —40°C to +85°C
e Tone length approximately 300 ms. May be lengthened,
shortened or eliminated by changing value of resistor

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

=
VISA
=

B2 communicaTions sPECIALISTS @)

426 West Taft Avenue, Orange, California 92667
(800) 854-0547/ California: (714) 998-3021 15




Joseph J. Carr K41PV
5440 So. 8th Road
Arlington VA 22204

Find Fault with Your Coax

Time Domain Reflectom-
etry (TDR) is perhaps
the most powerful method
for wringing out a radio
transmission line. Profes-
sional TDR instruments are
expensive and therefore be-
yond the reach of amateurs.
If you have access to an os-
cilloscope, however, you

Is your cable really doing its job?
Find out with this elegant detective method.

can build an impromptu
TDR unit that will provide at
least elementary capability.

TDR techniques can be
used to locate faults on

transmission lines, measure
vswr, and determine the ve-
locity factor of coaxial ca-
ble. The fault-finding capa-
bility is especially useful on

The K41PV home-brewed reflectometer.
10 73 Magazine = October, 1984

systems containing very
long transmission line, or,
where the transmission line
is hidden for much of its run.

Transmission Lines—
Simplified and Revisited

Most amateurs have a ru-
dimentary idea of the na-
ture of a transmission line,
especially as the term is
used in radio-antenna con-
texts. On the naive level, we
know that it is the cable
which carries signals back
and forth between the rig
and the antenna. On a
slightly more technical lev-

el, we find that the trans-
mission line can be mod-
eled as a complex circuit
having both distributed in-
ductance (L) and distrib-
uted capacitance (C). Fig. 1
shows an equivalent circuit.
If dimension “A” in Fig. 1 is
unit length, then L is the in-
ductance per unit of length
and C is the capacitance
per unit of length. There is
also a source impedance,
R, which is the transmitter
output impedance, and a
load impedance, Ry, which
is the antenna radiation re-
sistance.

e

Fig. 2. Coax cable with surge impedance Zy and load im-

pedance Z;.



Fig. 3. Buffer to improve rise
time of a signal.

Transmission lines have a
property called either surge
impedance or characteristic
impedance, either of which
s represented by the sym-
bol Zj. In the simplest def-
inition, surge impedance is
the square route of the ratio
Lto C: Zg=V1/C

Let’s consider what hap-
pens on a transmission line;
see Fig. 2. In this illustra-
tion, we have a length of co-
axial cable with a surge
impedance, Z,, terminated
with a load impedance, Z;.
At the input end of the
transmission line is a pulse
generator. So what normal-
ly happens?

We are told that the
transmission line acts as if it
were infinitely long when
Z =7y In that case, a pulse
(VE) applied to the input end
will disappear into the coax
and never return. In other
words, the load will dissi-
pate all of the pulse’s
energy when the load im-
pedance (Z;) matches the
transmission line surge im-
pedance (Zg). This is why we
put so much emphasis on a
proper match between Z;
and Zy, as indicated (hope-
fully) by a 1:1 vswr.

But what of the case
where Z; is not equal to Zy?
In that case, not all of the
energy in the forward or in-
cident pulse (V) is absorbed
by the load. Some of the en-
ergy is reflected back down
the line in the opposite di-
rection. Pulse Vg in Fig. 2 is
the forward pulse that is ap-
plied by the signal genera-
tor. When it hits the load
end of the line, some of its
energy is absorbed by Z;
and the remainder is re-
flected back towards the
load in the form of pulse
VR. (Note that the phase of
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Fig. 4(a). Square-wave signal generator.

the Vg is reversed com-
pared with V)

Radio waves and pulses
travel down a transmission
line at a known velocity
that is some fraction of the
speed of light (c). The so-
called velocity factor of a
transmission line is that
fraction. Thus, a velocity
factor of 0.66 means that
waves and pulses propa-
gate in that line at 66% of
the speed of light (ie,
0.66¢C).

If the speed of propaga-
tion on a line is known or
can be measured, and if we
have a means of timing the
interval between the appli-
cation of the forward pulse
and the return of the re-
flected pulse, then we can
calculate the length of the
line. If the line is either
open or shorted, then the
length computed is the dis-
tance from the input end
and the fault. In a long
system, such information
can save a lot of hunt ‘n’
check work.

Signal Sources
There are two basic TDR

MCa4024P 74121

ouT TEIS

r

Fig. 5a). Pulse-generator cir-
cuit (block diagram).

— QUTPUT

techniques available to the
amateur; one uses a real
pulse and the other a square
wave. Equipment needed
for these techniques is rath-
er simple, except for the
‘'scope.

The oscilloscope needs a
bandwidth of 5 MHz or
more (preferably more). In
addition, it must have a hor-
izontal sweep calibrated in
units of time (e.g., us/cm).

The signal source can be
any pulse or square-wave
generator, either commer-
cial or home-brew. In re-
searching this article, | used
a Tektronix IM-500 series
pulse generator, a Heath
IF-18 square-wave genera-
tor, and several home-brew
generators (discussed in
text). It is highly desirable
that the signal source have
a fast rise time.

If your oscilloscope has a
+CGATE output, then you
may already have a pulse
generator. The + GATE out-
puts a short-duration pulse
every time the sweep is trig-
gered. In the auto-trigger
(i.e., free run) mode, the

+5VDC

R3
1K
3

1!'“4
$ 22K

7

Fig. 4(b). Variable frequency
modification.

sweep is constantly retrig-
gered regardless of whether
or not a signal is present in
the vertical channel. Thus,
we will see a constant pulse
train at the +GATE output
during auto-trigger opera-
tion.

If you plan to use a
square-wave generator as
the signal source, then it
may be advisable to im-
prove the rise time of the
signal. Fig. 3 shows two buff-
ers that can be used. The
74H00 is a high-speed ver-
sion of the 7400 two-input
NAND gate. This device is
shown connected as an in-
verter (i.e., both inputs tied
together). The 7400 is rec-
ommended for TTL-compat-
ible outputs.

The 7414 used in Fig. 3 is
a Schmitt trigger. As such, it
will produce a fast rise-time
output pulse. Like all TTL
devices, there are limits to
the allowable input-voltage
swings. Note that the
Schmitt trigger can be used
to make square waves out
of sine waves. The Schmitt
output is binary, i.e., only
two states are allowed,
HIGH and LOW. The out-
put will snap HIGH when
the input passes a certain
threshold voltage in a posi-
tive-going direction and will
drop LOW only when the sig-
nal crosses another thresh-
old in the negative-going
direction.

=5SVDC

TRIGGER o———

PULSE
OUTPUT

Fig. 5(b). Pulse-generator schematic.
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Fig. 6{a). Test setup.

Fig. 4a) shows a home-
brew square-wave signal
generator based on the Mo-
torola MC4024P voltage-
controlled oscillator (vco)
chip. Note: this is not the
CMOS 4024 device.

The MC4024P contains
two vco’s, but this project
uses only one. The frequen-
cy is controlled by capaci
tor C1 and is set to approxi
mately the range needed
for our application. In some
cases we will want to vary
the frequency, so we can
use the circuit modification
of Fig. 4(b). Potentiometer
R3 changes the voltage ap-
plied to the vco-control in-
put (pin 2). A 3:1 frequency
ratio is possible. One use
for this capability is op-
timization of one of the
TDR techniques given be-
low.

