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ONLY ICOM COULD BUILD
THIS MANY FEATURES INTO
SUCH A TINY RADIO -

Flexible Size And Power, The IC-25A packs 2.5 watts function,

pritth su .t _'BI;%‘;T? IC-ZSPfLT. 3SA anltli _léthAT's plus select&;lb{:
ICOM's new “S Series" mini handhelds Inte ttery packs 2 watts of output on high power. pause times whi
deliver top performance on the 144, 220 and All models deliver five watts when powered via scanning. Additional
mmnzoﬁands with super easy operation and ional BP-85 battery pack or via top-mounted features include:
a kaleidoscope of features. Buift to fit your 8 volt socket. A small rig with a big punch! Automatic Power
needs today, tomorrow, anywhere and anytime. 48 Memories, Store your present frequencies Shut-off. Built-in program-
and expand your future interests. Offset fre- ‘mable timer automatically
quencies are independently programmed switches off transceiver when
in memory channels 0-9, Memories 10- you forget. Optional DTMF Paging
47 use offset frequency contents of Function. Silently monitors any
the VFO. Also includes soft-sector selected .frequeni_y or your ];slregm
memory masking. Use only the ﬁmmeﬂ 3digit DTMF-keyed calls, then
number of memories you need! ps and displays calling station’s code.
Band and Memory Scan- Al ICOM's “S Series” handhelds are sup-
ning with programmable ported by an extensive line of optional battery
limits, memory skip packs, chargers, cases, speaker/mics and other
accessories. See the exciting new ICOM mini-
a series handhelds at your authorized
\ & ICOM dealer today!
Wide Frequency Coverage. Plenty Q//// oM A, e
of overlap for scanning, monitoring, Four Power & 3150 Promier Drive, Sufe 126, Ining, TX 75063
CAP and MARS use. F 25A/ Selections - 7/ WIS e Sufe 201 Atari, GA 30049
IC-2SAT: 138-174MHz Rx, IV ey 3 \un - #5 Road, Unit , Fichmond, BC. V6X 2T4 Canada
140-150MHz Tx. o 5, " koo pageiarinhg b o ey
IC-3SAT: 220-25MHz . ;\ - . kel st i)
Rx/Tx. IC4SAT: 3 ~ o Y
440450MHz Sy Y
x/Tx. _ 2
Codg
1 g
g
e

ICOM

First in Communications




THE TRADITION LIVES ON...
TOMORROW’S TECHNOLOGY TODAY

LOOK TO EIMAC-

QA\I
493/ £

3CX1200A7
Y 1500 watts from
a single rugged tube

For over fifty years Eimac has supported
the amateur radio fraternity with the finest
power tubes in the world. Started by radio ama-
teurs, for radio amateurs, Eimac continues its
tradition of dedication to amateur radio. The
new 3CX800A7 and 3CX1200A7 are examples
of this continual dedication to the development
of tubes for amateur use.

varian@eimac

3CX800A7

1500 watts of high
performance from
a pair

The FCC now allows 1500 watts output
power; these new tubes are tailored to the chal-
lenge. Enjoy the improving band conditions, the
new WARC bands, and upgrade to 1500 watts
output in your new linear.

301 Industrial Way / San Carlos, CA 94070 / 415-592-1221

1678 South Pioneer Road / Salt Lake City, UT 84104 / 801-972-5000
w107




KENWOOD

..pacesetter in Amateur Radio

Three Choices for 2m!

TM-2570A/ 255OA/ 2530A

Feature-packed 2m FM
transceivers

The all-new “25-Series” gives you
three RF power choices for 2m FM
operation: 70 W, 45 W, and 25 W.
Here’s what you get:

* Telephone number memory and
autodialer (up to 15 seven-digit phone
numbers). A Kenwood exclusive!

High performance GaAs FET front end
recewver

23 channel memory stores offset,
frequency, and subtone. Two pairs
may be used for odd split operation

16-key DTMF pad with audible monitor

Extended frequency coverage for
MARS and CAP (142-149 MHz; 141-151
MHz modifiable)

L]

Center-stop tuning—a Kenwood
exclusive!

Actual size front panel

KENWOOD

[scan _ Low |

=COmTO PUSH ON

* New 5-way
system

adjustable mounting
e Automatic repeater

another Kenwood exclusive!
s Direct keyboard frequency entry
e Front pant

CTCSS enc
(optional)

der includes 974 Hz

TM-2570A

144MHz FM TRANSCEIVER

eCS0O RESET = CHL | DCL

Optional Accessories

e TU-7 38-tone CTCSS encoder
* MU-1 DCL modem unit

® VS-1 voice synthesizer

* PG-2N extra DC cable
'PGSB|]"|H |||I'|f_|-|

* MB-10 I--il-! ||..':.||. bracket

* CD-10 «

. F‘S 430 | )C o

M-2550A/2530A/3530A

o SP-41 (

s PS-50 DC power supply for TM-2570A
* MC-60A/MC-80/MC-85 desk mics

* MC-48B extra DTMF mi
* MC-43S UP/DWMN mit

* MC-55 (8-pin) mobile mi
ompacl mobile 5
* SP-50B mobile speaks

e SWT-1 2m antenna tuner

ith UP/DWN switch

with time-oul timer
peaker

r LCD and back-it
C t:r][rwl h r excellent visibility

® The TM-3530A is a 25 watt version
covering 220-225 MHz. The first full

offset selection

programmable 38-tone

featured 220 MHz ng!
Introducing...

a-l- Digital Channel Link

Compatible with Kenwood's DCS
(Digital Code Squelch), the DCL system
enables your ng to automatically QSY
to an open channel, Now you can auto
matically switch over to a simplex
channel after repeater conlact! Here's
how it works
The DCL system searches for an

pen channel, remembers it, returns
to the oniginal frequency and transmits
ontrol information to another DCI
equipped station that switches both
radios to the open channel. Micro
processor control assures fast and

re ||-_1l:|r. operation. The whole process

happens in an instant!

KENWOOD

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP
PO.BOX 22745, 2201 E. Dominguez Street

Long Beach, CA 90801-5745

KENWOOD ELECTRONICS CANADA INC.
P.O. BOX 1075, 959 Gana Court

Mississauga, Ontano, Canada L4T 4C2
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Backscatter

Ode to the Death of PRB-3

When PRB-3, the bill to allow special callsigns, was first announced | was overjoyed at the prospect
of being able to get a coveted 1x2 callsign. No longer would | be asked if | belonged in the Extra part
of the band. I coulid rightfully join my Extra class brethren as 71?7 Or so | thought.

| have never been overly attached to any of the three calls I've had. As a Novice, WN1IGG wasn't
bad, but the phonetics were horrible — Weston's Number 1, | Go Goofy. Gratefully, | never went on
the General bands with that one. When | finally passed the General in 1972, the FCC gave me WATQWW.
Now there was a call you could be proud of — WA1 Quarter Wave Whip. There was a nice ring to
it on CW too. However, | was still searching for the "perfect” call. In 1978, it was time to move on and
get my Advanced. Did | want a new call? Surely, | didn’'t want KA1sumthinorother. Group C calls sounded
good, so | ended up with NTACH.

When | got to HR in 1979, | felt duty bound to upgrade to Extra in keeping with our high tech image.
It wouldn't look good for me to have just the Advanced. Soooo0, | got my Extra. But for some reason,
| didn't put in for a callsign change. Maybe the 2x1’s at the time didn't have enough pizazz to me.

That all changed when PRB-3 was announced. Whoopee! Now | can get the call | want. What would
| get? | really liked the W1X series of calls. So, | went through the list 1o see what was available. Jim
Kearman had let W1XZ go. That had a nice CW ring to it. So did a few others. But | felt.I'd be taking
someone else’s property.

Then it hit me.

What better call to ask for than W1HR, Jim Fisk’s old call. Now this call has pizazz! | felt it would
be a fitting tribute to Jim's memory to carry on his call here at HR. Contests and DX circles would ring
again with the familiar W1HR call. Could | get it? Would someone else beat me to the punch?

Getting ready for the FCC to implement PRB-3, | figured | would either FAX, FedX, or maybe even
hand carry an application to the authorized “giver of callsigns.” This was an opportunity | wasn’t going
to miss. | wanted W1HR so bad | could almost taste it.

At the Dallas ARRL 75th Anniversary Convention in June, the FCC announced that they had killed
PRB-3. This dashed my hopes of ever getting that super special callsign I've been waiting for, once
and for all. It also means that, unless there is a major change in the FCC, expired calls will never again
be reissued. There are plenty of us who would be happy to reactivate those calls — but ‘tis never to be.

Well one cannot be disappointed forever. Now I’'m playing the waiting game for the next best thing
— NX1?2. If | time it right, mebbe I'll get NX1H. It's a roll of the dice at best, but it's all | have left to

get that “special” callsign.
de NX1? dba N1ACH
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T1S-940S

Competition class

HF transceiver
TS-940S—the standard of
performance by which all
other transceivers are judged.
Pushing the state-of-the-art
in HF transceiver design and
construction, no one has been
able to match the TS-940S in
performance, value and reli-
ability. The product reviews
glow with superlatives, and
the field-proven performance
shows that the TS-940S is
“The Number One Rated HF
Transceiver!”

* 100% duty cycle transmitter

-.-.r,‘_-.-:}-;-.u ihes transmil auty
ycle time. The TS-940S 1s guar
inteed to operate at full power

I['l ut for pern

d exceedmg

one hour_ 14.250 MHz, CW 110
vatts.) Perfect for RTTY
nd other long-duration moade

» First with a full one-year
limited warranty.

*» Extremely stable phase lock-

ed loop (PLL) VFO. Reference
equency accur
n parts per million!

1CY

Optional accessories
1-940 tull range (16(

ntenna tuner ® SP-940 exterr
it 11O Tilte ] @

-4 J-1 (250 H

f BA-1(6 kb

ntt o . 1

KENWOOD

ter in Amateur Radio

paceset

e Complete all band, all mode

AF signal spectrum
AF tune operation
eThe AF TUNE lunction reduces
interlenng signals and whité noise
oThs tunchion should only be used
duting opetation in the CW mode

LA Wy |
CW VBT transceiver with general
i o ‘:’;r":‘: coverage receiver. Rect
' ! (CW) wvers 150 kHz-30 MHz. A
L | | 4 Intertering node uill=ir FM W, FSk
Interfering , | | signals SB, USHE
signal i i 4 (SSB) e S
cwy 4 | \/ '_'“4-'\' e Superb, human engineered
! -4 N\ front panel layout for the
cw VBT DX-minded or contesting
ham. Large flu scent tlube
nain 1 cimmer; direcl
2. Desired signal f frequency

1eel type main tunming knob

Y

18] 1l encoder mecnansn
Il combine to make the TS-9405
joy to operale

One-touch frequency check
(T-F SET) during split
operations

Unique LCD sub display indi

of the desired signal

cates VFO, graphic indication

1) CW Variable Bandwidth Tuning. Vary the
passband width continuously in the CW, FSK
and AM modes. without affecting the center
frequency. This eftectively minimizes ORM
from nearby SSB and CW signals

2) AF Tune.Enabled with the push of a button
this CW interference highter inserts a tun
ahle, three pole active filter between the 558/
CW demodulator and the audio amplifier Dur
ing CW 050s, this control can he used tc
reduce interfering signals and noise, and
peaks audio frequency response for optimum
CW performance

of VBT and SSB Slope tuning
and time

Simple one step mode chang
ing with CW announcement
Other vital operating func
rfull

3) SSB Slope Tuning. Operating in the L5Band
USB modes. this front panel control allows
independent continuously vanable adjust
ment of the high or low Irequency slopesofthe
IF passhand. The LCD sub display llustrates
the filtering position

L]

tions. seleclt

4) IF Notch Filter. The tunable notch filter break-in C (
sharply attenuates interfening signals by as quelct
much as 40 dB.As shown here_the interfering witch. ¢

signal is reduced, while the desired signal A speech
remains unaffected The notch filter works in

all modes except FM

variable ntrol

pilch

ind RF power output

ntrol, pr ']IJ']'I'l'iI-l“lii nd
rd hannel

DIocessor

135 UP/DOWN h

15 deluxe bs

ind

'KENWOOD

nonit
2008 and 52000 KENWOOD U.S A CORPORATION
e |F-232C/HF-10B ,',-'1‘ Dominguez St., Long B A !
PO Box 2274F B h CA




Learning CW a ‘“‘plus”’
for all hams

Dear HR

Concerning the no-code proposal:
| feel that some opposition should be
laid out to avoid dangers to the Ama-
teur Radio service. Some of the prob-
lems created by having no code as an
enticement into the Amateur Radio
ranks are as follows:

Having a lack of CW knowledge in
a state of emergency can prove disas-
trous. The no-code proposal, if
passed, will let flocks of hams into the
VHF and UHF ranks. This may be nice
for a while, but then it will be proposed
for the HF ranks. Pretty soon, CW itself
will be the "obsolete language” of ham
radio.

Eliminating the code test makes a
mockery out of all the hams who have
studied so hard to join the elite ranks
of Amateur Radio in the first place.
New young hams? Why is the code so
hard for them to learn? It seems to me
that the complaints stem from the older
hams who just can't grasp the lan-
guage. | was licensed all the way to
Extra by the time | was 13 years old.

Pointing to CW as a learning block
for all of the new hams is absolutely
wrong. Come on! How about all of the
new computer programmers who want
to get onto radio? Anyone who can
program those machines of splendor
and strength should be able to pass
a CW test.

The problem of slowing Amateur
Radio growth stems from the older,
experienced hams not getting the new
ranks involved. Walking down a city
street, probably only 5 in 20 people
know what ham radio really is! Let's get
on our feet and wave the Amateur
Radio banner.

Instead of standing around arguing
whether we should pass a CW test or
not, let's pass out the code tapes and
get rolling! | have five new friends who
are getting their licenses soon, CW
capable of course. See you on the
bands, CW no doubt!

John Muhr, KTOF,

Littleton, Colorado
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Preservation — our
right

Dear HR

The late great Radio Amateur, Col.
Clair Foster, WBHM (who personally
paid for the first state-of-the-art ARRL
headquarters station, WIMK), used to
stress an argument that strongly calls
for retention and expansion of our ham
bands:

“They are like our national parks,” he
said. “They provide for the exercise of
a valuable national talent {see Sec. 1
of the FCC rules). We don't log our
national parks, do we? Taking ham fre-
quencies for commercial use should
not be permitted any more than the
despoiling of our national parks for
profit.”

Louis R. Huber, W7UU,
Seattle, Washington

A tradeoff

Dear HR

| just read Bill Orr's “What is the cor-
rect radial length?"" portion of April's
Ham Radio Techniques. Bill surmised
that radial length as compared to
wavelength may not be critical in the
HF spectrum. | have to agree, since |
often wondered just exactly what peo-
ple mean when they refer to “resonant
radials.” Are there things? | didn't think
that radial’s exhibit any reactive charac-
teristics which are necessary to qualify
as a tuned circuit. Isn't the primary
obijective to reduce ground resistance
as much as possible in order to cap-
ture the greatest amount of displace-
ment currents?

When reading many of the antenna
books one might assume that if you're

constructing a multiband vertical for
HF you should cut radials at different
lengths for the different bands. Not so,
bury as many as you can and as long
as your pocket book can afford. The
impact on SWR should be dealt with
after obtaining the highest efficiency
possible. New hams would be well
advised that a higher SWR due to an
increase in length or number of radials
is not indicative of a poor system. It
simply means that since you have
decreased ground resistance which
results in increased efficiency, you
must change something in the system
that will “rematch” the transmission line

and antenna.
Patrick Bouldin, KM5L,
Lancaster, Texas

Better management of
HF bands needed

Dear HR

Enough is enough. I've been
involved with ham radio for about 25
years. | spend all my radio time on the
HF bands, especially 20 and 10. The
atrocities that take place nowadays are
demoralizing and the list is long: peo-

‘ple tuning up on QSOs, running a car-

rier on DX, contacts on contacts as if
500 kc wasn't close enough, calling
CQ without checking for a clear fre-
quency first, deliberate malicious inter-
ference, not giving consideration to
phone nets, RTTY on phone QSOs,
etc. Even on CW some of the same
problems exist.

It used to be the first time you did
something wrong you received a let-
ter from the FCC. Nowadays, nobody
worries because they know that noth-
ing is going to happen to them. After
recent calls to my local FCC office and
section manager | find this to be unfor-
tunately true. | think it's time to admit
that the Amateur community is not
capable of handling the job of self-
policing. If it comes down to the point
where the FCC can't do the job
because of money, then we're doomed
to be no better off than the CBers.

Glenn Durant, KBOBHN,
Firestone, Colorado
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TH-25AT/asat

New Pocket Portable
Transceivers

The all-new TH-25 Series of pocket trans-
ceivers is here! Wide-band frequency cov-
erage, LCD display, 5 watt option, plus...

e Frequency coverage TH-25AT: 141-163

iif

MARS/CAP Permits required.)
TH-45AT: 4
* Automatic P
reliable RF
® 14 memornes; twi
(o kH2z steps)
mali

. itts fr K

o | ar nult

* Rot aia

CTI( Al Lor
{ nr Ale
pene

emory ]
i i

CTCSS encoder /de

» Supplied accessories: &

battery pack for 2.5 watts o

Optional accessories

* PB-5 72V, 200 mAh NiCd pack for 2.5 Woutput  PB-6
72V, 600 mAh NiCd pack = PB-7 72V, 1100 mAh NiCd pack

« PB-B 12 V. 600 mAh NiCd for 5Woutput = PB-9 72V, 600
mAh NiCd with built-in charger » BC-10 Compact charger

« BC-11 Rapid charger = BT-6 AAA battery case = DC-1/PG-2V
OC adapter » HMC-2 Headset with VOX and PTT « SC-14,15,
16 Soft cases » SMC-30/31 Speaker mics = TSU-6 CTCSS
decode umit » WR-1 Water resistant bag

KENWOOD

KENWOOQOD U.S.A. CORPORATION
2201E. Dominguez St., Long Beach, CA 90810
2745, Long Beach, CA 90801-5745




MFJ] TUNERS

The MFJ-989C 1s not for everyone.

However, il you do make the
investment you get the finest 3 KW
PEP tuner money can buy - one that
will give you a lifetime of use, one
that takes the fear out of high power
operation and one that lets you get
your SWR down to absolute minimum

The MFJ-989C is a compact 3 KW
PEP roller inductor tuner with a new
peak reading Cross-Needle SWR/Watt-
meter. The roller inductor lets you get
your SWR down to absolute minimum.

Here is the finest 3 KW PEP Tuner money can buy with roller inductor,
dummy load, new paak reading meter, antenna switch, balun and more ...

With three continuously variable
components - two massive 6 KV
capacitors and a high inductance
roller inductor - you get precise control over

MFJ-989C ’3 4 9 8s

SWR and the widest matching range
possible from 1.8-30 MHz.

You get a new lighted peak and
average reading Cross-Needle
SWR/Wattmeter with a new more
accurate directional coupler.