The output from the
MC4024P device is a TTL-
compatible square wave.
For TDR, however, we can
use almost any level within
the ability of the ‘scope, but
the source must have an
output impedance that is
matched to the transmission
line. Impedance matching
is the function of R2 in Fig.
4a). If only one style of
coax is being tested, then
set R2 equal to its Zy (e.g.,
50 Ohms, 75 Ohms, etc.);
the value of 68 Ohms al-
lows testing in 50- and

s

-

Fig. 8. Adjust square wave to
match “A.”
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75-Ohm systems with only a
small effect on the system.

The photo shows the ver-
sion that | built. In this case
only one BNC jack is used,
and an external BNC “tee”
separates the signals to the
oscilloscope and the cable
under test. Note that the en-
tire system, including the
Pomona box, represents on-
ly a $15 accessory to a stan-
dard oscilloscope.

A pulse-generator circuit
is shown in Figs. 5(a) and
5(b). Here we see a mono-
stable multivibrator (one-
shot) driven’ by a square-
wave source such as the
one in Figs. 4(a) and 4(b).
The detailed circuit for the
one-shot stage is given in
Fig. 5(b).

A typical test setup is
shown in Fig. 6(a). The inter-
connections between in-
struments is accomplished
by a special tee-box—see
Fig. 6(b). The circuitry is
housed in a Pomona box fit-
ted with three BNC or (if
older test equipment is
used) SO-239 UHF connec-
tors. When building the tee-
box, keep leads as short as
possible; use “good VHF
layout practices.” Note that
the tee-box is not needed if
vou build your own pulse/
square-wave signal source
that incorporates similar
elements.

TDR Methods
There are two methods by

FORWARD WAVE
-

REFLECTED WAVE

U —

Fig. 9a). The adjusted wave-
form.

TEE-BOX

GENERATOR

Fig. 6(b). Tee-box detail.

which we can use TDR on
simple systems. If a pulse-
train signal source is used,
we will get indications such
as Fig. 7. The forward pulse,
as applied by the signal
source, will have a higher
amplitude and sharper fea-
tures than the reflected
pulse. Coaxial code normal-
ly attenuates signal, so one
would expect the ampli-
tude to decrease. The wave-
shape also will change
since this attenuation is dif-
ferent for different frequen-
cies.

Notice that the reflected
wave is different in (a) and
(b) in Fig. 7. In (a) we see the
situation existing when the
transmission line is unter-
minated, i.e., open-circuit-
ed. Here the reflected pulse
has the same polarity as the
forward pulse. If there is a
break in the coax line, then
we will see this waveform.
The situation for a terminat-
ed or shorted line is shown
in (b): here the reflected
wave has a reverse polarity.

The length of the line can
be found from the time T re-
quired for the reflected
pulse to return to the point
of origin. The following fac-
tors affect T: length of the
line, velocity factor of the
line, and constant repre-
senting the speed of light.
Our basic equation is:

L=983.5VI/2

Ly » Lo

o

OSCILLOSCOPE DISPLAY

Fig. 9b). Sum of the forward
and reverse voltages.

-q FORWARD PULSE

REFLECTED
PULSE

Fig. 7. TDR with a pulse-train
signal source.

where L is the line length in
feet, V is the velocity factor
(0-1), T is the round-trip time
in microseconds, as mea-
sured on the oscilloscope,
983.5 is the speed of light in
feet per microseconds (ft/
us), and 2 represents the fact
that T is a round-trip time.

We can rearrange the ba-
sic equation to also find T
or V, as needed:

V=21L/983.51
T=21/983.5V

Let's work an example of
each. Let’s say we have a
long piece of 75-Ohm coaxi-
al cable used as a data line
between the computer and
a CRT video terminal. Your
boss knows you catch bul-
lets in your teeth and dab-
ble in ham radio. You, there-
fore, are the resident expert
and have to find out where
the signal went. Being smart
enough to subscribe to this
magazine, you remember
this article and pull it out.
You obtain a pulse wave-
form similar to (b) in Fig. 7
and measure T as 0.63 mi-
croseconds. How far down
the line is the short? First,
we must determine the ve-
locity factor. Since most
TV-type coax is foam, we

IL"I'H'

Fig. 9c). Load impedance
less than surge impedance.
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Communications Electronics,
the world's largest distributor of radio
scanners, is pleased to announce
that Bearcat brand scanner radios
have been acquired by Uniden Corp-
oration of America. Because of this
acquisition, Communications Elec-
tronics will now carry the complete
line of Uniden Bearcat scanners, CB
radios and Uniden Bandit™ radar
detectors. To celebrate this acqui-
sition, we have special pricing on the
Uniden line of electronic products.

Bearcat? 300-E

List price $549.95/CE price $339.00
7-Band, 50 Channel ® Service Search ® No-
crygtal scanner ® AM Aircraft and Public
Service bands. ® Priority Channel » AC/DC
Bands: 32-50, 118-136 AM, 144-174,421-512 MHz
The Bearcat 300 is the most advanced automatic
scanning radio that has ever been offered to the
public. The Bearcat 300 uses a bright green fluo-
rescent digital display, so it's ideal for mobile
applications. The Bearcat 300 now has these added
features: Service Search, Display Intensity Control,
Hold Search and Resume Search keys, Separate
Band keys to permit lock-inflock-out of any bandfor
more efficient service search.

Bearcat® 20/20-E

List price $449.95/CE price $269.00
7-Band, 40 Channel ® Crysialless ® Searches
AM Aircraft and Public Service bands ® AC/DC
Priority Channel ® Direct Channel Access ® Delay
Frequency range 32-50, 118-136 AM, 144-174, 420-512 MHL
Find an easy chair. Turn on your Bearcat 20/20
and you're in an airplane cockpit. Listening to all
the air-to-ground conversations. Maybe you'll pick
up an exciting search and rescue mission on the
Coast Guard channel, In aflash, you're back on the
ground listening as news crews report a fast
breaking story. Or hearing police and fire calls in
your own neighborhood, in plenty of time so you
can take precautions. You can even hear ham radio
transmission, business phone calls and govern-
ment intelligence agencies. Without leaving your
easy chair. Because you've got a Bearcat 20/20
right beside it

The Bearcat 20/20 monitors 40 frequencies from
T bands, including aircraft. A two-position switch,
located on the front panel, allows monitoring of 20
channels at a time.

Bearcat® 210XL-E

List price $349.95/CE price $209.00
6-Band, 18 Channel ® Crystalless ® AC/DC
Frequency range 32-50, 144-174, 421-512 MHz
The Bearcat 210XL scanning radio is the second gener-
ation scanner that replaces the popular Bearcat 210
and 211. It has almost twice the scanning capacity of
the Bearcat 210 with 18 channels plus dual scanning
speeds and a bright green fluorescent display. Auto-
matic search finds new frequencies. Features scan
delay, single antenna, patented track tuning and more.

Bearcat® 260-E

List price $399.95/CE price $249.00
8-Band, 16 Channel ® Priority ® AC/DC
Frequency range 30-50, 138-174, 406-512 MHz
Keep up with police and fire calls, ham radio operators
and other transmission while you're on the road with a
Bearcat 260 scanner. Designed with police and fire
department cooperation, its unique, practical shape
and special two-position mounting bracket makes hump
mounted or under dash installation possible in any
vehicle. The Bearcal 260 is so ruggedly built for mobile
use that it meets military standard 810c¢, curve y for
vibration rating. Incorporated in its rugged, all metal
case isaspecially positioned speaker delivering 3 watts
of crisp, clear audio.

NEW!

+» See List of Advertisers on page 98

NEW! Bearcat® 201-E

List price $279.95/CE price $179.00
9-Band, 16 Channel ® Crysitalless ® AC only
Priority ® Scan Delay ® One Key Weather
Frequency range 30-50, 118-136 AM, 146-174, 420-512 MHZ
The Bearcat 201 performs any scanning function you
could possibly want. With push button ease, you can
program up to 16 channels for automatic monitoring.
Push another button and search for new frequencies.
There are no crystals to limit what you want to hear.

NEW! Bearcat® 180-E

List price $249.95/CE price $149.00

8-Band, 16 Channel ® Priority ® AC only
Frequency range: 30-50, 138-174, 406-512 MHz
Police andfire calls. Ham radio transmissions. Business
and government undercover operations. You can hear it
all on a Bearcat 180 scanner radio. Imagine the thrill of
hearing a major news event unfold even before the
news organizations can report it. And the security of
knowing what's happening in your neighborhood by
hearing police and fire calls in time to take precautions.
There's nothing like scanning to keep you in-the-know,
and no better way to get scannerradio performance ata
value price than with the Bearcat 180.

Bearcat® 100-E

The first no-crystal programmable handheld scanner.

List price $449.95/CE price $234.00/SPECIAL!
8-Band, 16 Channel ® Liquid Crystal Display
Search ® Limit » Hold ® Lockout ® AC/DC
Frequency range: 30-50, 138-174, 406-512 MHz

The world's first no-crystal handheld scanner has
compressed into a 3" x 7" x 1%" case more scanning
power than is found in many base or mobile scanners.
The Bearcat 100 has a full 16 channels with frequency
coverage that includes all public service bands (Low,
High, UHF and “T" bands), the 2-Meter and 70 cm.
Amateur bands, plus Military and Federal Government
frequencies. It has chrome-plated keys for functions
that are user controlled, such as lockout, manual and
automatic scan. Even search is provided, both manual
and automatic. Wow...what a scanner!

The Bearcat 100 produces audio power output of 300
milliwatts, is track-tuned and has selectivity of better
than 50 dB down and sensitivity of 0.6 microvolts on
VHF and 1.0 microvolts on UHF. Power consumption is
kept extremely low by using a liquid crystal display and
exclusive low power integrated circuits.

Included in our low CE price is a sturdy carrying case,
earphone, battery charger/AC adapter, six AA ni-cad
batteries and flexible antenna. The Bearcal 100 is in
stock for quick shipment, so order your scanner today.

Bearcat® DX1000-E

List price $649.95/CE price $489.00
Frequency range 10 kHz to 30 MHz. )
The Bearcat DX1000 shortwave radio makes tuning in
London as easy as dialing a phone. It features PLL
synthesized accuracy, two time zone 24-hour digital
gquartz clock and a built-in timer to wake you to your
favorite shortwave station. It can be programmed to
activate peripheral equipment like a tape recorder to
record up to five different broadcasts, any frequency,
any mode, while you are asleep or at work. It will receive
AM. LSB, USB, CW and FM broadcasts.

There's never been an easier way to hear what the
world has to say. With the Bearcat DX1000 shortwave
receiver, you now have direct access to the world.

Uniden® PC22-E

List price $159.95/CE price $99.00

The Uniden PC22 is a40 channel AM remote mobile CB
radio. It's the answer fortoday's smallercars which don't
always provide adequate space for mounting. Since all
the controls are on the microphone, you can stash the
“guts” in the trunk. The microphone has up/down
channel selector, digital display, TX/RX indicator and
external speaker jack. Dimensions: 5%" W x 7%" D x
1% H. 13.8 VDC, positive or negative ground.

QUANTITY DISCOUNTS AVAILABLE
Ordertwo scanners at the same time and deduct
1%, for three scanners deduct 2%, four scanners
deduct 3%, five scanners deduct 4% and six or
more scanners purchased at the same time
earns you a 5% discount off our super low
single unit price.

e e T
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Extraneous Signals

Both Bandit™ radar detectors er-umrc EDILT™ the
Electronic Data Interference Terminator that edits-out
false alarm signals.

Uniden® PC33-E

List price $59.95/CE price $44.00

The Uniden PC33 boasts a super-compact case and
front-panel mike connector to fit comfortably in today's
smaller cars. Controls; Power & Volume, Squelch;
Switches: ANL. Other features of the PC33 include
Graduated LED"S"/RF Meter, Digital channel indicator,
Dimensions: 8" Wx 6" D x 1%" H. £13.8 VDC.

Uniden® PC55-E

List price $89.95/CE price $59.00

The full featured Uniden PC55 front-panel mike con-

nector makes installation easier when space isafactor.
It has ANL, PA-CB, Channel 8 and RF Gain switches.
LED "S"/RF meter, TX lite, PA & external speaker jacks.
Dimensions: 6" W x 6" D x 1%" H. £13.8 VDC.

Bandit” Radar Detectors

Now that everyone else has taken their best shot at
radardetection, the Uniden Bandit™ hasdone them
one better...with E.D.L.T.;” the Electronic Data
Interference Terminator that actually edits-out
false alarm signals.

The Bandit 55, features aconvenient brightness/
dimmer control forcomfortable day ornight driving,
plus a handy highway/city control for maximum
flexibility wherever you drive. The Bandit 95 Remote,
is a two-piece modular unit that lets you mount the
long-range radar antenna behind the grill, out of
view. The ultra-compact control unit can then be
inconspicuously tucked under the dash or clipped
to the visor.Order Bandit55-E for$118.00 each or
the Bandit 95-E Remote for $139.00 each.

OTHER RADIOS AND ACCESSORIES
FB-E-E Frequency Directory for Eastern U.S.A.....$12.00
FB-W-E Frequency Directory for Western U.S.A... . §12.00

BC-WA-E Bearcat Weather Alert™. . ................ £35.00
ABO-E Magnet mount mobile antenna ............. £35.00
ATO-E Base station antenna.........ccoiniviinnnns $35.00

Add $3.00 shipping for all accessories ordered at the same time.,
Add $3.00 shipping per scanner antenna.