You get a giant two core balun
wound with teflon wire for balanced
lines and a 6-position antenna switch
with extra heavy switch contacts.

Its compact 10%x4/2x15 inch
cabinet fits right into your station

You get a 50 ohm 300 watt dummy
load for tuning your exciter, a tilt
stand for easy viewing and a 3-digit
tumns counter plus a spinner knob for
exact inductance control. Add $10 s/h.

2-knob Differential-T™ Tuner

! The new MFJ-986 Differential- T™ 3
326995 KW PEP 2-knob Tuner has a ditferential
capacitor to make tuning foolproof
and easier than ever. It ends constant retuning with
broadband coverage and gives you minimum SWR
at only one best setting. Covers 1.8-30 MHz.

The roller inductor lets you tune your SWR down
to absolute minimum. A 3-digits turns counter lets
you quickly return to your favorite frequency.

You get MFJ's new peak and average reading
Cross-Needle SWR/Wattmeter with a new directional
coupler for more accurate readings over a wider
frequency range. It reads forward/reflected power in
200/50 and 2000/500 watt ranges. Meter lamp is
front panel switched and requires MFJ-1312, $9.95.

A new current balun for balanced lines reduces
feedline radiation and forces equal currents into
antenna halves that are not perfectly balanced for a
more concentrated, stronger signal. Add $10.00 s/h

MFJ’s Fastest Selling Tuner

The MFJ-941D is MFJ's fastest selling
MFJ-9410 300 watt PEP antenna tuner. Why?
$4 Q9 95 Because it has more features than
tuners costing much more and it
matches everything continuously from 1.8-30 MHz.
It matches dipoles, vees, verticals, mobile whips,
random wires, banlanced and coax lines.
SWR/Wattmeter reads foward/reflected power in
30 and 300 watt ranges. Antenna switch selects 2
coax lines, direct or through tuner, random wire,
balanced line or tuner bypass. Efficient airwound
inductor gives lower losses and more watts out.
Has 4:1 balun. 1000 V capacitors. 10x3x7 inches.

MFJ’s Random Wire Tuner
Mr-16010 33995

You can operate all o o
bands anywhere with any
transceiver when you let
the MFJ-16010 turn any random wire into a
transmitting antenna. Great for apartment, motel,
camping operation. Install a wire anywhere! Tunes
1.8-30 MHz. 200 watts PEP. Ultra small 2x3x4 in.

|n- ™0

MFJ . . . making quality affordable

MFJ’s Best 300 Watt Tuner

The MFJ-949C gives you more

MFJ-949C precise matches than any tuner that
$4 4995 uses two tapped inductors. Why?

Because you get two continuously
variable capacitors that give you infinitely more
positions than the limited number on switched coils.

This gives you the precise control you need to get
your SWR down to a minimum. After all, isn't that
why you need a tuner? Covers 1.8-30 MHz.

You also get MFJ's lighted 2-color Cross-Needle
SWR/Wattmeter, 6-position antenna switch, 50 ohm
300 watt dummy load and a built-in balun - all in 2
compact 10x3x7 inch cabinet that fits right into
your station. Meter light requires MFJ-1312, $9.95.

With MFJ's best 300 watt PEP tuner you get an
MFJ tuner that has earned a reputation for being
able to match just about anything - one that is
highly perfected and has years of proven reliability
MFJ’s Mobile Tuner wr.9asc
sgQos
Don't leave
| home without

] this mobile
uner! Have an uninterrupted trip as the MFJ-945C
extends your antenna bandwidth and eliminates the
need to stop, go out and adjust your mobile whip.

You can operate anywhere in a band and get low
SWR. You'll get maximum power out of your solid
state or tube rig and it'll run cooler and last longer.

Small 8x2x6 inches uses little room. SWR/ Watt-
meter and convenient placement of controls make
tuning fast and easy while in motion. 300 watts
PEP output, efficient airwound inductor, 1000 voit
capacitors. Mobile mount, MFJ-20, $3.00.

144/220 MHz VHF Tuners
MFJ-921 36905-

MFJ's new VHF
tuners cover both .
2 Meters and the 220 MHz bands. They handle 300
watts PEP and match a wide range of impedances
for coax fed antennas. SWR/Wattmeter. 8x2'/2x3 in.
MFJ-920, $49.95. No meter. 4'/2x2"/2x3 inches.

ME)

MFJ ENTERPRISES, INC.

Box 494, Miss. State, MS 39762
(601) 323-5869; TELEX: 53 4590 MFJSTKV

MFJ’s Artificial RF Ground
$T7 995 mri931

You can
create an

ground and |
eliminate
RF “bites”, e
feedback, TVI and RFI when you let the MFJ-931
resonate a random length of wire and turn it into a
tuned counterpoise. The MFJ-931 also lets you
electrically place a far away RF ground directly at
your rig -- no matter how far away It is -- by tuning
out the reactance of your ground connection wire.

Barefoot/1.5 KW Linear Tuner

For a few extra dollars, the MFJ
s ;Hz'“gzcu 962C lets you use your barefoot rig
now and have the capacity to add a
1.5 KW PEP linear amplifier later. Covers 1.8-30 MHz.

You get two husky continuously variable capacitors
for maximum power and minimum SWR. And lots of
inductance gives you a wide matching range.

You get MFJ's new peak and average reading
Cross-Needle SWR/Wattmeter with a new directional
coupler for more accurate readings over a wider
frequency range. It reads forward/reflected power in
200/50 and 2000/500 watt ranges. Meter lamp is
front panel switched and requires MFJ-1312, $9.95.

Has 6-position antenna switch and a teflon wound
balun with ceramic feedthru insulators for balanced
lines. 10%x4'/2x14 7/8 inches. Add $10.00 s/h

MFJ’s smallest Versa Tuner
MFJ-9018
85 995
The MFJ

9018 is our

smallest - - -

5x2x6 inches - [and most affordable) 200 watt PEP

tuner --when both space and your budget is limited.

Good for matching solid state rigs to linears.

It matches whips, dipoles, vees, random wires,
verticals, beams, balanced and coax lines from

1.8-30 MHz. Efficient airwound inductor, 4:1 balun

FOR YOUR NEAREST DEALER OR TO ORDER

800-647-1800

* 1 year unconditional guarantee 30 day money
back guarantee (less s/h) on orders from MFJ e
Free catalog = Add $5.00 s/h (except as noted)
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VIBRATION INDUCED
YAGI FATIGUE FAILURES

By Dick Weber, K5IU, Box 44, Prosper, Texas 75078

agi element failure can be attributed to two basic
Ycauses. The first type of failure occurs when an ele-

ment isn't strong enough to hold up when forces
are applied. These forces may be caused by a thick layer
of ice, high winds, or a combination of the two. Under the
stress of these forces, the element either bends or breaks
off, with signs of bending in the area of the break.

The second type of failure takes place after an element
has been fluttering, or vibrating, in a relatively low wind
stream. The break caused by this kind of failure is quite
different. There's no sign of bending in the area of the break;
it's a jagged line through the element. In addition to ele-
ment fluttering, boom fluttering (although not as common)
can lead to the same failure.

Because there's no sign of bending you'll know that the
stress levels in the material are relatively low, yet failure
occurs. What causes an element to flutter in the wind? What
causes a break aithough the stress levels are well below
those required to bend the tube? And what methods will
minimize or eliminate this type of failure?

Understanding flutter

Two key areas that must be explored to understand flut-
ter are the vibratory aspects of the element and the forces
that set it in motion.

An glement has mechanical resonant frequencies which
can be excited. Figure 1 shows four modes of element
vibration and the shape the element takes during oscilla-
tion in each mode. These resonant modes happen at dis-
crete, not harmanically related, resonant frequencies. The
element has stiffness and mass — the necessary ingre-
dients for resonance. The modes are different situations
where the ingredients blend properly to yield resonance.
There's a separate resonant frequency with each mode. This
means the element can have several resonant frequencies.
Use the equations shown with each mode in Figure 1 to
calculate the resonant frequency for that mode. Equations
1 through 4 are for an element made of one tubing size!
Finding resonant frequencies for elements constructed of
telescoped sections is best handled by computer finite ele-
ment structural analysis programs. You can make approxi-
mations with the equations shown by selecting a tube
diameter the same as the second or third smallest in the
element. Table 1 shows the resonant frequencies for vari-

MODE 1 F = ass &L o
- ) wlt
I [ L |, ~8oom I
F =156 “Eth @
MODE 2 ;—SECOND PEAK-j

Ls ELEMENT HALF LENGTH
4 = MASS/UNIT LENGTH
OF TUBE

1= MOMENT OF INERTIA
E = YOUNG'S MODULUS
F= FREQUENCY

The four possible modes of element oscillation.

ous lengths and sizes of tubing for the first four modes. (Tel-
escoped elements will have resonant frequencies in the
ranges shown in Table 1.)

The mechanical resonances are lightly damped. Their
behavior is exactly like high Q resonant electrical circuits.
As a result, small exciting forces cause large displacement
oscillations. For this to happen, and for fiutter to be estab-
lished, there has to be an exciting force at or very near one
of the mode resonant frequencies. In addition, the excita-
tion must be maintained to sustain the element oscillation.
Where does this excitation come from? How can a mild wind
stream provide a vibratory input to initiate and maintain an
element oscillation?

Wind excitation

Several things can occur when air flows over a round
tube. At low wind speeds nothing happens. The air flows
around the tube creating no disturbances of any kind. At
higher wind speeds, the air can't cling to the back side of
the tube. This creates vortices, or swirls of air. At first the
vortices form in pairs coming from both edges of the tube.
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TABLE 1

Resonant frequencies of the first four modes for various element configurations.

Element
Tube Half Wall

Diameter Length Thickness Mode 1 Mode 2 Mode 3 Mode 4

(inches) (inches) (inches) (Hz) (H2) (H2) (Hz)
0.500 100 0.058 12 79 218 426
0625 100 0.058 16 100 27.8 54.5
0.750 100 0.058 19 123 338 66.4
0.875 100 0.058 23 145 399 78.3
0.500 135 0.058 07 4.3 119 234
0.625 135 0.058 09 55 15.2 29.3
0750 135 0.058 1.1 6.7 18.6 36.4
0.875 135 0.058 1.2 7.9 219 429
1.000 135 0.058 1.4 92 253 49.5
0.625 200 0.058 0.4 2.5 69 13.6
0.625 200 0.116 0.36 23 6.4 12.5
0.750 200 0.058 05 3.1 85 16.6
0.750 200 0.116 0.45 29 7.9 154
0.875 200 0.058 0.6 3.6 10.0 19.6
0875 200 0.116 0.5 34 9.4 18.3
1.000 200 0.058 0.7 4.2 115 225
1.000 200 0.116 0.6 39 10.6 21.3
1.125 200 0.058 0.75 47 13.0 255
1.125 200 0.116 0.7 4.5 124 24.3
1.250 200 0.058 0.83 53 145 282
1.250 200 0.116 0.79 5.0 13.9 27.2

As the wind stream velocity increases, the frequency of
IGURE 2 vortex formation accelerates. When the frequency of the vor-

tex shedding builds up sufficiently, the element stops vibrat-

ing because the excitation is not at, or near, a mode reso-
nant frequency. Similarly, as the wind speed decreases,
either vortices cannot be shed or the frequency of shed-

ding drops below a mode resonant frequency. The result
"\_/_.— is the same: the element stops vibrating.
——\/‘ As the wind speed continues to increase, vortices con-
tinue to be produced, but with greatly diminished ampii-
LOW WIND SPEED- NO PRODUCTION OF ALTERNATING tude. No effective excitation is produced above a certain

VORTICES air velocity. The result is a range of possible frequencies
that can excite an element. The element will flutter onty if

the wind sheds vortices from the tube at or near an ele-
+/X ment mode resonant frequency.
Use Equation 5 to find the shedding frequency.2 The term

Nr is an important parameter; it determines the interplay
of the tube size, air velocity, air density, and air viscosity.

Shedding occurs when Nr is in the range of 60 to 10,000.3
Although shedding can occur over this wide range of Nr,
other conditions may not be suitable for the initiation of ele-

HIGHER WIND SPEED- PRODUCTION OF ALTERNATING ment flutter.
VORTICES
4 20
f—3.52‘D°[]—W:| (5)
Diagram showing the cause of oscillation due to the creation of alter-
nating vortices. Nr =774 eVeD (6)

As the wind speed increases, the vortices leave first one

edge of the tube and then the other. The formation of the  f frequency of vortex shedding
vortices alternates back and forth between the two edges. (H2)

The result is an oscillatory pressure loading on the tube. V wind velocity (mile/hour)
When the frequency of vortex formation is the same asthe D tube diameter (inches)

I

resonant frequency of one of the element vibratory modes, Nr = Reynolds number (dimension-
the element begins to flutter. Figure 2 shows the various less) (air parameters factored
stages of vortex shedding. into coefficient)
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TABLE 2

Wind and frequency ranges for vortex shedding

Tube size Wind speed range Frequency range (Hz)

(inches) {mph)
0.250 0.30—52 2.8—730
0.375 0.20—-34 1.4—-318
0.500 0.16—26 0.8—182
0.625 0.13--21 0.5—-118
0.750 0.10-—17 0.3—80
0.875 0.09--15 0.2—-60
1.000 0.08—13 <0.2—46
1.125 0.07-11 <01-34
1.250 0.06—10 <1.1-28

Table 2 shows the wind speed ranges for tube sizes hav-
ing the correct Nr range. There's no reason to consider wind
speeds out of these ranges for a particular tube size when
using Equation 5. This means that for the tubing sizes used
in a Yagi element there's an upper and lower boundary to
the frequencies which may start fluttering. If an element is
made of several diameters of tubing, the upper and lower
shedding frequencies are determined by the smallest and
largest diameter tubes, respectively. Table 2 also lists the
range of shedding frequencies for each tube size. The pos-
sible frequency range is, theoretically, extremely wide.

The extremely low wind velocities within the range of Nr
offer little danger. There's generally insufficient energy in
the wind stream to cause pressure foadings of any
appreciable magnitude on the tube. In addition, at higher
wind speeds the flow is so turbulent that the vortices don't
alt shed from one side of the tube and then the other. They
come off the tube at about the same frequency, but not in
an orderly fashion.3

What then is the proper range of wind speeds which can
cause fluttering? My own experience and observations have
been of wind speeds less than 35 mph. This still leaves a
wide range of frequencies that can be generated by vor-
tex shedding. I've seen many elements vibrate in mode 2
and several vibrate in mode 3. I've also seen elements
vibrate at a fixed frequency even though the wind speed
wasn't constant. This indicates that a broad band of frequen-
cies can be generated by vortex shedding from the same
element, not only because of multiple element diameters,
but also because the shedding frequency isn't inherently
stable. | have never seen mode 1. Either there's insufficient
energy in the wind stream at these wind speeds, or the vor-
tices detach themselves when the element begins to vibrate,
and the element shuts itself down.

The possible range of exciting frequencies in Table 2
shows that these frequencies are in the range of the reso-
nant frequencies of the various tube configurations in Table
1. Don't consider the lower frequencies in Table 2 too seri-
ously; there's a very small level of energy in the correspond-
ing wind streams. It also appears that elements should
begin vibrating in any wind stream. In reality, this doesn't
happen. Even in view of the anomalies, you can gain insight
into the vibratory behavior of a fluttering element.

Element fatigue failure

An element that breaks as a result of sustained fluttering
fails by a different mechanism than if it bends due to a very

high force. When an element bends or breaks off because
of a very high wind or ice load, the yield stress of the mater-
ial has been exceeded. An element can be deformed by
a force below the yield stress, but when the force is removed
the element will return to its original starting point. For exam-
ple, if you pull a Yagi element with your hand, it will deflect
several inches. When you let go, the element will return to
its original shape. If you pull on the element enough to give
it a permanent bend, you have stressed the material above
its yield stress. Therefore, exceeding the yield stress results
in a permanent bend. If the yield stress is greatly exceeded,
the element will first bend and then break. An element
which fails due to fluttering breaks for a different reason.

When aluminum is flexed at levels below the yield stress,
no permanent bend results but damage accumulates. If the
flexing is repeated enough times, the accumulated dam-
age in the material results in a fatigue failure. The higher
the load, the less load applications are needed to give a
fatigue failure. The lower the load, the more cycles of appli-
cation are needed to create the same accumulated dam-
age. When an element flutters long enough, the accumu-
lated damage in the material gets to the level where the
element suffers fatigue failure 4 However, there's no sign of
a bend or evidence indicating the material has exceeded
its yield stress near the break.

Minimizing element failure

There are several things that can be done if an element
flutters. You can attempt a modification to the element to
limit the amplitude of the stress during fluttering. Try increas-
ing damping in the element to extend its life. This will lower
the Q of the mechanical resonance, which means that the
tube will take many more load cycles to generate a failure.
I've heard of people filling the inside of elements with foam
intended for sealing and insulating cracks and holes in
buildings. This method may work. But if you attempt this,
take two identical elements and foam only one. After the
foam has cured, shake both of them in your hand to see
if there is an appreciable difference in how the element
vibrates when excited. Shake the element to set up a mode
2 oscillation (see Figure 1). Once you have oscillation, stop
moving your hand and see how long it takes for the ele-
ment to stop shaking. If the foamed one damps out sooner,
you may have a working solution.

You might also modify the shape of the element so that
orderly vortices can't be shed. To do so, wrap a wire in a
helix around the element.5 The wire diameter should be
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TABLE 3

Resonant frequencies of the first four modes with 1/2” rope for various element configurations
Element

Tube half Wall

diameter length thickness Mode 1 Mode 2 Mode 3 Mode 4

(inches) (inches) (inches) (Hz) (Hz) (Hz) (Hz)
0.500 100 0.058 1.15 7.3 201 39.5
0.625 100 0.058 1.5 9.5 26.1 51.3
0.750 100 0.058 1.8 11.7 32.2 63.1
0.875 100 0.058 2.2 13.9 38.2 749
0.500 135 0.058 0.6 4.0 11.0 21.6
0.625 135 0.058 0.8 52 14.3 281
0.750 135 0.058 1.0 6.4 17.6 34.6
0.875 135 0.058 1.19 7.6 20.9 411
1.000 135 0.058 1.38 8.8 243 47.7
0.625 200 0.058 0.37 2.4 6.5 12.8
0.625 200 0.116 0.35 22 6.1 12.0
0.750 200 0.058 0.45 2.9 8.0 15.7
0.750 200 0.116 0.43 2.8 7.6 14.9
0.875 200 0.058 0.5 35 9.6 18.7
0.875 200 0.116 0.5 33 9.1 17.9
1.000 200 0.058 0.63 4.0 11.0 21.7
1.000 200 0.116 0.59 3.86 10.58 20.8
1.125 200 0.058 0.71 46 12.6 24.7
1.125 200 0.116 0.69 4.4 12.2 23.8
1.250 200 0.058 0.80 51 14.1 27.7
1.250 200 0.116 0.77 49 13.7 26.8

FIGURE 3

WINDING SPACING
SHOULD BE 5 TIMES

B00M TUBE DIAMETER
_\_ N\ U A W W W = ~tvers. e e

WIRE SIZE 20.09

TIMES TUBE DIAMETER /

Experimental method for eliminating the creation of vortices by
wrapping the elements with wire.

about 0.09 times the diameter of the element with the turns
of the helix spaced about 5 times the diameter. (See
Figure 3) | don't know if anyone has tried this approach.
I plan to experiment with it and | hope others will too. [t offers
the possibility of being the best solution. Rather than try-
ing to accommodate the production of vortices, this
approach may eliminate their generation. | know this idea
has been applied successfully to various types of structures,
like suspended pipelines and smoke stacks, but I'm not
aware of its use with Yagi elements.