BUY WITH CONFIDENCE

To get the fastest delivery from CE of any
product in this ad, send or phone your order
directly to our Scanner Distribution Center.
Michigan residents please add 4% sales tax or
supply your tax |.D. number. Written purchase
orders are accepted from approved govern-
ment agencies and most well rated firms at a
10% surcharge for net 10 billing. All sales are
subject to availability, acceptance and verifica-
tion. All sales on accessories are final. Prices,
terms and specifications are subject to change
without notice. All prices are in U.S. dollars. Out
of stock items will be placed on backorder
automatically unless CE is instructed differ-
ently. A $5.00 additional handling fee will be
charged for all orders with a merchandise total
under $50.00. Shipments are F.O.B. Ann Arbor,
Michigan. No COD’s. Most products that we sell
have a manufacturer's warranty. Free copies of
warranties on these products are available
prior to purchase by writing to CE. International
orders are invited with a $20.00 surcharge for
special handling in addition to shipping charges.
Non-certified checks require bank clearance.
Mail orders to: Communications Electron-
ics,” Box 1002, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 per scanner, radar detector or
CB or $12.00 per shortwave receiver for U.P.S.
ground shipping and handling in the continental
U.S.A. For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping charges are
three times continental U.S. rates. If you have a
Visa or Master Card, you may call and place a
credit card order. Order toll-free in the U.S. Dial
800-521-4414. In Canada, order toll-free by
calling 800-221-3475. WUI Telex CE anytime,
dial 671-0155. If you are outside the U.S. or in
Michigan dial 313-973-8888. Order today.
Scanner Distribution Center™ and CE logos are trade-

marks of Communications Electronics” Ad# 070184-E
+ Bearcat is a registered trademark of Uniden Corporation,

Copyright® 1984 Communications Electronics

OrderToll Free...call

1-800-521-4414

4 COMMUNICATIONS
ELECTRONICS" _..

Consumer Products Division

818 Phoenix O Box 1002 O Ann Arbor, Michigan 48106 U. .S A
Call TOLL-FREE 800-521-4414 or outside U.S.A. 313-973-8888
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The Best Active Antenna
COSTS LESS!

The new ARCOMM AP4 active
tuned antenna/preselector is the
most versatile, best performing
unit available. Ideal for use where
outside antennas are not possible.

995

including FREE AC adapter

FEATURES:
s Tunes 540 KHr thru 12 MHz in four bands
o Improves RF selectivity and image response ol any receiver

= AcCcepts up 1o four external antennas

o Internal telescoping antenna provides excellent resulrs
e Switched oulput jacks provided for up 10 three receivers
o Operates on internal 9 volt battery (not included) or AC adapies

o AC adapter included at no extra cost

e Full twelve month himited warramy

« Ten day return privilege if not completely saristied

To order, send check or money order plus $3.00 shipping
PA residents add 6% sales tax. Dealer inquires invited

ARCOMM

can assume V=08. There-
fore:
L=983.5VT/2
L =(983.5)0.8Y0.63)/2
L =495.7/2 =248 feet
Tracing the line on the
building plans, you find the
area where the short should
be found. Coing to that ar-
ea, you find a carpenter at
work subdividing a room—
and find the nail he drove
through your coax! You
hold off busting his chops

In' EL

CRUSHED CABLE

24 Valley Streel
Lewistown, PA 17044
:rm 143-??39

when you notice the ham-
mer in his hand.

You can use the same
equation to find the length
of coax needed to accom-
plish a specified delay. Co-
ax delay lines are used of-
ten and are a lot cheaper
than lumped-constant de-
lay lines.

d

=

IL-I: Iu

LINE UNTERMINATED
(2, = ®)

SHORTED CABLE

Fig. 10. A variety of traces.
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It is necessary to know
the actual velocity factor
(V) of a piece of coax. If you
are trying to make a quar-
ter- or half-wavelength stub,
then the velocity factor
must be known. For noncrit-
ical applications, we can
accept the common wisdom
factors of 0.66 for regular
cable, 0.7 for Teflon® and
0.8 for foam. But actual
velocity factors often differ
from these values, so they
must be measured.

Make the measurement
of T using about 50 feet of
cable. The precise length
must be known, and the
load end should either be
left unterminated or ter-
minated in a severe mis-
matched impedance. This
latter stipulation is needed
to enhance the reflected
pulse. If L and T are known,
then V can be computed. If
you make enough measure-
ments on coax, you will find
that published velocity fac-
tors are quite nominal and
that the range of V for sup-
posedly identical samples
of cable is quite large. In
fact, you may well come to
doubt much of the “stan-
dard wisdom” published
about transmission lines pop-
ular in amateur radio.

The alternate method
used for amateur TDR uses
a square wave rather than a
pulse. Adjust the square-
wave frequency and the os-
cilloscope timebase to dis-
play the top portion of the
square wave as shown by
dimension “A” in Fig. 8. For
a perfectly symmetrical
square wave, the period will
be approximately 2A, so the
frequency will be 1/2A.

In Fig. 9(a), the upper
waveform represents the ap-
plied square wave as viewed
on an oscilloscope adjusted
per above instructions. The
lower trace is the reflected
wave.

The display on the oscil-
loscope will be the sum of
forward (Vg) and reverse (Vg)
voltages, such as Fig. 9(b).
In the case where the load
impedance is equal to the

coax surge impedance (ie,
Z,=2Zy), the trace will be
similar to the upper trace in
(a). The trace in (b) repre-
sents the case where the
load impedance is greater
than the surge impedance
(Zy > Zg), while 9(c) is that
obtained for Z; less than Z
(Le., Zi. < Z.n]

These traces not only tell
us the direction of mis-
match but also the approxi-
mate magnitude (in the
form of a vswr). Using the
designations of Figs. 9, we
can compute the approxi
mate vswr from:

vswr = Vg+VR/VE—

The vswr measurement
thus obtained is only ap-
proximate because trans-
mission line attenuation re-
duces the reflected power
returning to the transmitter
end. This method, like all
other methods, produces
valid results only when the
measurement is corrected
for normal attenuation ef-
fects and the line is a multi
ple of half wavelength.

Fig. 10 shows the results
of square-wave TDR for var-
jous situations. Fig. 10(a)
shows the situation where
Z, =Z. If the system is per-
fect (rare!), then the upper
horizontal line in (a) will be
perfectly flat. If there are
glitches in that portion,
then it may indicate anom-
alies on the line. | have seen
both minor crushes or
bends and in-line connec-
tors splicing sections of line
cause anomalies in an oth-
erwise perfect trace. For
connectors, the glitch may
be slight (especially if BNC
connectors are used), but it
will be present.

The traces shown in Fig.
10 demonstrate the wide
degree of change of the
trace caused by line prob-
lems. Although Time Do
main Reflectometers are
complex instruments com-
pared with our simple sys-
tem, our system is capable
of giving us a great deal of
data about transmission
lines that would otherwise
be difficult to obtain.
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AUTOMATIC
ANTENNA MATCHER

: :;E- . _ 'ﬂ:l';giq .: e
: i é-\.- >£v.-“.ﬁ;.: 'E: .
HiGOH SREED iufn'ﬁT]ﬂ__
ANTENNA m'@ﬁf" =

e S
200 warrs pes.

i3 o ‘?::ﬂ ?HE‘ s

-

ONE ANTENNA .3 TO 70 MHZ.
VSWR 1.5:1 OR LESS

UNEXCELLED FOR “FREQUENCY HOPPING”

* NO MOVING PARTS ! * 100% SOLID STATE !

* 5 YEAR WARRANTY ! * NO CONTROL LEADS !
* INSTANT MATCHING ! * LIGHT WEIGHT !

* 50 OHM INPUT 1 * HIGH EFFICIENCY !

* LOW NOISE ! * 200 TO 2KW. P.E.P. !

* DIPOLE ! * LONG WIRE !

* MARINE ! * MILITARY !

* AMATEUR ! * AVIONICS !

* NOW IN USE ON THE FOLLOWING NAVY VESSELS *

* USS ENTERPRISE * USS HECTOR * USS SARATOGA * USS PHOENIX * USS PRAIRIE *
* USS LEXINGTON, AND US NAVY M.AR.S. *

“NEW R.F. GROUNDLESS LONGWIRE MODELS
NOW AVAILABLE”

CONTACT
MAGNUM DISTRIBUTORS INC.