You can attempt to retune the mechanical resonances
of the element out of the range of vortex shedding frequen-
cies in two ways. One traditional method is to use damp-
ing ropes inside the elements. Actually, damping ropes pro-
vide both a slight mechanical retuning of the element and
the addition of some amount of damping to lower the Q
of the mechanical resonance. My experience with damp-
ing ropes has shown them to be of little value. | had four
fatigue failures on a 20-meter Yagi and three on a 10-meter
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Yagi in one year. All had ropes. After the first break on each,
| changed the ropes to the largest possible size, with no
success.

The amount of mechanical retuning that results from plac-
ing a rope inside an element is shown in Table 3. 've cal-
culated the resonant frequencies with a 1/2-inch rope inside
the entire element length. A comparison of Table 1 and
Table 3 shows the resonant frequencies haven't been sub-
stantially altered. If anyone has had success with ropes, it
probably has been due to a lowering of the Q of the
mechanical resonance by providing some damping. This
was probably a marginal case. Evaluate this method the
same way you did the foamed elements. Perhaps you can
enhance the damping provided by the rope by gluing its
entire length to the inside of the element. You'll probably
have to soak the rope in an adhesive and coat the inside
of the element before pulling the rope through.

A weight fastened to the tip of an element can alter the
resonant frequency appreciably. Table 4 shows the same
element configurations, with a 3-ounce weight at the ele-
ment tip. This table compares the first mode with and with-
out the weight. There has been about a 40-percent reduc-
tion in resonant frequency. The second mode resonant
frequency will be reduced further, while the higher modes'
resonant frequencies will increase. | tested this on a 20-
meter Yagi element and found that adding a 3-ounce weight
cut the second mode frequency in half. The degree of retun-
ing depends on element configuration and weight size.

Several years ago Dennis Peters, NSUA (now deceased),
had a 10-meter beam which was losing an element about
every two months even though he had ropes in the ele-
ments. After some discussion and much frustration on his
part, he added weights o each element tip. Dennis used
large washers secured with hose clamps; they did the trick.




X-ing, contests, pile-
ups, traffic handling.
When you need to command
attention, you will with the
SB-1000 Linear Amplifier from
Heath. And you'll do it for a cost
that no one else can match.

From our recent DX-pedition
to Taiwan, operators casily
controlled pileups with the
SB-1000 and nothing more than
a dipole antenna. This means

that when conditions are tough,

you know you can depend on
your SB-1000 to lift your signal
above the rest. Whether
you're using a dipole or
stacked monoband beams.

Proven output power
We don’t play games by
using old rating methods to

make you pay for input
power you don’t get at the
antenna. What you do get is
1000 watt output of peak

Ieathkit

SB-1000 LINEAR AMPLIFIER

MULTIMETER

POWER

I(—'_' OUTPUT

~— ALC
/

envelope power on SSB and 850
watts on CW. Even 500 watt
output on RTTY.

On the chance that someone
might doubt our claims, at
hamfests we demonstrate that
with only 80 to 100 watts of
drive, our SB-1000 develops
more output than even the
world-famous Heath SB-220!

Designed for today, the
SB-1000 offers quiet, compact
tabletop operation at rated
output. That’s only 1.7dB (or
about %3 of an S-unit ) below

Top

performance
for less than

80 cents
awatt

TRANSMIT

the maximum legal power
limit.
“I built it myself!”

Because you build the
Heathkit SB-1000 Linear
Amplifier yourself, you not only
enjoy cost savings, you have the
unique opportunity of knowing
your equipment inside and out.

A top quality amplifier, cost
savings, bragging rights, plus
industry-recognized Heathkit
manuals and technical assist-
ance from our licensed ham
consultants, should you ever
need it. An offer that's hard
to pass up.

See the SB-1000 and our
complete line of amateur
radio products in the Spring
Heathkit Catalog. Call today
for your free copy.

1-800-44-HEATH

(1-800-444-3284)

Best to start with.
Best to stay with.

Heath Company

Benton Harbor, Michigan 49022

© 1989, Heath Company
Heathkit is a registered
trademark of Heath Company
A subsidiary of Zenith
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GET TWO BIRDS WITH ONE STONE
D]-500T DUAL BAND HAND-HELD

Engineered with the most advanced electronic
technology, the Tiny, Tough and Terrific DJ-500T
features two methods of Frequency Selection, En-
code/Decode Subaudible Tones and a Single mem-
ory - 16 Digit Auto Dialer and the following plus:

144.00Mhz - 147.995 Mhz /440-450 Mhz (Frequency Coverage is Modifiable™)
Ultra Compact: 2%/16" (W) x 7'/2" (H) x 1'/2" (D)
Cross Band Full Duplex
High Power Output: 2.5W (vif) /2.0W (uHF) with Standard
Ni-Cd battery
6Watts (vHF) /5 Watts (UHF) with Optional Battery*
» Two methods of Frequency Selection
Direct keyboard entry and small, quick up and down adjustments.
» Automatic Battery Save Function
» All Ni-Cd batteries have unique DC/DC converter for 13.8VDC input
» Programmable Odd Offsets

v vvyw

e 20 Memory Channels (10 each band) e llluminated LCD
Multiple Battery Options e Function Lock
10 db RF Attenuator e Unique Priority Function
CAP and MARS modifiable (Permit required)

2-Year Limited Factory Warrmt\,

DJ-100T DJ-200T

2m FM Transceiver 220Mhz FM Transceiver
» 3 Watts/Standard » 2.5 Watts/Standard
» 6.5 Watts/Optional » 5 Watts/Optional

» LCD read out
» 10 Memories
Dipswitch Programmable Subaudible

: = ' Tone built-in
6 WATTS VHF » MARS and CAP modifiable (DJ - 100T)

5 WATTS UHF _ (Certificate required)

(* With Optional EBP-8NAZ or 13.8VDC input)
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WANTED

For a limited time Alinco Electronics will give a $100.00 “Reward” for your working, 2 meter or 70
centimeter Mobile Transceiver, or $50.00 for your working 2 meter or 70 centimeter Hand-Held Transceiver.

The way it works is really quite simple. Just take or send your old, but working, transceiver to your
favorite dealer for TRADE-IN Whatever the dealer offers for Trade-In allowance, Alinco will increase the
amount by either $50.00 or $100.00, depending on whether it's a Hand-Held or Mobile, ON THE SPOT!

There are only two requirements:

1) The Trade-In "Reward" can only be used towards an Alinco DR-510T Dual Band Mobile or an
Alinco DJ-500T Dual Band Hand-Held, on a Mobile for Mobile and Hand-Held for Hand-Held basis.

2) The Trade-In unit must be in good working order and salable.

Remember, the company that already gives you the best value for your dollar, and a two year factory
warranty, now gives you something else that no other company does — A substantial Trade-In "Reward"

for using our products!
9 P i ***OFFER GOOD AT TIME OF SALE ONLY. OFFER EXPIRES AUGUST 31, 1989***
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If You Want the Most Advanced TNC Today...

n 26 countries around the world, tens of
thousands of amateurs know that Kantronics
is the leader in bringing tomorrow’s technology
to their stations today. They also know they will

always be among the first to incorporate just-
introduced features and modes with Kantronics
software and firmware updates.

And, they know that Kantronics is unique in its
ability to seek out, develop and incorporate the
most advanced features into each of five
different TNC models before anyone else.
Why? Because every program Kantronics
writes, and every unit Kantronics designs and
produces are born right here at the factory in
the U.S.A.

Meet Your Mailman

In this age of telco LANS, E-mail and FAX,

PBBS is just one of the firsts Kantronics delivered.

you will know you have mail in your Personal
Packet Mailbox~ when your KAM "STA" LED
is blinking. New firmware level 2.85 has also
added a handy automatic mailbox user-

Packet Cluster ™ is the copyrighted software of Pavillion Software
KAM =, All-Mode *, KA-NODE ™, and Personal Packet Mailbox ™,
are trademarks of Kantronics Company, Inc

connect. So save your computer and monitor
life by turning them off when you are away, and
never miss a beat on the airwaves.

Version 2.85 KAMs have increased Packet
Cluster” compatibility, KANODE " path pres-
ervation, KA-NODE recognition of the “NET”
nodes and HF baud rates from 50 through 300!
And there are three new mailbox commands:
List Mine, Read Mine and Kill Mine.

and Tomorrow...

Will the Real Dual-Port
Please Stand Up?

Read our lips. The KAM " is the only true

dual- port when it comes to packet. Your
Personal Packet Mailbox " is accessible from
both HF and VHF! Version 2.85 has dual-port
compatibility with RLI/MBL boards and KISS
mode for both ports. You can monitor HF and
VHF packet operations at the same time.
Users can even gateway from HF to VHF (or
in reverse) through your KAM.

Kantronics All-Mode ~ (KAM) has Packet,
WEFAX, ARQ, FEC, RTTY and CW recep-
tion. But we have five models to suit your par-
ticular taste. Ask your dealer for the best
choice today...and tomorrow.

K< Kantronics

RF Data Communications Specialists

1202 E 23rd Street  Lawrence, Kansas 66046
(913) B42-7745
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TABLE 4

Resonant frequencies of mode 1 without and with a 3-ounce tip weight.
Element

Tube half Wall Mode 1, no Mode 1, with

diameter length thickness tip weight tip weight

(inches) (inches) (inches) (Hz) (Hz)
0.500 100 0.058 1.2 0.7
0.625 100 0.058 1.6 1.0
0.750 100 0.058 1.9 1.27
0.875 100 0.058 2.3 1.51
0.500 135 0.058 0.7 0.44
0.625 135 0.058 0.9 0.57
0.750 135 0.058 1.1 Q.70
0.875 135 0.058 1.2 0.84
1.000 135 0.058 1.4 0.97
0.625 200 0.058 0.4 0.27
0.625 200 0116 0.36 0.25
0.750 200 0.058 0.5 0.33
0.750 200 0.116 0.45 0.31
0.875 200 0.058 0.6 0.39
0.875 200 0.116 Q0.5 0.37
1.000 200 0.058 0.7 0.45
1.000 200 0.116 0.6 0.43
1.125 200 0.058 0.75 0.51
1.125 200 0.116 0.7 0.49
1.250 200 0.058 0.83 0.57
1.250 200 0.116 0.79 0.55

FIGURE 4 Boom flutter
I've seen booms fluttering on several occasions. One
ELEMENT scnsw boom eventually failed at the mast end. This failure isn't as
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Adding weight to reduce the mechanical resonant frequency.

The antenna suffered no failures in the year before his sta-
tion was dismantled.

Add weights by clamping them to the outside of the ele-
ment or securing them to the inside. You can slip lengths
of steel rod into the tip of an element and secure them with
screws. (Figure 4 shows this method of attachment.) If you
add weights, they can't be taped to the element. They must
be hard mounted.

There are two preferred locations for adding weights. The
first is at the tip. Another spot is about one-fifth of the way
from the tip to the boom. The tip moves the most in modes
1 and 2; the second location moves substantially in mode
2. Adding weights loads these locations for the most dra-
matic retuning. Observe the shape the element takes when
it's fluttering in order to determine weight placement. You'll
see a displacement peak at the tip, and another part way
to the boom. Put the second weight at the second peak.
in Figure 1, the second peak is labeled for mode 2.

common as element flutter, but it does happen. The cases
I've observed have all had boom support wires strung from
the mast to the boom. For the boom in Figure 5, the reso-
nant frequency with the support wires is 7.3 Hz. Without
the support wires, the resonant frequency is 0.77 Hz. Get-
ting rid of the wire drops the resonant frequency substan-
tially, but a lack of support wires may not be acceptable.
Fortunately, there’'s an easy solution to the problem. The
key is to provide the support needed, but not the stifiness
of the support wire. Install a spring in the support wire as
shown in Figure 6. The softer the spring the better. Pick
a spring, or series of springs, that won't be stretched exces-
sively by the tension needed to support the boom. This will

FIGURE 5

SUPPORT
WIRES

15 ] E
8 POUND ELEMENTS

2"0D X 0.058 WALL

-BOOM RESONANCE -

WITH SUPPORT WIRES =
7.3Hz

WITHOUT SUPPORT WIRES =
0.77 Hz

Case where boom with support is more prone to fiutter.
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FIGURE 6

]

SPRING

MAST

L)

Installing stiff springs in the boom support lines to damp the
resonant frequency.

decouple the stiffness of the support wire and still provide
the needed tension. The shift in resonant frequency will
most likely put the boom into an area where either the
energy in the wind stream isn't sufficient to start flutter, or
the boom resonant frequency is below the vortex shedding
minimum.

Element design variations

I've had Yagis with severe fluttering problems. I've also
had Yagis with no problems at all. Those having failures
were very stiff when compared with their mass, while those
that had no damage weren't as stiff when compared with

their mass. In Equations 1 through 4, the term % appears.

El is a stiffness term, and u is a mass term. The lower the
“stiffness to mass” ratio, the lower the mode resonances.
Based on the Yagis | have owned, I've concluded that ele-
ments with the lower resonant frequencies have the best
chance of not fluttering. This suggests that retuning the ele-
ment is indeed a viable approach, a fact supported by the
experiences of Dennis Peters. I'd be very interested in hear-
ing from any readers who have experienced problems with
fluttering elements, whether you've been successful at solv-
ing them or not.

Summary

Elements and booms have mechanical resonant frequen-
cies which can be put into oscillation by vortices shedding
from the tube edges. There are several ways to reduce the
likelihood of a fatigue failure. Damping can be added to
reduce the amplitude of the stress. This would lengthen the
life of the element. Adding damping ropes may help in mar-
ginal cases. Other methods have been tried, and there is
certainly room for innovation. You can test an idea on the
ground to see if it will reduce the Q of the mechanical res-
onance by noting the time it takes for oscillatory motion to
damp out.

The most promising approach for minimizing element
fatigue failures is to eliminate the orderly generation of vor-
tices. The orderly formation of vortices will be disrupted in
an element which is helically wound with a wire. To the best
of my knowledge, this approach hasn't been tried with Yagis.
It may prove to be the most effective remedy for fluttering
elements.

There's a successful approach that’s been used to elimi-
nate element fatigue failures. Retuning the resonant fre-
quencies of an element offers a means to prevent fatigue
failure by moving the element resonances out of the shed-
ding frequency range. You can do this by adding small
weights. At minimum, the weights should be added at the
element tips. A second location is on the span of the ele-
ment, at the point with the largest displacement during a
mode 2 oscillation. In addition, when selecting or design-
ing a Yagi, keep in mind that elements which aren't very
stiff in relation to their mass are less prone to vibration-
induced fatigue failures.

Yagi booms are also subject to vortex shedding and
fatigue failures. Booms with support wires have been
observed to be most prone to fluttering. You can retune a
boom with support wires by the adding springs in line with
the wires. This lowers the resonant frequency of the boom
and prevents it from fluttering.
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Use ferrite beads to keep RF out of your
TV, stereo, telephone, etc. Kitincludes one
dozen beads, one dozen toroids 2" to
1va " diameter, three “‘split beads’” and our
helpful RFI tip sheet. Everything needed
to fix most RF! problems. $15 + $3 ship-
ping U.S. and Canada.7% in CA.

Free catalog and RFI tip sheet on request.

PALOMAR
ENGINEERS

Box 455, Escondido, CA 92025
Phone: (619) 747-3343

v 112
18 Ham Radio/August 1989

NEW!
The classic “Antenna Bible”
now in a thorough!y-revised, much-enlarged
edition

ANTENNAS

2nd edition
by John Kraus, W8JK
Ohio State University

Covers both theory and its applications to practical
systems. With design formulas, tables and refer-
ences. Over 1000 illustrations.
*Modern, complete, a classic’, Microwave Journal.

917 pages, hardcover. $51.95
Add $2.50 per book for shipping and handling U.S.,
$5.00 elsewhere.

CYGNUS-QUASAR BOOKS
P.O. Box 85, Powell, Ohlo 43065

Tel. 614-548-7895
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INDUSTRIAL QUALITY
REPLAGEMENT BATTERIES
FOR COMMUNICATIONS

Nickel)-Cadmium,Alkaline,Lithium,etc.

Repair Packs For
ICOM®, KENWQOD, YAESU,
SANTEC, AZDEN, TEMPO,
CORDLESS PHONES... AND MORE!

NEW! I.C.E. PACK %49
E.H. YOST & GO.

EVERETT H. YOST KB9XI
7344 TETIVA RD.

SAUK CITY, Wl 53583
ASK FOR OUR CATALOG

(608) 643-3194
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HENRY RADIO IS THE PLACE
...THE BEST PLACE

to fill all your data communications needs

The TEMPO MPP1

a unique new mobile data printer, includes a packet controller
and a 13.6 VDC printer thal interfaces with any mobile radio. in a
recent user test it proved to have about twice as much audio level
range tolerance as other TNCs. It 1s also an ideal unit for emer-
gency work and a commercial version is perfect for dispatching
service, emergency and police vehicles

The FSTV-430, AEA’s newest

The exciting FSTV-430 tasl scan television lransceiver makes gelling
on ATV easyand inexpensive.. live orlaped. Alimostanyvideo camera
can be used. Simply plug it into the FSTV-430, connect to your 70 cm
antenna and you're on the air. Use a standard TV for receiving signals
and, of course, an amplifier will extend your range. It's reliable, port-
able and lightweightand can be used in-stationormobile fromany 12
VDC source. The only license required 1s a technician or higher

The PK-232 by AEA

the only controller offering Morse Code, Baudol, ASCII, AMTOR, Packel, and
facsimile Transmission & Reception plus the ability to monitor the new Navtex
marine weather and navigational system. .7 modes in one controller. The PK-232
makes any RS-232 compatible computer or terminal the complete amateur digital
operaling position. All decoding, signal processing and protocol software is on
ROM. Onlyasimpleterminal program(like those used with telephone modems) is
required to interface the PK-232 with your computer

Obviously, we can fill in asystem that you have already started. Or we can furnish acomplete system
to fit your needs and budget. Forexample, here's some suggestions for the amateur just enterting the
exciting field of data communications, or: for the amateur who wants the best available.

— ﬁai =1 NO.1 Forthelun(andvery affordable) mode, VHF Packet, AEA PK-88 with personal
+-I T’}E ;'._E ' mailbox, 8K programmable memory and TCP-1P compatability
[ For serious 20 M world-wide DXing on Packet, 200 or 600:Hz shift. . .add the superb
HAL ST-7000
NO. 2. . .top of the line! The HAL ST-8000 or HAL ST-6000 and AEA's PK-232

the winning combination.  You can't do better for all-mode, all-band

-

Al h -

If you have any questions concerning these units, or would like to discuss your requirements with a
knowledgeable specialist, pleasecalland askforGeorge Sanso, AB6A. We alsocarryalarge selection
of excellentcommercial products fordatacommunications and emergency systems as wellasacom-

Henry Radlo

2050 5. BUNDY DR. ® LOS ANGELES, CA90025-e (213)820-1234
Toll free order number: (800) 877-7979 TELEX: 67-3625(Henradio) FAX (213) B26-7790
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THE BATTLE OF THE
BEAM

PART 2

By D. V. Pritchard, G4GVO, 55 Walker Dr., Leigh
on Sea, Essex SS9 3QT, England

s early as 1934, when Knickebein was in its infancy,

a German scientist began to have doubts about

its efficiency if exposed to jamming. He was Staats-
rat (Privy Councillor) Dr. H. Plend! of the Deutsche Ver-
suchanstalt fur Luftfabrt (German Aeronautical Research
Establishment) and he began to produce designs for a new
system for accurate blind bombing.

Under his leadership, a new department was formed at
Rechlin (the German equivalent of Farnborough) which
began research in June of that year. This was in coopera-
tion with another department led by a Dr. W. Kiihnold which
was also engaged on beam techniques for blind landing.
The beams of Kiihnold's system, however, had an aperture
angle of about 59 corresponding to an 8-km beamwidth
at a range of 100 km, and were clearly unsuitable for
accurate pinpointing of targets. Obviously a beam width
of not more than 0.1° was required and this (at that time)
could be attained with reasonable antenna dimensions and
suitable power only if a frequency between 66 and 77 MHz
were employed. Accordingly, experiments were begun with
an 80-watt transmitter designed by a Dr. Ochmann which
was code named Bertha 7, as this was not powerful enough
a second was designed, Bertha 2, which delivered 500
watts and was tunable over the required range.

Preliminary tests carried out over Lake Miritz near Meck-
lenburg in 1935 resulted in ranges of only 1500 meters. Sta-
tionary beam antennas which could be phased to swing
through about 10° were used, and the airborne equipment
consisted of two t.r.f. receivers developed at Rechlin and
an analyzer for unlocking the 2000-Hz modulated dot/dash
system of the adopted and improved Knickebein appara-
tus. Unfortunately, full details of both transmitter and
receivers are no longer available.

Wotan 1

By 1938, the system had been greatly improved. Dr. Kiih-
nold had developed ground installations capable of easy
dismantling and removal, with an operating cabin and
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antenna array mounted on a platform which could rotate
through 360° The antennas were mounted on a gantry and
spaced at 14.75 meters (3.5 wavelengths). Originally, sim-
ple half-wave dipoles were employed, but before long direc-
tors and reflectors were added for extra power and range;
these were energized with pulses at 120 per minute via a
vacuum switch (soon replaced by a capacitor, nicknamed
a "mill switch,” designed by Dr K. H. Fischer). The
schematic block diagram of this system is shown in Figure
1. A half-wave Lecher line is used in conjunction with the
“capacity” switch and its associated inductances to pulse
both dipoles with the required dot/dash sequence.

The array generated a fan of 14 beams each with a band-
width of 0.05° (Figure 2), and eight of these installations
were erected in Germany, followed by many more on the
coasts of occupied Europe. By now the airborne equipment
had also been drastically improved by Dr. H. Hanel and
Dr. Riicklin Telefunken, who had designed and developed
a superhet for 66 to 77 MHz (code named Anna), while
an analyzing system designed by Dr. Plendl known as the
AVP (AnzeigeVerfahran von Plendl) was being mass-
produced by Siemens.

At the same time a Dr. K. Milller set up a Mobile Research
Unit which produced some versatile mobile stations under
the code name M&belwagen or “furniture vans.’ He was
also responsible for the clever camouflaging of their
antenna — a feature which was later to prove troublesome
for British counterattacks.

The complete system was known as Wotan 1.

Principle of operation

One of the 14 beams was selected to act as a director
beam which, on being aimed towards the target, provided
a flight path for the aircraft; this system was similar to Knick-
ebein in that the pilot could plot his course according to
a direction-indicating meter which told him if he was to the
right or left of the beam. The official German layout of the
beam-approach system and its associated cross-beams at
points before the target is shown in Figure 3. Figure 4
represents not only the director beam and reserve beam,
but also the cross-beams and the associated fans of beams
which enabled stray aircraft to plot their courses to the cor-
rect one. The main beams of the system used for the
devastating raid on Coventry in 1940 are shown in Figure
5, and Figure 6 is another official German layout showing



FIGURE 1
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Block diagram of X-Gerit feed system and capacity switch for pulsing.
FIGURE 2 FIGURE 3
01 a
7 / °
—-!2 fo—s
1
7 15km  5km
£ TARGET _| )
oo CROSS-BEAMS
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5
Y6777
[
Antenna pattern of X-Gerdt system. 4
the disposition of all beam systems in use at that time. (In
this series the author has concentrated only on the more .
Wldely knOWn SyStemS.) I:.I;I:G:ESI;ART:IEOBNET‘I:ECTOR BEAM T1 OR T2
In practice the bombers did not fly along the director
beam immediately after takeoff, but used either normal
navigational methods or one of the fan beams, in order to
present a smaller target for British radar and to try to cause .
confusion. The director beam was usually joined sometime

after crossing the English coast.

At approximately 30 km before the target, the aircraft
would encounter the coarse advanced cross-beam which,
like the other beams, was similarly pulsed with dots and
dashes — but on a different frequency. Before reaching this

Official German layout of the X-Gerét system.

point, the bomber’s radio operator would have consulted
a table giving the characteristics of his particular type of
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ASTRON

CORPORATION

9 Autry
Irvine, CA 92718
(714) 458-7277

ASTRON POWER SUPPLIES

* HEAVY DUTY e HIGH QUALITY « RUGGED = RELIABLE

SPECIAL FEATURES
* SOLID STATE ELECTRONICALLY REGULATED

* FOLD-BACK CURRENT LIMITING Protects Power Supply

from excessive current & continuous shorted output
* CROWBAR OVER VOLTAGE PROTECTION on all Models
excopl RS-3A, RS-4A, RS-5A.
MAINTAIN REGULATION & LOW RIPPLE at low line input
Voltage
HEAVY DUTY HEAT SINK = CHASSIS MOUNT FUSE
THREE CONDUCTOR POWER CORD
ONE YEAR WARRANTY « MADE IN U.S.A.

PERFORMANCE SPECIFICATIONS

* INPUT VOLTAGE: 105-125 VAC

e QUTPUT VOLTAGE: 13.8 VDC * 0.05 voits
(Internally Adjustable: 11-15 VDC)

» RIPPLE Less than S5mv peak to peak (full load &

low ling)

* Also available with 220 VAC input vollage

MODEL RS-50A

D —

MODEL RS-50M

MODEL VS-50M

MODEL RS-35M

RM SERIES 19" x 5% RACK MOUNT POWER SUPPLIES
Continuous ICS* Size (IN) Shipping
MODEL Duty (Amps) (Amps) HxWxD Wi, (Ibs.)
RM-12A 9 12 5% x 19 x 8% 16
AM-35A 25 35 5t x 19 x 12! 38
AM-50A 37 50 5l % 19 x 12% 50
» Separate Volt and Amp Meters
AM-12M El 12 5% x 19 x 8% 16
i AM-35M 25 35 5l % 19 x 12% 38
MODEL RM-35M RM-50M 37 50 5% x 19 X 12% 50
=S Continuous IC8" Size [IN) Shipping
RS-A SEHIES MODEL Dauty (Amps) [Amps) HxWxD Wt [Ibs.]
RS:!A 25 3 3 x 4% X 5% 4
RS-4A 3 4 I xb6%Gx9 5
RS-5A 4 5 3% % 6% x 7% 7
RS-TA 5 7 3 x 6% x9 ]
RS-7B 5 7 4 X T2 x 10% 10
RS-10A 7.5 10 4 x 7' x 10% "
RS-12A 9 12 4 x8x9 13
RS-128 9 12 4 7% x 10% 13
RS-20A 16 20 5x 8 x10% 18
RS-35A 25 35 5x 11 x 11 27
MODEL RS-7A RS-50A 37 50 6 x 13% x 11 46
RS_M SEHIES Continuous ICS* Size (IN) Shipping
MODEL Duly (Amps] |Amps) HxWxD Wi, (Ibs.]
2 : * Switchable volt and Amp meter
RS-12M 9 12 4 x8x9 13
* Separate volt and Amp meters
RS-20M 16 20 59 x10% 18
RS-35M 25 35 Ex 11 x 11 27
RS-50M 37 50 6 x 13% x 1 46

» Separate Volt and Amp Meters « Output Voltage adjustable from 2-15 volts = Current limit adjustable from 1.5 amps

*1CS—Intermittent Communication Service (50% Duty Cycle 5min. on 5 min. off)

VS-M AND VRM-M SERIES separte v
a -- - Continuous Ics* Size [IN) Shipping
4 MODEL Duly (Amps) [Amps) HxWxD Wi, (Ibs.)

@13.8VDC @10VDC @5VDC @13.8V
VS5-12M 9 5 2 12 4 xBx9 13
V§-20M 16 9 4 20 5x9x10% 20
VS-35M 25 15 7 35 Ex11x1 29
VS-50M 37 22 10 50 6 % 13% x 1 46
« Variable rack mount power supplies
VRAM-35M 25 15 7 35 5% x 19 x 12'% 38
MODEL VS-35M VAM-50M 37 22 10 50 5% x 19 x 12% 50
L]
RS-S SERIES Built in speaker
Continuous IC8" Size [IN) Shipping
MODEL Duly (Amps] Amps HxWxD Wi, [Ibs.]
RS-75 5 7 4 x 7% x 10% 10
RS-10S 7.5 10 4 x 7% x 10% 12
RS-125 9 12 4daxBx9 13
RS-205 16 20 5x9x10% 18
MODEL RS-128
» 115




FIGURE 4

FIGURE 5

German layout of beams showing main beams and associated fans.

machine and fed them into a combined calculator and stop-
watch called the X-Uhr, or “X-Clock.” This was an incredi-
bly accurate mechanism designed at Rechlin by a Dr. Hep-
per. A small upper dial on the left-hand side showed how
long the instrument had been running, while the lower dial
was used for calculating the “flight-path ratios.” Information
about the aircraft’s type, height, and speed was inserted
to give a flight-path ratio of, say, 2.78:1 for 18 km or 3:1 for
6 km, according to circumstances.

On arriving in the dash zone of the advanced cross-
beam, the operator would listen for the (very brief) continu-
ous note produced by the merging of dots and dashes, and
press the clock’s top button. This started the green “min-
ute” hand and the black sweep hand simultaneously and,
according to the inserted data, the time taken for the bombs
to drop was now fed in.

At the “fore-cross signal” a button on the left was pressed,
whereupon the green and black hands stopped and the
red "hour’” hand started. When the third button at the main
cross-beam was pressed, the red hand would stop at the
same point as the previous ones and, if the correct data
had been given, the bombs would be automatically
released.

After tests by a research squadron, the system was finally
installed in Ju 52s and He 111s of Kampf-Gruppe 100 —
a group led by an outstanding Luftwaffe officer, Major Vik-
tor von Lossberg. Quarter-wave whips were mounted on
top of the fuselage behind the cockpit and these, in con-
junction with the whip antenna for RT operation which was
situated farther back, gave rise to the nickname “Three-
master”

FINE X-BEAMS AS SET FOR
COVENTRY 14/15 NOVEMBER 1940

COVENTRY
Ja——5 KILOMETRES

CALAIS

RESERVE
DIRECTOR
BEAM

DIRECTOR BEAM

S
CHERBOURG

0 50 100 150 200
[ N i 1 J

KILOMETRES

The X-Geréit system for Kampf-Gruppe 100.

The airborne equipment was installed in the radio oper-
ator’'s position, and repeaters for the course meters were
fitted in the cockpit for the pilot's benefit. A motor genera-
tor fed from the aircraft's batteries (rotary converter) was
placed at the bottom of the installation. Immediately above
it were two audio units, to the left of which was the power
distribution panel. The twin receivers for the director and
cross-beams were above that and the Anna receiver was
on the right. :

Intelligence breakthrough

The phone shatterd Dr. R. V. Jones's sleep in the early
hours of a morning during the first week of September 1940.

“We've got something new here! God knows what it is,
but I'm sure it's something for you!”

The excited voice of Professor Frederick “Bimbo” Nor-
man, a cryptographer at Bletchtey Park, shook Jones into
consciousness. They had broken some new Enigma traffic
in which radio beams were mentioned, including the infor-
mation that the beam width was 8 to 10 seconds of arc,
or an angle of 1:20,000, suggesting that the beam was no
wider than about 20 meters at 320 km!

Then came the electrifying word X-Geréat! Whatever X-
Gerit was, it was being instalied in aircraft of Kampf-Gruppe
100, one of the Luftwaffe’s crack squadrons.

Jones hustled the intelligence services into greater
activity. Across the Channel the Resistance organizations
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V-212
$419

ﬁD

HITACHI SCOPES AT DISCOUNT PRICES

* DC Offset

* DC to 40MHz
* Dual Channel
* CAT Readout
* Cursor Meas

* Alt Magnifier

* DC to 100MHz
* Dual Channel

* Delayed Sweep
* CRT Readout

* Sweep Time

* Autoranging

20MHz Dual Trace Oscilloscope

$359

6" CRT
s Built in

* TV Sync

M0-1251

component tester

-y X-Y Operation
Top quality scopes at a very reasonable price. Contains all desired features Two 1x, 10x probes, diagrams and manual. Two year guaraniee

- V_425 * Compact Size | \J.1 050 * Trigger Lock
Llsf $560 5835 $1 325 * 2mV Sensitivity
List $995 List $1595 ’

Save $141 LIST _ PRICE SAVE

" Vv-223 20MHz D.T.. '/mV sens, Delayed Sweep, DC Offsel, Vert Mode Trigger  $770  $685  §75
20MHz Dual Trace Oscilloscope | vz somiz DT 1mv sens, DC Offser Vert Mode Trigger, Alt Mag $875  $725  $150
F " V.423  40MHz D.T., 1mV sens, Delayed Sweep, DC Offset, Alt Mag $955 $825 $130
NldHllaChl 5..00%85 include probes, schematics V660 BOMHz D.T.. 2mV sens, Delayed Sweep, CRT Readout $1.195 $1.025 $170
and Hitachi's 3 year guaranty on parts and | y 4085 100MHz  D.T. 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas $1.895 $1.670 $225
labor. Many accessories available for all V-1100A 100MHz Q.T., 1mV sens, Delayed Sweep, CAT Readout, DVM, Counter $2,295 $2,045 $250
scopes. V-1150 150MHz Q.T., 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter $3.100 $2.565 8535

SCOPE PROBES

35MHz Dual Trace Good to 50MHz

#u $495

P-1 65MHz, 1x, 10x §19.95
P-2 100MHz, 1x, 10x $23.95

Fits all scopes with
BNC connector

M0-1252

* High luminance 6" CRT

* 1mV Sensitivity

* 6KV Acceleration Voltage
* 10ns Rise Time

* X-Y Operation * Z Axis

* Delayed Triggering Sweep

Autoranging DMM True RMS 4% Multimeter with  |Digital Capacitance Meter| Digital LCR Meter
Digit Multimeter xF Capacitance and
M-5000 9 s, Transistor Tester | | I CM-1550 | ooy LC-1801
$45 $135 $55 CM-1500 E - $58.95 | - - $125
et . 9 Ranges
9 Functions 1 ‘ Measures
.05% DC Accuracy Reads Volts, Ohms, i .1pf-20,000utd easures
B':,Ti’g.;”“ 1% Resistance Lo Current, Capacitors, 5% basic accy E::: 1‘.:;-:?(%1‘?
5% basic acc % wilh Freq. Counter | * ® &'% Transistors and Zero control vee Res 01-20M
av: digit LCD and deluxe case WaSwmm==_Diodes with case with case
AC Clamp-0On Bench DMMS SOLDERING STATION | Solderless Breadboards | Low Cost Multimeter

[TEMPERATURE CONTROLLED|

AM Modulation of 1KHz
Variable RF output

Current Adapter » SL-30 e — M-1600
’ §T1-265 \ $135 Ly oo A $25
Digital display 2,170 pins $25 ‘% 3% digit LCD
szz ‘ Temp range 9436 £ 1% DC Accy
\ 0-1000A AC | M-3500 M-4500 - 300F -900F 2,860 pins $35|  CEREES  10A Scale
) Works with | 3v: digit $125 4w aign $175 ¥~ Grounded tip s LN IAVE COLRT Auto zero
\_) most DMM | 1% accy 05% accy Overheat prot | ga36 sHown  “°°¢¢ o8t Ipolarity
Wlda Band Signal Generators 3'2 Digit Probe Type DMM Function Gonar;}m Decade Blox
$6-9000 $129 sm— M-1900 | o o % . ~a b
aE Frag 10DKACOMLS Py ¥ 4 $39 | = T $28.95| = $18.95

Convenient one hand opearation with batteries

#9610 Resistor Blox

Provides sineIr squ wave 47 ohm to 1M & 100K pot

2 Limit Cont., 3 Separate supplies

XP-660 with Analog Meters $175

S5G-9500 with Digital Display Measures DCV, ACV, Ohms and case | From 1Hz lo 1MHz #9620 Capacitor Blox
and 150MHz bullt-in Freq Ctr $249 Audible continuity check, Datla hold AM or FM capability 47p! 10 10MFD
Digital Triple Power Supply XP-765 | Quad Power Supply XP-580 | 10MHz XT 100% IBM® Compatible
$249 $59.95 |5 Year $595
Warranty MODEL
0-20V at 1A 2:20V at 2A
250\: ;;m 12V at 1A PC-1000
a 13A
Fully Regulated, Shori circuit protected with Fully regulated and ?S‘aatasA

short circuit protected

XP-575 without meters $39.95

Four-Function Frequency Counters
T F-1000 1.2GH

Ll

$259
F-100 120MH

Frequency, Period, Totalize, 3179
Self Check with High Stabilized Crystal Oven
Oscillator, 8 digit LED display

WE WILL NOT BE UNDERSOLD!
UPS Shipping: US 5%
($10 Max) IL Res., 7% Tax

=)
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GF-8016 Function Generator
with Freq. Counter
$239

Sine, Square, Triangle
Pulse, Ramp, .2 1o 2MHz
Freq Counter .1- 10MHz

GF-8015 without Freq. Meter $179

C & S SALES INC.