1831 South Dixie Highway, Pompano Beach, Florida 33060
o 305-785-2002 » Telex 514365 (English FTL)
§ SRS AR SRR AGE GRS R IEE SRR TSRS ES RO D SN B BNRIEHINOBORG NS REPTEECE ST
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DOCTORDX .. &~<A

Work The World With No Antenna

@b‘-

For the active CW operator, there is nothing more fun than operating with the “Doctor DX’ CW DX
simulator. For the person who has never liked CW, Doctor DX will show you what real fun is. Doctor DX
has something for everyone from the aspiring Novice to the experienced Amateur Extra Class licen-
see. And you need no FCC license to operate Doctor DX!

With Doctor DX, all you need is a Commodore-64 computer, a key (or keyer),anda TV set. Thereis no
need for an expensive transceiver, amplifier and antenna farm to enjoy the thrill of working “rare DX.”
No more TVI| or dead bands! Doctor DX is more than the most sophisticated CW trainer ever devel-
oped, it is your DXpedition ticket to anywhere in the world at a very affordable price.

Doctor DX simulates real H.F. CW band conditions. All the stations you will work are generated by
the computer. As you tune up and down the particular band you have selected, you will hear realistic
sounding stations in contact with other stations (some within your skip zone). There is also the normal
QRN and QRM one would expect to hear in the real world. All call letters heard are totally random (sub-
ject to the country’s callsign assignment rules). The prefixes are weighted according to the Amateur
Radio population density, with 304 possible countries represented. The speed of stations operating in
the lower portion of the bands is much faster than those operating in the upper band segments. The
“operators’ are also more polished in the lower portion of the bands.

Radio propagation (programmed for each band) represents what you would expect to hear on a
good propagation day at the peak of the sunspot cycle. The propagation follows the internal real-time
clock that you set before beginning operation. All the simulated stations you hear (with proper pre-
fixes) are at distances you would expect to hear for the time of day and band selected.

You can learn and enhance your CW operating skills with Doctor DX. Doctor DX will not reward bad

habits. AEA even offers an awards program to owners of Doctor DX that work all zones, 100 countries,
5 band Dr DXCC, or Doctor DX Honor Roill.

The Doctor DX CW trainer is a totally new concept in Amateur Radio. See what all the excitement is
about. Send for full details, and see your dealer for a demonstration.

Send Us Your QSL Today And We Will Rush Full Details!

Advanced Electronic Applications, Inc.

P.O. BOX C-2160 « LYNNWOOD, WA 98036
(206) 775-7373 » TELEX: 152571 AEA INTL

Brings you the
Breakthrough!
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Advanced Electronic Applications, Inc.

Doctor DX "Challenge
" A= AN

DOCTOR DX CONTEST BOX

Az S o S AT SN e & E}
Advanced Electronic Applications Inc. TOP TOP
] Dercc SPRINT SCORES MARATHON SCORES
3 1 1.
This that ; - §
has this WWM:WAE& * nn:mt DX ™™ (5 1994 ALA
sh successful two-way contacts with at least 4 4. i e T 25:16:54 UTE
Y 100 prefix countries on the Doctor DX™ E 5 5. li g RATE P 00:00:00
. CW trainer., ' - 104/MR | NSEW 40N, 122%H
=) *3id WILL YOUR CALL APPEAR HERE? ‘il; iﬁ[ 04 7901 7,683 004
'.n = E WRssans NTEZ] T3 50368
By ok Y E T E i v i i —

For good clean, competitive fun, Doctor DX™ shows your score and QSO rate for continuous moni-
toring of your improved CW operating skills. The DDX-64 can be a vehicle for fairly settling those club
rivalries by competing with your friends under identical operating conditions.

AEA also has two on-going CW contests that you can enter with Doctor DX as your own schedule
permits. The AEA SPRINT CONTEST is a timed non-stop eight hour event and the AEA MARATHON
CONTEST is a timed 24 hour non-stop event. The top 5 contest scores will be published in our future
advertisements and upgraded periodically as new higher scores are achieved.

In addition to the two AEA contests, we are offering award certificates for achieving certain mile-
stones. You will be automatically alerted when you have achieved these milestones by adisplay at the
bottom of the monitor screen.

AEA DrDXCC is achieved when you have worked 100 different countries, regardless of the frequen-
cy band or the amount of time operated. DOCTOR DX WAZ can be earned by working all 40 CQWW
zones of the world, without regard to the band or duration of operating time. The DOCTOR DX HONOR
ROLL is reserved for top notch operators capable of working 250 countries without regard for band or
operating time. Additional endorsement awards are available for each additional 10 countries worked
up to 300 (out of 304 possible) countries. AEAS BAND Dr DXCC is avery difficult award to achieve. It re-
quires working 100 countries on each of five different bands, without regard for the amount of operat-
ing time.

Each award can be obtained by filling out a photocopy of the award application form (supplied)
along with the score information and qualifying check sum from your screen display. Please enclose
$3.00 to cover handling costs for each certificate ($1.00 for Honor Roll endorsements). Awards will
only be granted to owners having a Doctor DX warranty card on file.

There is no need to ever be bored with your hobby again just because the bands are dead or you are
apartment bound. Try Amateur Radio’s own version of Solitaire - DOCTOR DX.

P.O. BOX C-2160 » LYNNWOOD, WA 98036
(206) 775-7373 » TELEX: 152571 AEA INTL

Brings you the
Breakthrough!
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FIRST WITH Us, [l Ees ==
THEN THE WORLD! —

Better communications start with your subscription
to 7 Amateur Radio’s Technical Journal

Start my nﬂ—nsk subscription today and send me 12 issues of 73 for $19.97. I understand

YES 'that with payment enclosed or credit card order I will receive a FREE issue making a
*total of 13 issues for $19.97.

(J CHECK/MO (IMC L] VISA L1 AE [ Bill Me $19.97 for 12 issues

Card # Exp. Date

Signature

Name

Address

City State Zip
Fovn S 825,00, 1 e oy, US o e on US bk Amateur Radio’s Technical Journal £
Foreign airmail please inquire. Please allow 6-8 weeks for delivery. PO Bnl 931‘ Fﬂ"‘"imlﬂi NY 11 ?3? @
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Bencher 1:1 BALUN

* Lets your antenna radiate, not your coax

 Helps fight TVI—no ferrite core to saturate or re-radiate
» DC grounded—helps protect against lightning

» Heavy brass contact posts; non-rusting materials throughout
= May be used witn antenna tuners; rated 5KW peak

« Handles substantial mismatch at legal limit
* Built-in center insulator; Amphenol® coax connector
= Rugged UV resistant custom Cycolac® case, not plastic

plumbing parts

ZA-1A $17.95 ZA-2A $21.95

3.5-30mHz

2 METER EADIOS

AIDEMN FLCH

X200 HAT 3.8 MEM.SCAN, LCD, . - . 268. 00

AZDEM PCS—400 MUBILE, 25MW. 14 MEM, SCAN. . 275,00

EDE-2033 MOBILE,.?SW, 11 MERM,SCAN.LECD....285.00
SANTEC ST-142 HIT 3.5W, 10 MEM, SCAN. LCD. 285 .00
1 EMFO 15 H/T SW, 3 MEM, THUMBWHEEL . . . . . 255. 00
EMFDO ‘.:i 151 5=15 WITH 18 EEY TONE FAD.. '.-"5 )
TENTEL ;hwl H/1T Z.5W.10 MEM.S5CAN,LCD. . .273.00)
2 METER Ha&NDHELD ACCESSDRIES

HI~RAT SPARE BATITERY FOR PLCS-300. . 44« 25,00
HT-ESM CFEANMER MIFE FOR PCS~30H). . oo v = - 27 .00
HT-LG LEATHER CASE FOR PCS—300. .. 4= = 27 .00
51 ~SO0HS qFHHF BATTERY FOR ST-142......- 22,00
SHM-" GFEAKER MIKE FOR S1-142. .. v cves 0. 00
L LEATHER CASE FORE ST=Y42. . ..... 320
51-40C AT CHARGER FOR ST-142 (4-&HR) . .60, 00
ST-BRC A0 CHARGER FOR ST-142 (&-BHR)..24.00
ACH-15 AU DUICE CHARGER FOR S—-15. ... .- =4, ()
=10 LEATHER CASE FOR S5-15_..... a el a O
P15 0D & CHARGING CORD FOR S-15...-13.00
BE- 1% SPARE BATTERY FIOR S-15. . ccecsaa P, O
HM-15 SPEAFER MIEE FIOR 5—15. ¢ o sss 31 .00

2 METER BASE ARNTEMNNAS

BUTTERNUT ZHCV S/B WAVE TROMBONE. .. .....32- 00
BUTTERNLIT Z2MCV-5 5/8 SUPER TROMBONE. .... %7.00
CUSHCRAFT ARXZE RINGD RANGER Il....0e0.- 38. 00
CUSHCRAFT Al47-11 11 ELEMENT BEAM. ... .- S0 00
CUSHERAFT AL47-201 20 ELEMENT TWIST....- L5 00
CUSHCRAFT Z14R % 214FF 14 ELEMENT BEAM..85.00
CUSHCRAFT Z2°-19 19 ELEMENT BEAM:cvsvasas PG _ O
T METER MORTLE ANTENNAS

AVANT I AFLIS1.36 1/2 WAVE "ON GLASS"..30.00
CUSHCRAF T AMS-147 S5/8 WAVE MAGNET MOUNT. 30.00
CUSHECRAFT A15-187 S5/8 WAVE TRUNE MOUNT. . 20,00
2/ ' HETER AMPLIFIERDS

MEJ—-2040 2 IN 20 OUT-FITS M TOF. OF HAT. 70000
i1 RRiEE B234 2 IN 20 DUT WITH PREAMP. .. 75,00
MIRAGE Bliog FMAsSSE TOW 1IN BOW DUT . ... 100200
M1 RAGE Blola FM/SSH LoW IN 160W DUT. .Z235.00
M1 EAGE RRGIA FRASSE - -30OW TN 1&0W DUT. - 205, 00
kYD HIGH-POWER HLIOV 2 IN 30 DUT...... &0 Ot
IO 0 HIGH-POWER HL3ZV 2 IN 30 OUT...... 80 . 00

[0 rid
[0l
T ¥l

HIGH-POWER HI.B2V 10 IN BO OUT....140,00
HIGH FORER HL—116% 3 TN 100 DUT. . 215,00
HIGH-FOWER HL1&V 10 IM 140 DUT..S10, 00

YT HIGH-FOWER HL14ADV2S 25 TN 160 -DUTZE0. 00
220MHS RADIOSE & ACCESSORIES

Sahl | EC = *: AT, 2.5W, 10 MEM. , BCAN. . 29900
M 1 FAGE F=22 220 AMF 2 IN 20 OUT....... 7500
FHSHCRAFT AMS-220 5/8 WAVE MAGNET MOUNT . 30, OO0
CUSHCRAFT ATS-220 578 WAVE THRUNE MUOLUNT. . B0
AIDEN & Kbk 220MHI RADIDSE COMING SOON. .. .CALL
HE FADIOS

MEG o/ 1&H. S5R/CW. 4 MEM, 5 WAY SCAN. .. .850. 00
TENTEL ARGOSY 100W,S5BR/CHW, | 0—80M DIG...S510.00
IENTEC CORBAIR 200W, SSRE/CW. 10-160M. . ... 9. 00
ROTORS &% CARlE

L= 735 Gl TANCE HEAYY DUTY ROTOR. ... 10500
L1 )6 &l L TANCE L IGHT DUTY ROTOK. .. ...20,00
Elda 1 U # COMMMICTOR RDTDR CABLE. .FPER FT.0.320
D | MINT RGE (RGAXY COAX....- FER F1.0.13
ORs RG-—81) SUUFPERFIEX CODAX...--PER F1.0. 11}
J053 RE-213 MIL-SFEC COAX. - =» FER. FT.0.350

Hours: 8:30 a.m. to 5:00 p.m. Monday thru Friday

9:00

14-30 mHz, with hardware for 2" boom

e R,

Available from your

$2.00 handling

(312) 263-1808

ELECTRONIEC EEYERS & EKEYS

e A0l ECONOD KEYER: Tl . o vcessnoaea
MEJd 408 DELUXE ELECTRONIC KEYER....

dealer. In U.5. A add

333 W. Lake St., Chicago, IL 60606

i 152

MFEJ 410 DELUXE KEYER & RANDOFM CODE GEN. 115.00

FMiFd 422
MFJ 481 50 CHARACTER MEMORY EKEYER. .
MEJ 484 400 CHARACTER HMEMORY KEYER.
VIBROFLEX
YIBROFLEXY IAMBIC DELUXE FPADDLE KEY.
VIBROFLEX YIBRO KEYER STANDARD.....
VMIBROFILER VIBRO EEYER DELUKE. . .aaaas
VMIEBROPLEX BRASS RACER IGMBIC. o o - - -

VIBROFLEY BRASS RFACER EE—-1 WITH KEYER..

HE ANTENNAS

IAMBIC STAMDARD FPADDLE EEY. ..

DELUXE EKEYER 0ON BENCHER FPADDLE. .%5.00

..... 45 . 00

- T 00

RUTTERNUT HE&SY 10-B0M & 30M VERTICAL ... 115.00

BUTTERNUT HEAVE EXPORT MODEL......-

Rifk-=11 ROOF MOUNT K17 FOR HFA&6V..
SiE—1.1 STUB TUNED RADIAL KIT FOR
[BR—1 &0 160 METER EIT FDR HE&V. ..

MINT—FPROD HE-1 HM—2Z20M MINI BUfD. ...