1245 Rosewood, Deerfield, IL 60015

(800) 292-7711 (312) 541-0710

e

«5/10MHz Motherboard
*f Expansion Slots
sMath Compressor Slots
# 360K Floppy Drive Monographic Video Card
AT Style Keyboard = Parallel Printer Port

FREE spreadsheet and word processor

3.XXMS DOS and GW Basic add $75

15 Day Money Back Guarantee
2 Year Warranty

WRITE FOR FREE CATALOG
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«150W Power Supply

« 256K RAM
Expandable o 640K
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Official German layout showing the disposition of all beam systems in use at that time.

pulled out all the stops, and British Signals Intelligence
(including Voluntary Interceptors — a body of dedicated
Radio Amateurs) doubled their efforts. Their activities
prompted Jones to record his appreciation: “Our commu-
nity of Radio Amateurs in Britain was to prove an invalua-
ble reserve, both in Signals Intelligence and Signals proper,
as well as furnishing many of the staff for our rapidly increas-
ing number of radar stations.”

It was that well-known Amateur of his day, Rowley Scott-
Farnie, G5GI, then an officer in RAF Signals Intelligence
and a close friend of Jones, who reported beam signals
from the Calais and Cherbourg areas around 70 MHz. By
September 24, six beam stations were identified: two north-
west of Cherbourg, three near Calais, and the last near
Brest. The Germans had code named them Weser, Spree,

Rhein, Elbe, Isar, and Oder. Evidently Kampt-Gruppe 100
was working through a book of numbered targets, and by
the time the stations were identified Jones had the actual
directions for the beams — and even that the Germans had
specified them to the nearest 5 seconds of arc, an accuracy
of about 10 meters at 320 km! (See Figure 7).

But how could such an accuracy be possible on 70 MHZz?

The ‘‘Anna’’ numbers

Further decoded German transmissions revealed the
existence of coarse and fine beams, including a mention
of centimeters. This latter, however, referred to the precision
with which a monitoring vehicle had to be positioned to
orientate the director beam. Frequent mention of something
called “Anna’ was made, usually associated with a num-
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ber between 10 and 85, and often a multiple of 5. By
October 17, Jones had collected 10, 15, 25, 30, 35, 44, 47,
55, 60, 75, and 85. Another set of numbers gave crystal
frequencies (typically 8750 kHz, since 8750 kHz x 8 =
70 MHz) and he suspected that Anna referred to the dial
on the aircraft receiver, if not the aircraft itself. Since one
set of numbers ended in 0 or 5, and the other in 0 or 0.5,
simple deduction showed that the Anna reading had to be
divided by 10 and either added to, or subtracted from, a
constant number.

Learning from the Enigma traffic that a certain Feldwe-
bel Schumann at a beam station at den Helder had signed
a return for 3 crystals for 69.5, 70, and 71.1 MHz and that
his station was ordered to transmit on Anna numbers 30
and 35, it was clear that the constant had to be 66.5 if one-
tenth of the Anna number had to be added, or 73 if it had
to be subtracted. As he knew that crystals for 75 MHz
existed, the second possibility could be dismissed; when
he obtained further confirmation from the two crystals
whose frequencies were not exact or half integers, the prob-
lem was solved. Other information that emerged from the
Anna numbers was that both the coarse and fine beams
lay between 66.5 and 75 MHz.

Measurement inaccuracy

The immense value of Anna numbers was that if the trans-
mitted orders to the beam stations could be decoded in
time, he could then tell 80 Wing the frequencies to be
jammed. Incredibly, his interpretation of the numbers was
rejected because our monitoring services thought there
were frequencies outside the range he had found. Dr.
Jones’s hackles rose — a posture they were seldom slow
in assuming — and plain words were spoken. "These, it
transpired, were due to bad measurement of the frequen-
cies of the German beams on the part of the countermeas-
ures organization, a feature that was to plague us through
the whole battle. The fault in this case probably lay not with
the observers, but with the calibration of our receivers which
were not up to the German standard of precision.” His find-
ings were accepted.

Dr. Robert Cockburn of the Telecommunications
Research Establishment, having successfully prescribed
“Aspirins” for the Knickebein “Headaches,” now developed
“Bromides” for this new system which was code named
“Ruffian.” We now knew that the director beam was radi-
ated from near Cherbourg and the cross-beams from the
Calais area. As insurance against the failure of the main
director beam (Weser), a reserve beam was provided by
the adjacent station (Spree). The accuracy of the beams
was so great that in calculating their paths it was neces-
sary to take into account that the earth is not a sphere, but
flattened towards the poles; this made a difference of 275
meters in where a beam from Cherbourg would cross Lon-
don!

Countermeasures and counter arguments

Cockburn's jammers came into operation in October, but
at this time Kampf-Gruppe 100 began to drop flares over
its targets. This was hailed by some of Jones'’s antagonists
as proof that the beams didn't work, or that the Germans
were so unsure of them that they were using flares to find
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out where they were. However, Jones silenced these critics
by pointing out that there was no evidence that Kampf-
Gruppe 100 was upset by our countermeasures (which was
true) and were not only using the system, but acting as path-
finders for other Luftwaffe groups.

Yet other problems had to be overcome.

If the Enigma transmissions to the beam stations (usually
sent out in the afternoon preceding a raid) could be bro-
ken in time, we would know where and when Kampf-
Gruppe 100 was going to attack, and our fighters could
be ready for them. Our jammers, too, could be set on the
correct frequencies. For this to be possible the cryp-
tographers at Bletchley Park strained all their resources —
and it was a magnificent effort, for they achieved this incredi-
ble feat late in October. Dr. Jones was then able to tell
Fighter Command the exact place of the attack, the time
of the first bomb to within 10 minutes, the exact speed of
the bombers, their line of approach to within 90 meters, and
their height to within two or three hundred meters!

Yet our night fighters repeatedly failed to find the enemy.
Jones wrote: " almost began to wonder whether the only
use the Duty Air Commodore made of my telephone calls
was to take a bet with the rest of the Command as to where
the target would be for that night” On top of this was the
growing suspicion that our jamming was not working. Why
not?

The answer soon came, but not before tragedy struck.

Moonlight Sonata

On November 10 Jones received an Enigma decrypt of
a transmission to the beam stations which told them to pre-
pare operations against target numbers 51, 52, and 53, giv-
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For the past five years, Amateurs worldwide
have sought quality amplifier products from TE
Systems. Renowned for the incorporation of

0508G
high quality, low-noise GaAs FET preamplifiers
in RF power amplifiers, TE Systems offers our 0510G
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ing the beam settings at the same time. It took only a few
minutes to work out that 51 was Wolverhampton, 52 was
Birmingham, and 53 was Coventry. Then another signal
was passed to him which contained orders for a major oper-
ation under the code name Moonlight Sonata. Four target
areas were mentioned but there was no indication of the
order of the attacks. Frantic guesses were made by the Air
Staff and the best they could come up with was that Moon-
light Sonata might mean a target in southern England.
Strangely, no attack had been made on Wolverhampton,
and on November 14 everyone braced themselves for the
coming night and whatever Moonlight Sonata might mean.

Tragically, it was one of those afternoons when Bletchley
Park failed to break the Enigma signals in time, and 80 Wing
asked Jones which frequencies they should set their jam-
mers on, giving a list of frequencies as determined by our
monitoring aircraft. “/ could see at once that the measure-
ments must be wrong, in that they did not match up with
the figures | knew from the Anna code. | therefore made
a mental correction of the measurements as far as | could.
For example, 68.6 should have been 68.5, if our receivers
had been properly calibrated, or 70.9 should have been
71.0. But deciding what, for example, 66.8 meant was more
of a lottery. The only other clue that | spotted was that there
seemed to be a convention that the director beams would
generally be on frequencies between 66.5 and 71.5 and
the cross-beams between 71.5 and 75 MHz — the division
being presumably due to operational convenience.
Remembering that we needed to knock out the main and
reserve director beams and at feast one of the cross-beams,
| then made my mental gamble and suggested a set of fre-
quencies to Addison which he said he would adopt. All this
took no more than five minutes on the telephone, but | was
well aware that in these snap decisions | was probably gam-
bling with hundreds of lives. Sobering though this thought
was, the fact remained that someone had to do it, and |
was easily in the best position.”

Then on the night of November 14th Coventry was
attacked, with heavy civilian casualties. What had gone
wrong? The next day the decoded Enigma signals to the
beams stations arrived and Jones's wretchedness turned
to bewilderment. He had guessed the frequencies correctly
— so where was the failure?

Incompetence and carelessness

The failure arose originally from a silly interservice squab-
ble which led on to a ghastly mistake. On November 6 one
of Kampf-Gruppe 100's Heinkels became lost over south-
ern England and ditched on Chesil Beach. The Army took
over, secured a rope around the fuselage and set about
salvaging it, when a naval inshore vessel arrived and
demanded to know what the Army thought it was doing.
As the aircraft was in the water, salvage was a Navy matter,
and taking the rope aboard they dragged the aircraft
deeper into the sea, breaking the rope in the process. The
X-Gerét equipment aboard, now heavy with silt and corro-
sion, was fortunately discovered and rushed to 80 Wing and
then on to Farnborough for investigation.

On November 21 Jones, accompanied by Scott-Farnie
and their assistants, went to see it for themsleves. They
learned that Farnborough had examined the audio filter and

found it set to 2000 Hz. But our jammers had been modu-
lated at 1500 Hz, which meant that while our carrier fre-
guencies were correct the modulation tone had no effect
on the beams.

“It was one of those instances, of which | have since found
many, where enormous trouble is taken to get the difficult
parts right and then a slip-up occurs because of lack of
attention to a seemingly trivial detail. Of all the measure-
ments in connection with the German beams, easily the sim-
plest to determine was the modulation note, because this
could be done at any time in comfort; and yet whoever had
done it had either been tone deaf or completely careless,
and no one had ever thought of checking his measure-
ments. | was so indignant that | said whoever had made
such a mistake ought to have been shot.” It is hard to believe
that the citizens of Coventry would have disagreed with this
opinion.

Jones's anger was further increased by the fobbing-off
he encountered. He was told that the modulation note was
originally 1500 Hz but the Germans had changed their filters
to avoid jamming. This ridiculous excuse was countered by
Jones who pointed out that if that had been the case we
would obviously have heard the change in note for our-
selves. In any event he was able to prove that Kampf-
Gruppe 100 had been using the same filters since the start
of their operations.

On his insistence the jamming modulation frequency was
changed and when the Germans later attacked Birming-
ham their bombs fell wide of the target, most of them out-
side the city. Gradually they came to realize we had bro-
ken X-Ger&t and their confidence in the system diminished,
and Britain which knew nothing about Dr. Jones and his
scientific war went on with “business as usual." [

Reprinted with permission from Practical Wireless, PW Publishing Lid.,
February 1988. Ed.
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The Weekender

TESTER

By Jim Owens, W5JQE, 20594 CR-150, Flint, Texas
75762 with G. D. Hanchett, W2YM

his simple and inexpensive transistor/diode tester

shows shorts, opens, leakage, saturation and junction

voltage, and relative gain or DC beta. [t works on NPN
and PNP bipolars, Darlington pairs, signal and power diodes,
and FETs with junction or insulated gates in n- or p-channel,
depletion or enhancement types. The tester alsolets you sol-
der and unsolder delicate FETs in chassis safely, using an ordi-
nary ungrounded solderingiron. Inthe circuitdiagram (shown
inthe off position) in Figure 1 note thatthe RED (+), the RED
(=), and the black base/gate (BG) leads are all connected
together. You simply connect the micro clips to the transistor
terminal wires inthe following order: (~) to source, (+) todrain,
and one or both of the (BG) clips to the gate terminal(s), and
solder. Reverse the order when disconnecting the clip leads.
Incidentally, all designators shown in parentheses — (+) and
(-) and (BG), for example — conform to markings on the front
panel and in the circuit diagram.

To understand how the tester works, set ganged switch S1-3
to the bipolar position (BP). Now trace the current path from
the positive end of the AAA cells through CR1, CR2, R2, 51,
R4, R5, the meter, R6, CR3, CR4, and S3 to the negative end
ofthe AAA cells. The current drain of the R1 (BIAS) control on
the batteries and the loading effect of the meter with its mul-
tipliers, along with R8 and R9, produce a voltage drop across
the four diodes and the two 1000-ohm load resistors. This volt-
age drop lets you adjust R4 for 200 pA which registers full-
scale deflection onthe meter. The actual voltage betweenthe
RED (+) lead and the RED (-) lead will be approximately 2
volts. Notethe (READ 2 VOLTS) label on the front panel of the
tester,

The current drawn by the semiconductor device increases
the voltage drop in the tester circuit, so the meter reads the
voltage across the device instead of the current through it. This
makes the tester versatile, easy to build, and reliable.
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Testing procedures

Try testing an NPN bipolar transistor. Set the $1-3 switch to
(BP)andthe (BIAS) control to its (—) end. Connectthetestclips
asfollows: RED (-)to the emitter, RED (+) to the collector, and
one of the (BG) clips to the base. The meter should read full
scale, 2 volts, because the transistor is biased beyond cutoff.
Now advance the (BIAS) control toward its (+) end. At some
point the transistor will start to conduct; this will increase the
voltage drop across R2 and R6, and lower the meter reading.
At or before full drive, the meter should read 0.1 or 0.2 valt. It
will be drawing about 2 mA and reading the saturation volt-
age of the transistor under the test conditions. This reading
indicates a good transistor. A shorted transistor will read zero;
an open transistor will read full scale. The (BIAS) control has
no effect on either reading.

The test for a Darlington NPN is the same as for the regu-
lar bipolar, butthere will be a difference inthe meter reading.
The Darlington saturates at about 0.5 volt. Transistors are
somewhat bidirectional. They conduct and amplify in both
directions, but have much lower gain in the wrong direction.
So test any unknown unit in both directions.

How do you tell an NPN from a PNP? Picture a
bipolar transistor as two diodesin series. AnNPN
hasits diodes back-to-back, arrows pointing out-
ward. If you connect the (+) clip to the base and
the (~) clip to the emitter or collector, there will be
conduction with a drop in the meter reading. Con-
versely, a PNP has its diodes connected face-to-
face, arrows pointing inward. So when you con-
nect the (—)to the base and the (+) to the emitter
or collector, there will be conductivity and a drop
inthe meter reading. However, if you connectthe
testclipstoa PNP asan NPN, or vice versa, there
will be little or no conduction and the meter will
remain at or near full scale.

ThetestforaPNP bipolaristhe same asforan NPN, except
thatthe RED (+) clip goes to the emitter and the RED (—) clip
tothe collector. The rotation of the (BIAS) control is reversed.
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..pacesetter in Amateur Radio

TM-701A

Dual Bander

The TM-701A combines two radios
into one compact package. You get
25 watts on 2 meters and 70cm, 20
memory channels, tone encoder
built-in, multiple scanning, auto
repeater offsetselection on 2 meters,
and a host of additional features!

¢ 20 multi-function memory channels.
20 memory channels allow storage of fre-
Juency, repeater offset, CTCSS frequency,
frequency step, and Tone On/Off status,
CTCSS and REV, providing quick and easy
iccess during mobile operation

e 25Won 2m and 70cm.

* Selectable full duplex-cross band
(Telephone style) operation.

» Easy-to-operate front panel layout.

¢ Multi-function DTMF mic. supplied.

ontrols are provided on the microphone
for CALL (Call Channel), VFO, MR (M¢ MIOryY
Il or to change the memory channel) and

1 programmable function key. The program
1able key can be used to control one of the
ng functions on the radio: MHz, T ALT
NE, REV, ba’\NIJ_ or LOW power
= Easy-to-operate illuminated keys.
A functiocnally designed control panel with
individually backlit keys increases the con
venience and ease of operation dunng
night-time use

and prices subject

vice manuals are availabie for

spechcations
omplete ser

Optional full-function remote
controller (RC-20).
A full-function remote controller using the
Kenwood bus line may be easily connected
to the TM-701A and mounted in any con
venient location. The new controller is cap-
able of operating all front panel functions
Built-in dual digital VFO'’s.
a) Frequency step selection (5, 10,15,
20,12.5,25kHz)
b) Programmable VFO
The user fnendly programmable VFOs allow
the operator to select and program variable
tuning ranges in 1 MHz band increments.
Programmable call channel function.
The call channel key allows instant recall of
your most commonly used frequency data
* Programmable tone encoder built-in.
e Tone alert system—for true quiet
monitoring.
When activated this function will cause a
distinct beeper tone to be emitted from the
transceiver for approximately 10 seconds to
signal the presence of an incoming signal
Easy-to-operate multi-mode scanning.
a) VFO scan
Band scan, Programmable band scan
b) Memory scan plus programmable
memory channel lock-out
c) Dual scan
Dual call channel scan
Dual memory scan
Dual VFO scan
d) Scan stop modes
Time operated scan (TQO)
Carrier operated scan (CO)

L]

lo change withoul notice or obligation
all Kenwood lransceivers and most

dccessones.

REMOTE CONTROLLER

e) Scan direction
f) Alert
When the AL switch is depressed memory
channel 1is scanned for activity al approxi-
mately 5 second intervals.

¢ MHz switch.

® Lock function.

» Repeater reverse switch.

Optional Accessories

* RC-20 Full-function remote controller

¢ RC-10 Multi-function remote controller

¢ [F-20 Interface unit handset « MC-44 Multi-
function hand mic.« MC-44DM Multi-function
hand mic. with auto-patch « MC-48B 16-key
DTMF hand mic.e MC-55 8-pin mobile mic.
* MC-60A/80/85 Desk-lop mics.» MA-700
Dual band (2m/70cm) mobile antenna (mount
not supplied) « SP-41 Compact mobile
speaker« SP-50B Mobile speaker e PS-430
Power supply « PS-50 Heavy-duty power
supply « MB-201 Mobile mount « PG-2N
Power cable ¢ PG-3B DC line noise filter

¢ PG-4H Interface connecting cable » PG-4J
Extension cable kit « TSU-6 CTCSS unit

KENWOOD

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP
P.O.BOX 22745, 2201 E. Dominguez Street

Long Beach, CA 90801-5745

KENWOOD ELECTRONICS CANADA INC.
P.O. BOX 1075, 959 Gana Court

Mississauga, Ontario, Canada L4T 4C2



PLUG INTO PACKET!

Simple and Easy.

‘Here’s the easiest packet radio yet,
you don't even have to buya TNC
to join the digital revolution. Just
let your PC do the work. Plug a
PC Packet Adapter into any ex-
pansion slot and get on the air in
minutes, just like an expert. And
you’ll still be able to use the PC for
other work! The complete VHF
system is only $139.95!

Sophisticated, Too.

When you've mastered the basics,
use the PC*Packet Adapter for
simultaneous dual-band HF/

Software Included.

Unlike others, DRSI includes all
the software you need. The THS
terminal package has split screen,
file save/send, binary file transfer,
print, scroll, review and more.

2400 BAUD

Many areas are upgrading their
packet nets to this higher speed.
DRSIs M-24 modem for 2400
baud connects simply with no
modifications to your rig and lets
you operate both 1200 and 2400
simultaneously with your present
radio. Step up to this new speed

E

VHF, multiconnect, BBS, TCP/
IP, DXer's PacketCluster, 2400

for just $79.95, today!