MILSON(MACDY Y-S0 1020 & ELE.
WILSON(MACD) JI3-46MF

HF MOBILE ANTENNAS

..... Z& 00

125. 00

HF &V28. OO

..... 49 . 00
w3 BT
WILSON(MACDY) SY—313 10-20M 3 ELE. HEAM..
BEAM. . 255, 00
40 ADD DN ElT.z e e 70, 00

190, 00

HIUSTLER Fil—-1 MAST . .25, 040 MO—-2 MAST....25.00
HUSTEER: BRMAA00 s L2000 RM=105,. s es 1E L hCH
HUSTLER' RM—15..4::= 1200 RM—155. . ... 15, O
HUSTLER RM=20. .z.«= 4 (R oy o By S 22 00
HUSTLER EM=40., :.+18.00 HA405...:.%=- 2D
HUSTLER RM-75....:: 2100 RM—7o8., s osu Fho0E
HIUSTLER: BEM=80.....2 Fl.oemd RM-BOS. . ...a. Ty D

ANTEMNA SWITCHES & SWR/WATTHMETERS

MILLER C5—-201 2 FOSITION COAX SWITCH..Z0.00
MILLER C5-401 4 POSITION COAX SWITCH..&2. 00
HILLER CH=—&Z0R 1.8—130MHZ SHE/WATT. . « 105,00
MILLER CHR=720R 1.8=1530MHZ SHR/WATT. .. 135,08
MILLER CN=630 180=-450MHI SHR/AWATT . . « « 129.00
WEL 2 FF=035% 350=-500MHZI SW FOR Hr'T. v e+ 200 00
MED 7 = et WL B=150MHI. FOCKET SIIE. . 35.00
FIOWER SUFFLIES BY mMALCD

2006 BAMF SURGE. &AMF 4AME CONT . - 40, 00

M
Zoio 12AMF SURGE, 1OAMF 1N
SO0 ZaaFF SHURGE .. 2081 IN
2030 36AMF BURGE ;. J0AME TN
4050 Z0AMF - CONTINUDUS HEA

AMTERNA TUNERS

T
I
!
I

W

« » SAMP CONT. .50.00
« » L2ZAMP CONT. . B0, OO0
-« 1BAMP COMT. 110,00
Y. DUTY: Fr9.

wn L, CHE)

MEI-F410C ANTENNS THNER/SWR HMETER 1:4BAL. 75.010
MFJ—-941D NEW IMFROVED YERSION OF 9410. ..%0.00
MEJ-98% 3kW ROLLER INMICTOR 1 LIHEH ...... 13 e 0
HMILL ER CHNAIOOLIA AUTOMATIC TUNER 200W. . . 25%5. 010
COMPUTER ACCESSORIES

EANTRDNICS HAMSOFT FOR ATART . . c v s s s s s s = 5. 00
EANTRONICS HAMSDET FOR TI- % s e s assssaas . 00
EAMTREONICS HAMSDFT FDOR TRS-80. . 2o caueaa 4. 00
EANTEONICS: HAMSOFT FOR NVIC—20. (5 s sssas 4 5.0
EANTRONICS HAMTEXT FOR VIE-20. .icceacsvs e CH
EANTRONICS HAMTEXT FOR COMMODORE &4.....%0.00
MEJ= 12248 CW/ARTTY RS0 COME.  INTERFACE. .HY . 00

MEFI—1228 AMTOR/CWARITY/RS5CT T CARTRIDGE . » 601, (1)

ELDSEFMMS—FRICES GO WHILE
HY AN

BlaN HEM2ZO0 HE -MOBILE SWRAWATIMETER
Vi FRODLICTS 1 &I

YAESU FV-%0r1 EEMOTE ‘VEOQ: FOR FI-901.<.

ah-BS .6 METER & ELEMENT BEAM..
IMNERSFACE 20 AMP- FORER BUFPFLY. - - - 2 -

BLUFPLY LASTS

« PO, OV
Marar Sl b L
..... AE . a0

-Fa 2M 150 Frs558 ARMP.. 2335000

| B5 . 00

o

CALL FRANK WD5GZU, JOE KASROQ
OR STEVEN KA55WI| FOR QUOTES

== ON OTHER RELATED

COD Avallable

a.m. to 2:00 p.m. Saturday - CST

Prices subject to change without notice.

~ See Lis

t of Advertisers on page 98

FOR ORIGIN.

Amateur
Equipment,
Accessories

& Antennas.
Export Anywhere

2317 Vance Jackson Rd.
San Antonio TX 78213

(512) 733-0334

o |-1.|.

Ll

PRODUCTS

E P B
=% 1.-.| -1:-1-

r‘ — '-1
Mosler Cord i

4

=

(Toll free number 800-531-5405)

REASONS WHY
KNOWLEDGEABLE
AMATEUR RADIO
OPERATORS CHOOSE

10

flexible,
electrically
transparent
Phillystran

1. non-absorption and no
re-radiation of radio signals.

2. no need to compute non-
resonant lengths.

3. complete elimination of RFI
associated with steel guys.

4. substantial reduction in
guy-installation time.

5. no more cutting of steel
cable to install insulators
and cable clamps.

6. no more handling of steel
cable; and no “fish hook™
frayed ends to snag your
hands.

7. non-corroding and
maintenance-free.

8. high strength combined
with lightweight, non-
stretch and inherent
flexibility.

9. a neater, more aesthetically
pleasing tower appearance.

10. substantial reduction in ice
loading.

FIELD PROVEN: More than 450
commercial radio & TV towers
have been guyed with Phillystran.

Pourable resin provides convenient,
highly efficient terminations.

TECHNICAL LITERATURE
AVAILABLE. Call/write

/,? 4724 /r;'? o202 308

P.O. Box 454 e 20 Commerce Drive,
Montgomeryville, PA 18936
Telephone: (215) 855-8450

Telex B4-6342

Cable: Philres MMLL

DISTRIBUTORSHIPS AVAILABLE
to qualified suppliers of
amateur-radio equipment
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Harry D. Hooton We6TYH
1420 Shamrock Lane
Lincoln CA 95648

The Aussie Parasol Beam

What has twelve corners, three bands, and uses

he Australian ham with

Novice-license privileges
s limited to certain frequen-
cies and very low antenna
power—somewhere in the vi-
cinity of 20 Watts PEP. Nev-
ertheless, many of these Nov-
ices (not necessarily begin-
ners in electronics) produce
outstanding signals all over
the globe on the 10- and
15-meter bands. Some of
these stations, such as
VK7KDR (formerly VK7NDR),
VK7NRD, VK3VGW, and
others that | have worked
over 100 times, have spent
many hours hand-honing
their antenna systems close
to perfection.

During the years 1978
through 1982, when | was

140 feet of wire? Hint: It’s not a quad.

on the air every day, there
were many VK Novice sta-
tions that consistently laid
down S9+ signals at
W6TYH. My curiosity be-
ing aroused, | contacted
most of these hams and
found that they were using
the VK2ABQ “parasol”
beam antenna described
by Fred VK2ABQ in the Oc-
tober, 1973, issue of Elec-
tronics Australia.

| wish to express my grat-
itude to the many VK hams
who mailed me photo-
copies of the original arti-
cle and others that showed
more recent modifications
of this unusual antenna

IRECTOR

N\

FIBERGLAS

wensin ]

|

\ SPACING /

/

OR BAMBOO {
CROSSARMS |\

4

system.

=
[] INSULATOR
¥

Fig. 1. Australian parasol beam antenna. Construction is
similar to one frame of a cubical quad, but plane of loop is
parallel to surface of the earth. Array is horizontally

polarized.
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One of the features of
the parasol array that first
caught my attention was
its small, compact size. |
immediately had visions of
a 40-meter beam using a
parasol-type loop. It is also
suitable for the ham who
wants a triband antenna
system but is cramped for
space. Because it Is very
light, when constructed
with ordinary copper-wire
conductors and bamboo or
fiberglass spreaders, it can
be rotated with a heavy-
duty TV antenna rotator.

To satisfy my curiosity, |
built and tested a dual-
band parasol array with
loops for the 10- and 15-
meter bands only. Al-
though the installation was
not permanent, the follow-
ing data should be of in-
terest to all hams who de-
sire a low-cost, simple, and
low-weight antenna system
for the three highest HF
bands.