FTDRSI

baud (and higher). Even use the Call or Write 2065 Range Road
Developer’s Package to write your for complete Clearwater, FL 34625
own packet application. Product Catalog ORDERS: 1-800-999-0204

» 120

Kenwood TH-75A

The Kenwood TH-75A dual band HT
features 2 mand 70 cm in one compact
package. Dual LCD display, full duplex
operation, tone alert, ten multifune-
tion memories, multi mode scanning
plus many more features. Comes wilh
antenna, PB-6 nicad and charger.

Only $469.99 (+$5 UPS)
Order #HR-2179

» EXTRA PB-6 Battery only $19.99
with purchase of TH-75A.

Limit one per purchase while supply lasts.

Informative Catalogs

AMATEUR CATALOG SHORTWAVE CATALOG
This 48 page catalog covers 52 pages of everything that
all major lines of ham gear is new for the SWL, includ-
including Kenwood, Icom, ing receivers, portables,
Yaesu, AEA, Kantronics, antennas, rrry & Fax decod-
and Hustler. With prices! ers, books and accessories.

Only $1 Postpaid Only $1 Postpaid

Universal has been

Universal Radio sl w :
1280 Aida Drive Dept. HR | oo ‘o nam e
Reynoldsburg, OH 43068 | We are an authorized
Toll Free: 800 431-3939 | dcaler and service
In Ohio: 614 866-4267 e

lcom and Yaesu.

WHAT’S THE BIGGEST
ISSUE IN HAM TV TODAY?

THE NEXT ISSUE OF

AMATEUR TELEVISION
QUARTERLY

e ACCURATE reporting

e TECHNICAL information
e VALUABLE content

e QUALITY production

SUBSCRIPTIONS:
1 Year $15 U.S., $20 Canada, $25 Elsewhere

1545 Lee Street, Suite 73
Des Plaines, lllinois 60018
(312) 298-2269
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Schematic diagram of the diode/transistor tester.

PARTS LIST

CAPACITORS

c1 0.001 ceramic

RESISTORS

R4,R8 10-k potentiometer (RS 271-335)

R2,R6 1k

R3 2.2k

R5 4.7k

R7 10 meg

R9 10k

R1 10-k potentiometer (RS 271-1715)
SEMICONDUCTORS

CR1-4 IN914

Q1 2N2222 (RS 276-2009)

MISCELLANEOUS

Meter {no. 20-907 Circuit Specialists)

Case (RS 270-222)

Knobs (RS 274-403)

Testleads (RS 278-016 cut in half to provide four leads)
$1-3 four-position triple-gang switch (10YX034 Circuit

Specialists)

Possible parts suppliers

Circuit Specialists, Box 3047, Scottsdale, Arizona 85257
Mouser Electronics, Box 899, Mansfield, Texas 76065

DC Electronics, Box 3202, Scottsdale, Arizona 85257

Madison Electronic Supply, 3621 Fannin, Houston, Texas 77004

Test all bipolar transistors for leakage in the same manner.
Remove the (BG) clip from the base foliowing the saturation
test, allowing the unit to self-bias beyond cutoff. If there's no
collector-to-base leakage, the meter immediately rises to full
scale. You can expect germanium units to show some leak-
age — the meter won't rise all the way to full scale. However,
these units may still operate satisfactorily in circuits designed
for them.

Selecting matched pairs is easy. Test the first one with the
(BIAS) control set for a reading a little above the saturation volt-
age. Then try others; don't move the (BIAS) control. Choose
the two with the nearest to identical readings.

Testing J-FETs and MOSFETs

Testfield-effect transistors as you would bipolars, but place
the S1-3 switch in the (FE) position. This puts a 10-meg resis-
tor in series with the gate. Try ajunction gate for your first test.
Connectthe RED (-)tosource, the RED {+)todrain, andone
of the (BG) leads to the gate. Rotate the (BIAS) controf from
cutoff to saturation. As with a bipolar, this occurs at about 0.1
or 0.2 volt. However, if you drive the gate into conduction, the
voltage at the source will drop to near zero. To test for leakage,
readjust the (BIAS) control for a mid-scale reading and then
switch from (FE) to (BP). There will be no change in the read-
ingifthere'snoleakage. Next, testadual gate FET like the
40673. Connect the RED (-) clip to the source substrate ter-
minal, the RED (+) cliptothe drainterminal, and the (BG) clips
to the gate terminals. It will saturate at the same level as the
junction FET. Use the same test for leakage. Follow the same
procedure for testing a single gate, but expectthe saturation
voltage to be double that of the dual gate.
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coaxial R. F.

anfenna switches

Heavy Duty switch for true

- 41 Kw POWER - 2 Kw P.E.P.
Ceramic with Coin Silver
Switch Contacts

Single Pole, 3 Fasition
Desk of wall mount
All unused positions grounded

#C5-3G - UHF connectors /| $36.50*
#CS-3G-BNC - BNC connectors/ $43.95*

Single Pole, 5 Position
All unused positions grounded

#CS-6G - UHF connectors | $46.50"
#CS-6G-BNC - BNC connectors | $59.50°

"Shipping and handling for any
item add 52 each

ALL OUR PRODUCTS MADE IN USA

Quality Communication Products Since 1932
At your Distributors write or call

10 Canal Street, Bristol PA 19007 m
(215) 788-5581

('W6SAI BOOKS

published by Bill Orr, W6SAI and Stu Cowan, W2LX
BEAM ANTENNA HANDBOOK

Completely revised and updated with the lates! computer generaled information on
BEAM Antenna design. Covers HF and Yagis and 10, 18 and 24 MHz WARC bands
Eueann: you need to know. 204 lllustrations, 268 pages. ©1985. Revised 1st edition

RP-BA Softbound $11.95

ALL ABOUT VERTICAL ANTENNAS

Theary, design, construction, operation—are fully covered. Here's what this exciting
book covers: Horizontal vrs vertical—which is best? Top loaded and helical antennas,
5 high efficieacy Marconi antennas for 80 and 160, verticals and TVI—Is there a
problem? The effects of ground on vertical antennas and a how to make an effective
ground system, the Bobtail beam, construction data for 25 ditferent antennas. matching
circuits of all descriptions—which is best, plus P-L-E-N-T-Y more! 1st edition, 192
pages 1986

RP-VA Softbound $10.95
RADIO HANDBOOK 23rd Edition

Here are some of the highlights of this exciting new edition: New easy-to-use
charts for Chebyshev and elliptic filter configurations, new data on power MOS
FETS, how to use state-ol-the-art OP-AMPS, and home computer RTTY to name
just a few examples. New projects include: GaAsFET preamps for 902 and 1296
MHz, easy-to-build audio CW filter, Economy two 3-500Z, 160 meter amplifier
multiband amp using two 3CXB00A7's, and a deluxe amplifier with the
3CX1200A7 tube. New antenna projects include: efficient Marconi design for 160
and B0 meters, computer generated dimensions for HF-Yagis, and a 2 meter slot
beam. Get your copy today. 23 edition 1986

22424 (Rep. $29.95) Hardbound $26.95
THE RADIO AMATEUR ANTENNA HANDBOOK

A wealth of projects that covers verticals, long wires, beams as well as plenty
of other interesting designs. It includes an honest judgement of gain figures
how to site your antenna for the best performance, a look at the Yagi-Quad con-
troversy, baluns, slopers, and delta loops. Practical antenna projects that work!
190 pages 1978. 1st edition

RP-AH Softbound §11.95

Please enclose $3.75 for shipping and handling ﬂ l

GREENVILLE. NH 03048 (603) B78-1441
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Inside view of the tester.

PHOTO B

Completed tester, front panel view.

Diodes and rectifiers

Semiconductor manufacturerstest diodes and rectifiers for
forward bias voltage drop (a measure of junction voltage). In
the shop or shack, junction voltage is the best indicator of the
character of any diode. This measurement is easy to make
Put switch S1-3 in the (BP) position, then connect (+) toanode
and (—) to cathode. A zero reading indicates a short; a full-



Satellite TV is still full of the wonderment that
made it so popular in the early '80s. The
tinkerers are there, the programming is
there, and never has the cost of becoming a
dish owner been so low.

So, how do you find out about this exciting
entertainment?

Through publications devoted specifically
to'satellite TV, that's how!

America’s Weekly Guide To Satellite TV

OnSat is unsurpassed for the most up-to-
date listings of satellite programming. Dr.
Dish, Mailbag, and the Transponder Service
Watch are all geared to help you make the
best use of your satellite TV system. A
sample issue can be obtained for only $1.

STWie
The Complete Monthly Guide To Satellite TV

STV Guide contains over 300 pages of
programming information, product reviews,
home troubleshooting, and information
about satellite TV. A sample issue can be
obtained for only $2.

Both OnSat and STV Guide contain listings
for over 120 channels and Prime Time Grids
for over 50 channels. Subscribe to either the
weekly OnSat or the monthly STV Guide for
only $48 per year.

To start receiving the best in satellite TV
guides and information, call toll-free
(800) 234-0021. VISA™ and MasterCard*
accepted.

STV Guide/OnSat
PO Box 2384 e Shelby, NC 28151-2384

w121

ARE Communications Limited, 6 Royal Parade,

Hanger Lane, Ealing, London W5A 1ET, England
Fax 44-01-991-2565
Tel 44-01-997-4476 - 122




scale reading indicates an open. Silicons read approximately
0.6 volt and germaniums read approximately 0.3 volt. Find
matched pairs by selecting units with near identical junction
voltage. Junction voltage is a more reliable figure of meritthan
the common ohmmeter resistance reading, in which one
scale belies another.

Semiconductor manufacturers specify reverse bias diode
leakage in microamperes. Hams talk about it in terms of
kilohms or megohms, because we have only ourohmmeters
toassess it. Actually, the resistance measurements correlate
quite well ifthey are made above the voltage or current knee.
To perform the test, set switch S1-3 in the (DL) position, con-
nect the (+) clip to the cathode, and one of the (BG) leads to
the anode. Germanium diodes have reverse bias leakage
resistancesranging from thousandsto millions of ohms. The
usual range for rejection or acceptance lies between these
extremes. This calls for a nonlinear meter scale, expanded on
the high end and compressed on the low end, with a midpoint
of about 500 kilohms. Exact readings aren'timportant; a point-
to-pointtable will do. (You can glue itto one side of the instru-
ment case.) The following is a tabulation of scale readings
versus resistance values which | made for the model.

200 = zero ohms = full scale
150 = 180 k = 3/4 scale

100 = 560 k = 1/2 scale

50 = 1 meg = 1/4 scale

005 = 20 meg = no movement

The high resistance point at half division is useful mostly for
checking silicon diodes. Silicon diodes are rated at near-
infinite resistance; any unit that barely moves the meter is tech-
nically a reject. Compare that with a germanium 1N34 which
is acceptable with a leakage resistance as low as 100,000
ohms.

In-circuit testing

Itisimportantthat an in-circuit tester be nondestructive. With
thisin mind, | like to use out-of-circuit procedures in an orderly
system as follows:
¢ Connect the transistor as you would out of circuit.
¢ |fthe transistor tests OK, move on.
¢ |f the transistor tests NG, unsolder the base or gate and
repeat the test.
¢ |fthetransistor tests OK now, move on. If not, unsolder the
collector ordrain, and make one final test. Thisone is con-
clusive.

* |f you are testing an FET, use the soldering/desoldering
technique described at the start of this article.

Construction

All wiring is point-to-point. Figure 1 is drawn to be a
mechanical as well as an electrical diagram. Note that the
(OFF) post on S3 is a tie point for Q1's base and R9. Q1 is an
emitter-follower current amplifier which drives the meter
directly. R9 attenuates the drive to Q1 so that a short between
RED (+) and (BG) makes the meter read full scale.

I made the round panel markers from a self-stick file folder
label. You can also use ordinary typing paper with a speck of
glue. Mark them with a typewriter or fine-tip pen. Use a 1/4-
inch punch to extractthe markers fromthe label. (Rub-onlet-
tering is another possibility. Ed.)

R8is usedtoload the supply to get 2 volts between (+) and
(-). R4 sets the meter to read full scale. There is some inter-
action between them. Figure 1 and Detail A show switches
S1-3 going counter-clockwise from (OFF), as seen from the
rear of the panel while you're doing the wiring. From the front
of the panel, the rotation is clockwise. Photos A and B show
an inside view and the completed tester.

THE MULTIPLE RECEIVER SOLUTION

Sparky JJAntennas _

Balanced J-pole antennas that roll

up small enough for your pockel or

T
i

4 Channel Signal-to-Noise Voter

s Expandable to 32 Channel by Just Adding Cards
= Contimipus Vohing
* LED Indicators of COR and Voled Signals

~ Bualr-m Calibeator
* Remote Voted Indicators Pinned Out
* 4" x 6 Double Swed Gold Plated 44 Pin Card
» Remote Disable Inputs
~ MORE
Built, tested and calibrated with manual

$350.00

Telephone interlace now available
For more information call or wnte

DOUG HALL ELECTRONICS
Voter Department
815 E. Hudson Street
Columbus, Ohio 43211
(614) 261-8871

IF YOU BUY, SELL OR COLLECT
OLD RADIOS, YOU NEED...

ANTIQUE RADIO (LASSIFIED

Antique Radio’s
Largest-Circulation
Monthly Magazine
FREE SAMPLE COPY!
Classifieds - Ads for Parts & Services
Articles - Auction Prices-Flea Market Info.
Also: Early TV, Ham Equip., Books, Telegraph,
Art Deco, 40's & 50's Radios & more...
Free 20-word ad each month. Don’'t miss out!
6-Month Trial - $11.
1-Year: $19 ($28 by 1st Class)
Foreign by air - Canada: $30; Mexico: $28; Other: $55.

A.R.C., P.O. Box 2-A4, Carlisle, MA 01741
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briefcasa, yet have the punch of a
full size hall-wave radiator. A great
answer lor apanment dwallers or as
a super emergancy antenna. Don't
leave home without one, because
nobody beats these J's—nobody|
Sparrow Hawk Communications
450-H Wemtfield R4 Alpine, UT 84004
Order direct fram the factory (801) T56-7842 \

Sparky J°

PORTA-BEAM v

Al lastl A completely portable 2 metar three
element Deha loop beam. Easy 10 set up with
$84.95 no small pans to lose. Low VSWR over entire
(From » 2 meter band. Gain equivalent to a 4-element
m"w" Yagi. All elaments and leed line with BNC

connector store inside a 3 t boom. An ideal

emargency antenna, backpackable (18 oz ),

general lield use with accessory mast, Monay
—
O

back If not fulty satistied.
P.0. Box 520011-H SUMMITEK

Sah Lake City, UT B4152 AM (801) 277-4205

» 125



Choice Selection.

Now you can have it all! Take all the qualities you've come to depend on in
our programmable CTCSS tone equipment: Astonishing Accuracy, Instant
Programming, Unequaled Reliability; and add full spectrum tone versatility
multi-tone capability without diodes, a reprogrammable memory... Its our new
harvest of CTCSS tone equipment.

The choice is yours! If standard CTCSS EIA tones do not
suit your taste, select any 32 tones of your liking from 15.0Hz to
255.0Hz. And if you change your mind, no problem; the mem-
ory can be changed in your shop with our HHP-1 programmer,
or at our factory for free. Your working tone is accessed by a
simple DIP switch, so theres no fussing with counters or other
test equipment.

Call today tollHree and find out more about this fresh new flexi-
bility in tone signalling, and don't forget to ask about multitone
switching without cumbersome diode networks or binary switches.

Its all brought to market by the people who introduce the fresh-
est ideas in tone signalling, and of course our customary same day
shipping and one year warranty apply

ot

w123

IS-32P CTUSS ENCODER-DECODER  Based on the time proven
TS-32, the industry standard for over a decade. The TS-32P gives you
the added versatility of a custom, changeable memory base. A low price
of $57.95 makes it an even sweeter deal.

S5-32F ENCODER  Based on the equally popular
$8-32 encoder. Available for CTCSS, or audible burst
tones up to 6550.0Hz. Price is $28.95.
§S-32SMP SUB-MINIATURE ENCODER Our
smallest encoder for handheld applications. Now you
can satisfy that customer that needs to access multi-
ple repeater sites with a radio that has precious little
space inside. At $27.95, the price is small too.
HHP-1 HANDHELD PROGRAMMER For
programming the 32 memory locations in any of
our new programmable products, including our
SD-1000 Two-Tone Sequential decoder. The
HHP-1 is battery operated for field use, and
will program ANY 32 tones from 15.0 to
6550.0Hz in .IHz. increments. Price is

$199.95. o E

COMMUNICATIONS SPECIALISTS, INC.

426 West Taft Avenue ® Orange, CA 926654296
Local (714) 998-3021 ® FAX (714) 974-3420 * Entire U.S.A. 1-800-854-0547



WORLDWIDE DISTRIBUTION

N - Advanced
GEULHRUN, i ﬁ Electronic
GLOBAL | \_ Applications

| PK-232 Multi-mode

INDICATOR

® Detailed illuminated map shows lime, time 40° TUBULAR TOWER
zone, sun position and day of the week at a < i s

glance for any place in the world '5"839 2 A ll‘ E . 529
® Continuously moving - areas of day and might

change as you walch MA~550.

® Mounts easily on a wall, Size: 34%"x22'%" 55 TUBULAR TOWER

$1295°$1159.95 DELIVERED IN U.S. 1 s13e0SALE! $999

® Handles 10 sq it at 50 mph

® Pleases neighbors with

A 3 .. ' it & '.ntlu!a;' slma.r.nlmud-loak
: FROM THE CROWD .T _455
10, 15, 20 55'mxsssm~omc * NEW IBM Fax Screen

CRANK-UP
™ Meters e s Caioa Display Program Available

= R ® No guying required * Transmit/Receive on Six Modes

ﬂmﬁfﬁ ® Extra-strength Construction « CW/RTTY/ASCII/
—smm.. ® Can add raising and molor

Whether busting pileups, drive accessories S e 00h 0 . AMTOR}PackoFAX
rag chewing or hunting MARD rolot b IBM and Commodore,
rare DX, the A3 stands TOWERS RATED TO EIA SPECIFICATIONS terminal programs available
out from the crowd with OTHER MODELS A aiael ;Pml(’% * Radio Ports Eor HF and VHF
the perfect combination : e -
of easy assembly, the In Stock for Quick Delivery

right size, rugged durabil-

REG. ity and great performance ‘l‘m%f \\ Free Shi pme nt

included

39900 * Boom Length 14 ft,

o Wind Suriace Yo | Kantronics/KAM
E Area 4.36 ft.