Antenna Design
As shown in Fig. 1, the

parasol antenna consists
basically of two wire con-
ductor elements, each of
which has its ends bent in-
ward at right angles to the
center section. Since most
of the radiated field from
an antenna element ema-
nates from the center por-
tion, the radiation efficien-
cy is not noticeably poorer
than that of a given ele-
ment that used inductive
traps or other shortening
devices. As shown here, the
parasol array is a modified
2-element vyagi, using a
driven element and a para-
sitic director.

The Australian versions
of the array are fed directly
at the center(s) of the driv-
en element(s) with 72-Ohm
coaxial cable. Although no
specific swr figures were
included in the photocopy
material received from
Fred VK2PHQ, | have been
informed that the line swr
is not greater than 2.5:1
when the three driven-ele-
ment feedpoints are con-
nected in parallel and fed
from a single 72-Ohm line.

Frequency(MHz) = B C D E E
?‘15 451 ?-1!- El 2" gi gu 4&1 ?u 25- 16. B"

14.3 23'5" 4’1" 410" 23'5" 12'6" 84"

21.3 e g .33 198" .85 58

28.6 5 e 293" IrET 83 42

Table 1. Approximate dimensions of elements and spacing
for 40-, 20-, 15-, and 10-meter parasol beam antennas.
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Fig. 2. General arrangement of pafam! beam antenna.

In the W6TYH experimen-
tal version, the driven ele-
ments were fed by separate
gamma-match arrange-
ments, the coaxial line be-
ing switched from one to
the other by a stepping
relay. It should be possible
to “match’ the 72-Ohm (or
52-Ohm) coaxial line to the
three feedpoints at a prac-
tical usable swr value by
attaching a suitable coaxial
line transformer to each feed-
point and connecting them
in parallel at the end of the
main transmission line.

The length of the folded,
or bent, end sections will
depend on the spacing be-
tween the driven and para-
sitic elements. In the
W6TYH experimental ver-
sion, the spacing (free
space) between the centers
of the driven and parasitic
elements was made 0.11
wavelengths to keep the
overall size as small as pos-
sible. Table 1 gives the di-
mensions of the parasol ar-
ray for one-, two-, or three-
band operation. The ele-
ment lengths, particularly
in the three-band arrange-
ment, are approximate and
should be “dipped” and
trimmed to resonance as
described later.

The approximate dimen-
sions A, B, C, D, and E of
Fig. 2 can be calculated by
the following formulas. As-
suming insulators I1 and 12
are 4 inches long, with F be-
ing the frequency in MHz
and A to E dimensions are
in feet A = 335/F, B =

58.3/F, C = 69.7/F, D =
335/F, and E = 178.75/F.

It must be emphasized
that the above dimensions
are approximate but will
be close to the actual oper-
ating values. The ends of
the element conductors
can be made about 3 or 4
inches longer than the cal-
culated values, as shown
at B in Fig. 2, and then
trimmed to resonate the el-
ement at its proper fre-
quency. In most cases, the
director element will func-
tion satisfactorily when cut
to the calculated value or
about 5 percent shorter
than the driven-element
length.

Practical Construction

To start, you will need
one spider or X mount,
such as those used in the
construction of the cubical
quad antenna. You also
will need four crossarm
(spreader) sections, as
shown. Each crossarm
should be at least 14 feet
long if a triband 20-15-10-
meter array is to be con-
structed. The crossarm
drilling data can be found
as dimension E in Table 1.
All of the wire elements
should be strung on the
frame before attempting
any resonance adjust-
ments.

With the array at least 8
or 10 feet above the
ground, start with the 10-
meter driven element and
resonate it as described in
the next section. Next, res-
onate the 15-meter driven

= ADJUSTABLE —»

Fig. 3. How the grid-dip oscillator is coupled to the feed-
point of the driven element [see text).

element and recheck the
resonant frequency of the
10-meter driven element.
Third, resonate the 20-me-
ter driven element and
recheck the resonant fre-
quencies of both the 15-
and 10-meter elements. In
the prototype array at
W6TYH, the interaction be-
tween the three driven ele-
ments was negligible as far
as the dip meter indication
was concerned. However,
when each driven element
was being adjusted for low-
est reflected power at its
feedpoint, the swr reading
changed when the match-
ing adjustments of the
other driven elements were
moved.

It is likely that the great-
est interaction will take
place when all three feed-
points are connected in
parallel and fed by a single
coaxial transmission line. If
the line swr is not higher
than 2.5:1 on the element
with the highest swr, usual-
ly 20 meters, the perfor-
mance of the array will not
have deteriorated to any
great extent and an anten-
na tuner can be used at the
transmitter end to present
a 50-Ohm-resistance load
to the transmitter output
terminal.

Resonance Adjustments

As in any other parasitic
array, the parasol antenna
will give optimum perfor-
mance only if the driven
and parasitic elements are
resonant at their proper
frequencies. The length di-
mensions given for the par-
asitic director elements are
about 5 percent shorter
than those of the driven el-
ement. In the prototype ar-
ray, the parasitic directors
were calculated and cut
according to the formula.
The directors performed
satisfactorily without fur-
ther adjustment. The driv-
en-element lengths re-
quired adjustment, howev-
er, as outlined below.

The preliminary driven-
element adjustments are
most easily made with a
grid-dip oscillator and a
calibrated receiver. First,
make a 1- or 2-turn link coil
from no. 14 soft-copper
wire and with a diameter
small enough to fit snugly
over the grid-dip oscillator
coil. As shown in Fig. 3, the
link-coil ends are fitted
with small copper alligator
clips. Connect the alligator
clips to the center ends of
the driven-element con-
ductors, as shown. Slip the

covered household type
4 bamboo spreaders

4 U-bolts, 1-1/4"

cluded in above total.

1 marine plywood, 3/8” x 18" x 18"
4 carriage bolts, 4-1/2" x 1/4"
4 carriage bolts, 2-1/2" x 1/4"

Miscellaneous (alligator clips, etc.)

Parts List
140 feet, no. 12 copper wire, plastic

@ 10¢ per ft. $14.00
@ 50¢ ea. 2.00
@ $2.00 2.00
@ 30¢ ea. 1.20
@ 25¢ ea. 1.00
@ 75¢ ea. 3.00
2.00

$25.20

Note: 52- or 72-Ohm transmission line and insulators not in-
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Fig. 4. Array assembly, parasol antenna.

link coil over the grid-dip
coil form, and rotate the
grid-dip oscillator dial until
a deep null or “dip” is in-
dicated.

With the calibrated re-
ceiver, check the grid-dip
oscillator at the point
where the null occurs. Dur-
ing this first check, the res-
onant frequency of the
driven element is almost
certain to be very close to,
or outside, the lower fre-
quency limits of the ama-
teur band. Clip off half an
inch or so of the excess
wire at the support insula-

|

tors and repeat the pro-
cess. Be sure that you
check the grip-dip oscilla-
tor frequency with the cali-
brated receiver each time
that a dip is indicated. Do
not depend on the calibra-
tions of the grid-dip oscilla-
tor dial as the oscillator
will be pulled off calibra-
tion by absorption of the rf
energy by the driven ele-
ment at its point of reso-
nance. This pulling effect
can be reduced by reduc-
ing the coupling between
the grid-dip os