SAL
;;).{239,9-3

Plus Shipping F i E——

~OOCeO PARAGON 585

ﬁ‘c}l "J{ t"‘ » Ten-Tec OSK cw, real FSK and sideband audio Tfue dual pOl’I -
VHF!UHFE « Select any filter mnany mode simultaneous HF/VHF
SOLIDSTAT « TX 160 through 10 meters « All mode superiority acket operation
« RX 100 kHz 10 30MHz « A HF P pe
AMPLIFIERS - bl * Personal Bulletin Board
« RTTY/ASCII/AMTOR/CW/Weather Fax
* Programmable MARK and SPACE tones
« Terminal programs for PC compatibles
- and Commodore B Chmiid
* WEFAX programs for PC, Commodore,

Contemporary design, TlTAN 425 and Macm?gsh

quality and a 5 year warranty » Pair 3CXB00AT » External Power Supply

« Performance at legal limit One-year Warrant
5 on pi"SHBF"g.'ﬂﬁo’- t + 3MS OSK, 160 22 MHz - Assures “Loaf Along” CAl ;y—-(),q { OW Y
months on the ina| transistors. « With authorized modification lhmugh 29,999 MHz —~ALL F LO &

All amplifiers have GaAsFET receive I NOW! ERE AEN L (_J W PRICE
pre-amps and high SWHR shutdown protection INSTOCK NOW! FHE SHIPMENT!

All Major. Brands in Stock Now!'-

Call any of our 800 numbers coast to coast from most parts of the country.

CALL TOLL FREE NIR{\%‘.E?TIJFVII_EST . SOUTHEAST ~ ~ MID. ﬁnnpnc NEW ENGLAND

5 30 EST ALEM. 810 5

+Cana Toll free including Hawaii. Phone Hrs: 7:00 am to 5:30 pm. Pacific Time, California, Arizona and Georgia customers call or visit neares| store.
L - California, Arirona, Georgia and Vimginia residents please add sales tax. Prices, specifications, descriptions subject to change without nolice
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WORLDWIDE DISTRIBUTION

NOW LARGEST HAM OUTLET IN THE WORLD

STORE BUYING POWER

ICOM IC-765 CON COM 1C-900
— - MULTI-BAND
el © - o) 200 ~ " MOBILE

100W, 100kHz to 30MHz
' THE ULTIMATE YOU CAN OPERATE SIX BANDS
HF ALL BAND TRANSCEIVER 150 W. ALL BAND WITH ONE CONTROLLERI!
Dual VFO system HF THANSCEIVEH 2 MTR 25/45W, 440 MHz 10 MTR, 6 MTR,

& R 220 MHz & 1.2 GHz 10 MEMORIES
SALE!CALL FOR PRICE E ) ADY FOP

NS A Models 25W
[COM H Modets 100 W HAND-HELD

IC-275/A275H, 138-174 MHz COM  VHF/UHF
IC-375A, 220 MHz . .
IC-475A/475H, 430-450 MHz [TV R T {o[[e Noll g g8y

NATIONWIDE TEAM

NOWALOCATER. N IC-02AT IC-2AT 2MTR
SALEM, NH IC-3AT 220 MHz
WOODBRIDGE, VA IC-04AT IC-4AT 440 MHz

VI IC-725

THIS GIVES YOU EVEN
BETTER RESPONSE WITH

100 W, 100 KHz-30 MHz LOW-LOW OUTLET PRICES 100W. 30kHz to 33MH
Dual VFO Receiver & RAPID DELIVERIES s
= e e e e HF ALL BAND TRANSCEIVER
CEIRNCLINCIUNRCIVELISIE COAST TO COAST. RICH
All'Major. Brands in ' Stock: Now!
djor branasti C OW.
ANAHEIM, CA 92801 BURLINGAME, CA 94010 PHOENIX, AZ 85015 SAN DIEGO, CA 92123
2620 W. La Palma 999 Howard Ave 1702 W. Camelback Rd 5375 Kearny Villa Rd
.- (714) 761-3033, (213) B6O-2040 Eﬂb} 342-5757 Eﬁ(lzp 242-3515 619) 560-4900
f" Between Disneyland & eorge, Mgr WBBDSV ob K7RDH, Gary WB7SLY. Mgr  Tom. Mgr. KM6K STORE HOURS 10 AM-5:30 PM
. Knotts Berry Farm 5 miles south on 101 from SFO  East of Hwy 17 Hwy 163 & Claremont Mesa Biva CLOSED SUNDAYS
Bob Ferrero W6RJ ATLANTA, GA 30340 OAKLAND, CA 94606 SALEM, NH 03079 WOODBRIDGE, VA 22191 VAN NUYS, CA 91411
President/Owner 6071 Buford Hwy 2210 Lw:ngston St 224 N_ Broadway 14803 Build Amenca Drive 6265 Sepulveda Bivd
Jim Rafferty N6RJ (404) 263-0700 }:15] 534-5757 603) 898-3750 1-800-444-0047 (703) 643-1063 1-800-444-4799  (B18) 968-2212
VP-National Larry, Mgr WD4AGW ich, Mgr WASWYB urtis, Mgr. WB4KZL John, Mg, WB4GJZ Al Mgr KBYRA
Sales Manager Doraville. 1 mi. north of 1-285 1S-880 at 23rd Ave Ramp 28 miles north of Boston eat 1193 Exit 54, 1-95 South to US RT 1 San Diego Fwy at Victory Biwd
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Imagine your own
HAM TOWER
with  its  majestic

curves, handling the

most extreme loading
conditions, sweeping
into the heavens.

This iz an actual scaled down verslon of the 761

LANDMARK, , TOWER conslruct
Washington, 11

Now imagine the easy to follow
Instructions and KIt.

For information contact:

ADELPHON, INC.
P.O.Box 7256
Fort Worth, Texas 76111

(817) 335-8666

e Advanced Technology

Announcing the next gen-

© eration of packet controllers
for the serious operator!

The new inboard PC-320
(shown), is designed to work
with all PC/XT, PC/AT, and
Tandy 1000 series compu-
ters. The TNC-320 outboard
controller offers many of the
same high quality features!

PC-320

$209°°

TNC-320... ¥194.95

(Wired & Tested / 1 Year Warranty)

PC-320 features . . .
* Dual modems for optimal VHF and HF operation,

® Appears as regular PC senial port (COM 1-4) - operates with
any terminal program just like an external TNC

* Dual Powered - operates from PC or external power. Contin-
ues complete operation even when the PC is turned off!

* Personal Message System- the most advanced personal mail-
box available . included at no extra charge

® Displays on-screen HF tuning indicator and simulated 'LEDs’

For complete info & specifications
Call (813) 874-2980 ' To Order. Call
Toll Free: 1-800-223-3511
Major Credit Cards Accepted!

PacComm # 3652 West Cypress Street ® Tampa. Florida 33607
Please send 00 PC-320 0O TNC-320 0O More Information O FREE Catalog
Name Call
Address -
State ______ Zip Card# ———— Exp. Date

MONEY BACK GUARANTEE! Add $4.00 shipping handling per order FL residents add 6% sales lax
Major Credit Card give number. expiration and signature FAX: 813-872-8696
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! PC-320 / TNC-320 colhckET )

EVERY ISSUE of

HAM RADIO

now available on microfiche!

The entire run of Ham Radio Magazine
(March, 1968 thru last year) is ready
to ship to you in one, easy to use
format.

Our 24x microfiche is easy to read and
very compact. We offer a hand held
reader for $75, and a desk model for
$200. Libraries have these readers.

As a bonus, you will receive Ham
Radio Horizons (3/77 thru 12/80) free.

Everything is included, front cover to
back - ads too!

Annual updates will be offered for $10.

Send $185 payment
accepted) to:

(visa/mc

1shed
"Hx 5% "Wx 74"D Wi Z2lb 0oz

« Supphed with AC & DC power cords Telescopic
antenna P — UCK

BUCKMASTER PUBLISHING

COMMUNICATIONS Route 3, Box 56
10707 E. 106th . Indpla., N 46256 Mineral, Virginia 23117
TO]JI IFIE'IE ?&435-}’11 1 Fw1 703/894-5777 visa/mc 800/282-5628
.-".l‘Jlllll-‘.Il-ﬂuII:I'.I'.Iu-]i;.r-:.- =
In Indiana 317-849.2570 Collect . FAX (317) 849.8794
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A HIGH

PERFORMANCE
DUOBAND YAGI
FOR 15 AND 20 METERS

Two PVi4s
on a single
boom

By David J. Rodman, M.D., KN2M, 368 Hedstrom
Drive, Buffalo, New York 14226

ultiband antenna systems with traps, loading caoils,

or similar devices are commonin Amateur Radio.

These antennas have many distinctadvantages —
they can be purchased easily, are constructed simply with
manufacturers’ kits, are generally fed directly with a single
coax line, and give modest performance. Monoband
antennas aren't as popular — except within the realm of
antenna afficionados, like contest enthusiasts. The superior
gain and efficiency advantages of monoband antennas are
often outweighed by the antennas’ large size, cost, and com-
plexity on a single tower.

| came up with this antenna project when the bands were
in the doldrums of the sunspot cycle; that's why it doesn’t
address a triband system that would normally include the 10-
meter band. | made an attempt at a compromise based on
the needs of Amateurs who require multiband systems for the
most popular HF bands, with the efficiency that approaches
separate monoband antennas.

Theory

Wilson Electronics Corporation was the most recent
manufacturer to address the idea of a duoband antenna sys-
tem. Such antennas were adequate performers onthe lower
frequency; however, when used with the higher frequency,
operators found not only that the gain was less than adver-
tised, butthe front-to-back ratio was dismal. While the use of
two harmonically related or unrelated frequencies on the
same boom has been addressed, don't assume that harmon-
ically unrelated antennas in this configuration are devoid of
elementinteraction.! Infact, justthe opposite is true. Position-
ing harmonically refated or unrelated elements in close prox-
imity to any antenna tends to invite electrostatic shielding in
some configurations. This shielding affects the higher fre-
quency antenna more than its lower frequency counterpart

because of the size of the elements. The effects of this inter-
action are most pronounced when antennas share the same
boom. Electrostatic shielding also alters antenna perfor-
mance when separate antennas are spaced inadequately.

Duoband antennas show degradation of front-to-back
ratios on all frequencies, and forward gain reduction on the
higher frequency antenna, as a result of electrostatic shield-
ing. You'll need to anticipate this problem before you start to
build if you want to improve your antenna’s performance.
Empirical estimations of element placement appear to be no
better than chance in designing such antennas, and yield
equally poor performance. To ease this burden for Yagi
design, use computer modeling programs to simulate
antenna performance before actual construction. These pro-
gramslet you make accurate and precise iterations of design
parameters in minutes.

Design approach

| used MININEC to develop my antenna. MININEC lets you
alter element size and spacing until both forward gain and
front-to-back ratios are maximized at the desired operating
frequency and height above ground. Actual antenna testing
with distant observers showed that measured performance
can even surpass computer predictions.

Before | discuss the optimization technique, I'dlike to make
several points concerning computer modeling. First, actual
MININEC calculations are dependent upon the CPU type,
clock speed, and the presence of a mathematical co-
processor. Use the fastest system available to speed your cal-
culations. Second, it's extremely difficult to model commer-
cial multiband trap Yagi antenna designs. You need to specify
all complex reactance values along with their locations in
three-dimensional space precisely, before even attempting
this. Don't expect to redesign trap antennas easily with such
software. Finally, the calculations performed for my antenna
required exhaustive changes in element position and length
before | made my finai design selection. Conceptually, it's
similar to tuning a circuit with eight unknowns. The system per-
forms as described for the dimensions and element taper
specified. Small deviations from these specifications won't
necessarily produce the same results. If you wantto alter these
values, | suggest you use computer modeling to make your
changes.

The method required to maximize the performance of this
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New from ARRL

Following the hard-cover style of Transmission
Line Transformers, and Yagi Antenna Design,
Antenna Impedance Matching is written with the
advanced amateur, antenna design engineer and tech-
nician in mind, but even if you don’t have any special
expertise you'll be able to develop very sophisticated
systems. This is probably the most comprehensive
book ever written on the use of Smith Charts™ in
solving impedance matching problems. This 224-page
book is of importance to those who want to maximize
antenna effectiveness. A properly matched antenna as
the termination for a line minimizes feedline losses,
and power can be fed to such a line without the need
for a matching network at the line input. Antenna
Impedance Matching is a “must” for the antenna
designer and serious amateur. The price is $15, please
add $3.50 for shipping and handling.

THE AMERICAN RADIO RELAY LEAGUE, INC.
225 MAIN STREET

NEWINGTON, CT 06111
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applications

For over 37 years, ICM has
manufactured the finest in
quartz crystals for every
concelvable purpose

A wide selection of holders
are available to fit most any
requirement. Qur computer
database contains crystal
parameters for thousands of
equipment types

Need crystals for
communications, telemetry,
industrial, or scientific
applications? Let ICM's
sales department assist you
to determine which type of
crystal 1s best for you
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CUSTOM CRYSTALS

Can we solve your
crystal problem?

For special purpose
crystals, special holders.
special sizes, call our crystal
sales department We will
be pleased to provide
recommended data

[[=lnal

International Crystal
Manufacturing Co., Inc.

PO Box 26330 701 W Shendan
Oklahoma City OK 73126-033(

Phone (405)
Telex 747-14
Facsimile 1405) 235-1904




FIGURE 1

15 AND 20 METER DUOBAND YAGI ANTENNA BY KN2M
D2-15 DE-15
224" 5%
¢
]
!
D1-15 R-15
56" 95"
D2-20 01-20 DE-20 R-20
238" 28" 132 238"

Element name code and distance from boom center.

or any similar project is as follows. First, start with a design
showing element size, location, and diameter. Translate this
datainto a simple mock-up of the antenna (ignoring element
taper) modeled in free space. With MININEC, calculationsin
free space are much faster than those performed over real
ground. When you've produced a suitable design, model the
antenna over real ground at the desired height. Once your
design proves satisfactory, make a real model of the antenna
with the actual taper schedule in free space. | used a BASIC
program written by Bill Myers, K1GQ, called TAPER.2Finally,
modelthe actual antenna over real ground. Atany pointinthe
analysis, you can vary elementlocation to maximize the front-
to-back ratio and minimize loss inforward gain. These values
are generally inversely related, and give many opportunities
for producing either a suitable design or one that becomes
increasingly undesirable. Throughout your calculations,
remember to accommodate maximum gain and front-to-back
ratios at the design frequency.

Results

The antenna design is shown in Figure 1. This antenna sys-
tem is based on the PV4 antenna designed originally by the
late Jim Lawson, W2PV. The antenna was only recently
introduced tothe general Amateur population.2 | read several
sources before building the antenna that provided excellent
background on construction.! The characteristics of thisarray
are similar to previous descriptions in that gain is fairly con-
stant over each band, butthe front-to-back ratio peaksin a nar-
rower frequency range.

Essentially, I've mounted two of these antennas on the same
boom and redesigned them carefully to maximize antenna
performance. Lawson wasthefirstto note that gainis depen-
dent on boom length. He also observed that front-to-back
ratios are maximum at odd multiples of quarter-wave boom
lengths.3 Here, in contrast tothose findings, gain and espe-
cially the front-to-back ratio of the higher frequency antenna
areinevitably decreased by the electrostatic shielding of two
antennasonthe samelong boom. The only way to maximize
the front-to-back ratios of the two antennas is to perform
repeated calculations with MININEC. Despite this technique,
the gain on 15 meters is less than on 20 meters for the same
electrical boom length. A rule of thumb when designing mul-

tiband antennas like the one described here is that the gain
of the higher frequency antenna will approximate a three-
element array of lesser boom length. A comparison of this
dataisshownin Table 1. If you can accept the fact that the 15-
meter portion behaves more like a three-element antenna on
a0.3-wavelength boom, then this is by all accounts an excel-
lent system. You now have a multiband Yagi without traps, but
with maximum gain and front-to-back ratio at the design fre-
quency. The system does require separate feedlines and
matching devices for each band.

Asyou'llnotein Table 2, the design uses relatively large ele-
ment diameters. | selected aluminum sizes in an attempt to
keep construction as rugged as possible. Moreover, with a
large element diameter, the SWR bandwidth is increased by
maintaining relatively low element Q. You can match your
antenna with a gamma match or a beta device, whichever you
like better. Note that the driven elementlength here has been
shortened somewhat to produce the capacitive reactance
necessary for the gamma match actually used in construc-
tion.

TABLE 1

Duoband antenna electrical characteristics for 14.175 and 21.2
MHz.
Forward Calculated Measured InputZ
gain F/8 F/B
20 meters 100 dB 25408 40dB 19.4-22 8
15 meters 79dB 251 dB 35d8 14.9-201

TABLE 2

Duoband antenna element half-length data for 14.175 and
21.2 MHz.

Location Length15 OD 15 Length20 OD 20 Material
inches inches inches inches
Segment 1 72 1.125 72 1125 606316
0.043 wall
Segment2  End 10 68 10 606316
piece 0.049 wall
varies
Segment3 none none Endpiece 0875 606316
varies 0.049 wall

TABLE 3
Duoband antenna element end piece length data for 14.175 and
21.2 MHz.
Element Length 15 Length 20 Distance to boom center

inches inches inches

Reflector 670 744 15-95 20-238
Driven
element 590 582 15-15 20-137
Director
no. 1 576 559 15-56 20-28
Director
no. 2 55.0 499 15-224  20-238
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AMATEUR TELEVISION

SMILE! YOU'REON TV

Only
$329

Designed and
built in the USA
Value + Quality
from over 25years
in ATV..WBORG
With our all in one box TC70-1, 70cm ATV Trans-
ceiver, you caneasily transmit and receive live action
color and sound video just like broadcast TV. Use
any home TV camera or VCR by plugging the com-
posite video and audio into the front VHS 10 pin or
rear phono jacks. Add 70cmantenna, coax, 13.8 Vdc
and TV set and you are on the air...it's that easy!
TC70-1 has >1 watt p.e.p. with one xtal on 439.25, 434.0
or 426.25 MHz & properly matches Mirage D15, D24,
D100 amps for 15, 50, or 70 watts. Hot GaAsfet downcon-
verter varicap tunes whole 420-450 MHz band to your TV
ch3. Shielded cabinet 7x7x2.5". Req. 13.8 VDC @ .5A
Transmitters sold only to licensed amateurs, for legal purposes,
verified in the latest Callbook or send copy of new license.
Call or write now for our complete ATV catalog

including downconverters, transmitters, linear amps,
and antennas for the 70, 33, & 23cm bands.

(31 3) 447-4565 m-t Bam-5:30pm pst. Visa, MC, COD

P.C. ELECTRONICS Tom (W6ORG)

2522 Paxson Ln Arcadia CA 91006 Maryann (WBEYSS)
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Employment opportunities
at

Cushcraft Corporation

Antenna Design Engineers
3 to 1000 MHz Range
Enthusiastic experienced Yagi, Omni, and mobile antenna
design engineer wanted to lead our design team.

We are also seeking entry level BSEE to join the team.
This is your opportunity to make a difference.

Landmobile Antenna Salesperson

Excellent opportunity for experienced salesperson with two-
way radio familiarity. Market our state-of-the-art Voice and Data
Transmission Antennas to the growing Landmobile industry.
Business-to-Business sales. Established territory. Commission.

Excellent benefits.
Call Now —

Cushcraft/Signals
48 Perimeter Road
Manchester, NH 03103
603-627-7877

Construction

Before assembling this antenna, remember to follow and
reproduce exactly the dimensions specified by computer
modeling (Table 3). If you don't you will get aless than optimal
result, first noted in decreased front-to-back ratios.

There are advantages to using this particular configuration
with a 40-foot boom. First, thisis an excellentlength for the 20-
meter band, giving 10-dBiforward gain. Shortening the boom
sacrifices gain on the most popular HF band. Second, the
boom material (3-inch OD 0.065-inch wall aluminum tubing)
is available in 20-footlengths. The boom halves can be joined
with a 3-foot piece of larger wall 2.875-inch OD tubing.

Be sure to place furniture foot caps on the ends of all ele-
ments during construction. This eliminates the risk of damage
during ice storms. | also suggest using conductive grease at
all element telescoping positions. Use simple hose clamps
to secure each telescoping joint. To help retard weather cor-
rosion, coat all hardware surfaces during construction with
a clear aerosol varnish designed for outside use.

As | mentioned before, there are mechanical disadvan-
tages when using the PV4 antenna. Because you use odd ele-
ment spacing, the driven element location and matching
device are atsome distance fromthe mast. Thisantennaalso
needs a substantial boom brace because of the number and
spacing of elements, and the fact that PV4 antennas tend to
have a center of gravity away from the boom center. You'll note
that the 15-meter portion of this antenna has been moved
towards the director end of the boom. This makes it possible
to adjust the matching device for that band while the antenna
is on the tower. The array also haslesstendency to be reflec-
tor heavy.

Many of you may shy away from any antenna project that
requires construction and adjustment of a matching device.
Because this antenna requires some reorientation during
adjustment of the match for 20 meters, I'd like to make some
points that should simplify these tasks. First, a calibrated noise
bridge is invaluable for determining feedpoint resistance and
reactance values. Second, if you use an odd multiple half-
wavelength line for these measurements, you can even make
theminthe shack. Third, the actual feedpointimpedance may
be measured more conveniently and with greater safety ata
heightlower on the tower, as it may be necessary totilt the array
upwards to reach and adjust the match.

Conclusion

The antenna design I've presented shows how currenttech-
nology allows optimization of Yagi performance beyond previ-
ous methods. Computer analysis now replaces most antenna
range testing. I've used my antenna at heights of upto 1.4 to
2 wavelengths above the ground. It performed well when con-
tacting DX stations. The front-to-back ratios, both predicted
and measured, are extremely favorable when compared with
commercial antennas.

This antenna, like any multiband, has limitations. However,
should you build one of these, you should notice definite
improvements in band-centered gain and front-to-back ratios
over multiband commercial antennas. Using a duoband
antenna like this for the new 17 and 12-meter bands should
give satisfying results with a single array.

REFERENCES

1 G L Hall Ed . The ARRL Antenna Handbook 15th Edibon, Amencan Rado Relay League. 1988
2 W Myers. “The W2PV Four-Element Yag:” Q571 Oclober 1986, pages 15 19

3 JL Lawson. W2PV. Yagr Antenna Design. Amencan Radio Relay League, 1986



Tuned To The
New World Of
Amateur Radio

From Novice to Extra Class
Cushcraft has the antenna
you need.

Cushcraft offers high perform-
ance antennas to make every
. phase of your ham radio activity
wry e more satisfying. We have been
4 creating innovative and exciting

HF TRIBAND BEAM A3, The
mas! popular compact 10,15,
20 meter beam. A4S A high
performance 18° long wide-
band beam with all stainless
steel hardware. 40 meter add

new products for more than 35 on kits for each
years. Call or write for a free

copy of our full line antenna and WE_‘MM_,M,., SHENALS:
accessory catalog or see your magnetic mount mobile for 10

meters. An ideal companion to
the new 10 meter multi mode
rigs. Model CS28M

local dealer.

APS VERTICAL. Covering
10,12, 15, 17, 20, 30, 40, 80
Meters,  Greal choice for
Novice 1o Extra class

BOOMERS. The contest winners and distance
record holders. Computer enhanced design for
better gain, pattern and strength. VHF and UHF
models for SSB, FM and other activities.

NEW 10 METER 3 ELEMENT for the nov-

w ice, technician or any ham who wants more

RINGO RANGER 1. Still the world's lavorite 2
meter, 70 cm or 220 MHz omni antenna, with
more gain. A must for your FM or packet station,

gain with a good front to back ratio. Model
TEN-3

R5 HALFWAVE 10,12, 15, 17, 20 METER
VERTICAL Amazing DX performance in a
small space without ground radials. In-
cludes a solid state broadband impedance
matching network. Model RS

FAST ACTION GAS TUBE LIGHTNING
ARARESTERS Protect your valuable radio equip-
ment. High and low power models
with SO-239 or N connectors.

10, 18, 24 MHz
ROTATABLE DIPOLE

Mounts easily onthe same mast as
your tribander or other antennas
Bi-directional pattern gives excel-
lent performance. Model D3W

g)) CORPORATION

THE ANTENNA COMPANY

P.O. Box 4680, 48 Perimeter Road, Manchester, NH 03108 USA
Telephone: 603-627-7877 / Telex: 4949472 / FAX 603-627-1764
AVAILABLE THROUGH DEALERS WORLDWIDE
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SKYWALKERMONOCBAND 10,12,15and
20 meter Yagis for more contacts, less wait
ing and a better signal, Preferred by con
testers and DX-Peditions




here is the next generation Repeater
2 meters - 220 - 440

MARK 4CR The only repeaters and controllers

with REAL SPEECH!

No other repeaters:or controllers match Create_messages just by talk!ng. Speak any phrases_or
Mark 4 in capability and features. That's yvords 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 . i
Msssage Mastarne roul spoech s veice  alerts. 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 ® 7-
helical filter receiver ® extensive phone
patch functions. Unlike others, Mark 4
even includes power supply and a el
handsome cabinet. ' -

Call or write for specifications on the
repeater, controller, and receiver winners.

p MICRO CONTROL SPECIALTIES
Division of Kendecom Inc. TELEX 4932256 Kendecom

23 Elm Park, Groveland, MA 01834 (508) 372-3442

FAX 508-373-7304
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NEW’” DUAL & TRI BAND SUPER
o “ ”
g LINEAR” ANTENNAS
MODEL FREQUENCY = GAIN  POWER | LENGTH USE H H
B [ | 1M B2dB | g0y | ygeqn | BASEREPEATER Electronic Repalr Canter
g 3 446 MHz | 11.5dB Servicing
_ azuarx | AL | A58 200w | 5111 | BASE/REPEATER Amateur Commercial Radio
140-155 MHz | 4.5dB ; The most complete repair facility on
g CA-2X4M 440-460 MHz | 7.0d8 150w 5 MOBILE the East Coast.
| 146 MHz | 3.848 e ] Large parts inventory and factory
E (A-2X45R 446 MHz 6.2 | W 3'4 MOBILE authorized warranty service for
§ 146 MHz | 3.0dB N | Kenwood, Icom and Yaesu.
X-901 446 MH:z 6.0dB | 150W 3'6" | BASE/REPEATER
| Hilk: | Gl SEND US YOUR PROBLEMS
3 146 MHz 3.048 Servicing ''Hams"' for 30 years, no rig
X-801 446 MHz 6.8dB | 100W Ll b MOBILE too old or new for us.
E 1.26Hz | 9.6d8 S
= 146 MHz | 2.15dB | 150W = o == g4
(A-630TN| 446 MHz | 2.15dB | bl MOBILE ﬁ'i%
1.26Hz | 5.54B| 50W 4033 Brownsville Road
T , Pa. 19047
NEW! ULTRA COMPACT €4t YoUR piasa  Tovsen. x4
SWR/POWER METERS

(M-200 144-150 MHz
(M-300 200-250 MHz

= (M-400 420-460 MHz -
(M-420  140-460 MHz 1275 N. Grove St
(M-900 B850-950 MHz Ancheim, CA 92806
(M-1200 1250-1350 MHz2 (714) 630-4541
DEALERS INQUIRIES WELCOME FAX (714) 630-7024
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By Mark Allen, WJ7X, National Service Manager,
lcom America, Inc.

) was taking a late night flight home from the Dayton
Hamvention™ in 1988. As | settled into my seat, | saw the
face of an old friend, Danny Eskenazi, K7SS, in a distant

part of the sparsely occupied cabin. When | went over to say
hello, | found Danny sitting with John Kiesel, KE7V.

The conversation drifted fromtopic to topic during the long
flight, until the subject of a DXpedition came up. Danny's eyes
beamed as he asked if | might be interested in lending tech-
nical support to a possible DXpedition to Aruba. Carl Cook,
Al6V, had talked with Dan and several other operators about
putting the DXpedition together in an attempt to win the 1988
CQ Worldwide DX Phone Contest.

The idea appealed to me greatly; however, my skills as a
contest operator were minimal. | thoughtthe DXpedition might
be a good vehicle to get back into the contesting scene

The remainder of the flight was occupied with talk about the
most efficient way to beat our competition from both techni-
cal and operating standpoints. As | listened, | realized that |
had fallen years behind the other operators in contesting

About the time my enthusiam reached its peak, | was

informed that Carl was going to run the
operationon a "by invitation only” basis.
Gelling an invitation was going to be diffi-
cult, unless | had something specific to
contribute. My contribution would
definitely have to be my technical skills. As we left the plane in
Seattle, Dan assured me that he would see what he could do.

Carl called a few days later. He said there was a rumor cir-
culating that | was interested in getting involved in his planned
Aruba DXpedition. Without the slightest hesitation, | told him
“absolutely.”

Atter a brief rundown of my technical background, Carl
decided that it would be a good idea to have me along
Although | didn't realize it, my 20-year ham radio career was
about to change dramatically

Carlimmediately put me to work on a series of challenging
technical questions. He asked if | realized the range of the
problems caused when six stations were operating simul-
taneously in a confined geographic area. | have had quite a
bit of experience in this type of situation and an extensive
career inthe broadcast industry, so | was very familiar with the
problems. However, | had never encountered anything of this
magnitude. Carl decided that because | had experience in
the Caribbean and Bahamas, | would also be a good person
to coordinate our equipment shipments from the United
States to Aruba.

Over the next several months, the scope of the project
changed considerably. Carl recruited Evelyn Garrison, WS7A,
to develop the concept of a TEAM ICOM. ICOM would pro-



vide equipment for the effort and make transportation
arrangements. In a meeting held shortly thereafter, Ron
Rueter, NV6Z; Daniel Handa, W7WA; John Kiesel, KE7V; Dan
Eskenazi, K7SS; and | had our first discussions about the exact
types of equipment and station layouts we were going to use.

Although | didn't know it at the time, Murphy's
Law was about to complicate our plans.

Our equipmentlistincluded: twoC-781s, three IC-761s, two
IC-751As, seven IC-735s, four IC-12AT handi-talkies, power
supplies, microphones, and various other accessories. We
spent the next month drawing layout diagrams for each sta-
tion, required antenna configurations, bandpass and band
cutoff filters, and calculating the amount of coax cable and
rope we'd need. Carl was a great help to us since he had coor-
dinated such operations before and was familiar with the field
problems involved in erecting massive numbers of antennas.
Atthe last minute, Dick Ehrhorn, WAETO, of ETO Alpha Ampli-
fiers, offered aloan of Alpha 86 amplifiers. The group was very
happy about this addition; it would add another couple of dB
to our signal.

The logistics

By July 1, 1988, things were beginning to happen.
Hundreds of hours had been invested in the project for plan-
ning, drawing, replanning, and computer analysis. It was at
this time that | had my first contact with Tom Schiller, N6BT,
whose area of expertise 1s antennas. His prowess at optimiz-
ing antennas absolutely amazed me! Tom and | had several
discussions, and he ran a computer optimizing program to
find the best antenna configurations.

Finally, the time came to find a place to collect all our equip-
ment. We had amplifiers, radios, lower sections, cable, rope,
and antennas. John Lopez of International Radio Systems in
Miami graciously loaned us a warehouse facility. During July
and August quite a bit of material arrived at John's warehouse.

In the meantime, the activity at ICOM continued at a fran-
tic pace. Allthe equipment being sentto Aruba was new. First
it was functionally checked for “infant” failure problems.
ICOM's HF technician Russell Dudley, KW50, coodinated this
effort. Every conceivable parameter was checked onthe 781s,
761s, 751As, and 735s. | began assembling spare parts kits,
which included service manuals, owner's manuals, and parts
that wouldn't be available in the field.

Although | didn't know it at the time, Murphy’s Law was
about to complicate our plans.

I had contacted a freight-forwarding service in Miami and
had been assured thatequipmenttransportation toand from
Aruba would be no problem. Their planes, they said, flew to
the island on a daily basis taking supplies to the hotels and
casinos, Itwas here that | made my first mistake. Assuming that
anyone who transported casino and hotel supplies should
surely be well connected, | didn't do any serious checking.
Boy, was | ever wrong!

Around the middle of August, | called Dick Ehrhorn,
WA4ETO. He informed me that all the amplifiers had been
checked, rechecked, and shipped to our collection point in
Miarni. | also confirmed that all the tower materials, antennas,
rope, and coax cable had also been shipped. ICOM shipped
their equipment, and the whole project was in the hands of
the trucking companies and UPS.

By September 1st, all the equipment had reached Miami

and was being prepared for shipment to Aruba. There was
not the slightest hint of trouble.

After extensive consultations with the Miami freight com-
pany, it was determined that the equipment neededto arrive
by October 15th; the nominal shipping time to the island of
Aruba was three or four days. We were told: “No problem.”
Murphy laughed at our ignorance.

A small setback

On Monday October 17th, | received a panicked call from
Carl. He was in Aruba, but there was no equipment waiting.

The first call to the freight company indicated that the equip-
ment had been picked up, shipped, and was in Aruba. Carl
spent the remainder of the 17th and most of the 18th trying
tolocate it. Finally, after scouring customs, the air freight office,
andtheisland, he determined that the equipment was just not
there. Another call was made to the freight company. They
were absolutely sure the equipment had been shipped and
had flightand waybill numbers to prove it. Carl spent most of
the 19th and 20th of October calling from Aruba, trying to
locate the shipment.

Meanwhile, Hurricane Gilbert was lashing the islands of
Bonnair and Curaco, and there were heavy rains and stray
winds on Aruba. Time was rapidly running out. The entire
crew was due on Monday the 24th to begin assembling the
station and raising towers and antennas. Unfortunately, there
was nothing for them to raise.

Late on Thursday October 20th, Carl determined that the
freight had been shipped on the 19th. However, it had been
sentto Curaco instead of Aruba. It seemed that the air-freight
company was temporarily banned from landing in Aruba.

On Friday the 21st, we discovered that the freight agent in
Curaco handling our shipment was an Amateur operator. Carl
pleaded with him and explained the problems we were hav-
ing. Magically, the brotherhood of Amateur Radio came
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together. The shipment began arriving on the 22nd. The
majority of it was in place by the 24th. Unfortunately, we dis-
covered that we were still missing all of the antennas. We
began working our way backwards and finally discovered that
the antennas inadvertently had not been shipped from Miami.
We made a hasty callto American Airlines air freightand they
arrived on the 26th. We went to work building antennas the
instant Carl drove in from the airport. Although we had built
the towers on the 25th and 26th, we didn't actually get to put
up the antennas untillate Wednesday. Antenna erection con-
tinued throughout the day on Thursday and finished the morn-
ing of Friday the 28th, with the contest a mere twelve hours
away! | left Seattle onthe 24th, planningtoland in Aruba later
that night.

When| arrived, | found that the shipment had finally made
it. Most of the equipment had been removed fromits shipping
containers and checked. Aside fromaminor dingtoanampli-
fier, the equipment had reached its destination in good con-
dition — despite its detour!

The work proceeds

Meanwhile, all our technical plans were falling into place.
There were two houses a short distance apart. We decided
that the 10, 15, and 20-meter activities would be headquar-
tered at one house. The Forty, 80, and 160 meters would be

at the other, which had a large open field that we would use
for our Beverage antennas.

Two 781s were assigned to the 40 and 80-meter positions;
the 160-meter position had one 751A, andthree 761s covered
10, 15, and 20 meters. The 735s were used parallel to each
position for spotting radios. They were connected via a relay
network so the spotter operator could take control of the ampli-
fier and antenna to grab a rare contact.

The antenna system generally consisted of four-over-four
stackson 10, 15, and 20 meters. The lower antennas were fixed
and connected viaa phasing harnessto the upper, rotatable
antenna. Stacked two-element beams were used in the same
configuration on 40 meters. The antennas for 80 and 160
meters were pure magic! Wally Eckles, W8LRL, noted low-
band DXer, appeared on Wednesday with the supplies to
build the 80 and 160-meter antennas.

Wally proceeded to construct one of the largest low-band
Beverage arrays | had ever seen! The transmitting antennas
were an array of long wires, slopers, and a vertical made out
of pipe borrowed from alocal refinery. Stringing out the wires
for the Beverage was aninteresting experience. We traipsed
through coral fields, slightly overgrown with underbrush and
overrun with small iguanas. The ground around us moved
continuously, as the lizards scurried about

After all the antennas were up, everyone began making
cables. There were hundreds of PL 259sto be installed on var-

ious types of coax cable. Our low-frequency antenna con-
struction had fallen behind schedule. Consequently, the
160 station didn't get on the air until several hours into the
contest. Station after station was falling together when, all of
a sudden, Murphy struck again!

What we thought was going to be a simple licensing proce-
dure for our operations became a total nightmare. Problems
with the local telecommunications agency necessitated going
allthe way to the Minister of Telecommunications. The Minis-
ter, a most gracious gentleman, expedited our paperwork at
anunbelievable pace. He assigned his assistant to take care
of our needs, and though we had gotten off to a slightly rocky
start with the local government, our P40 licenses came
through at the last possible minute.

After all the months of planning, hundreds
and hundreds of hours of work, and
monumental expense, the contest was on!

We spent Friday the 28th cautiously tuning up amplifiers
and radios. Amazingly enough, everything worked! The
antennas performed as well as (and in some cases, better)
than we expected. We keyed up transmitters at each location,
to check our power requirements and to see if the AC wiring
inthe residences would stand the load. We found no problems
with the AC power in either the HF or the LF house.

As Friday continued, everyone performed extensive equip-
ment checks and rechecks. | found myself running from pro-
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jectto project, taking care of problems with flip switches, head-
set wiring, digital voice keyers, and every other aspect of the
operation. Since this was a group of the world's finest opera-
tors, | was hardly about to question why each one of them
needed a different kind of headset. There were as many differ-
entheadsets, microphones, and keyer arrangements as there
were operators. Contest time was now just six hours away. |
was still frantically putting PL-259s on coax for short jumpers,
rechecking the tuning onamplifiers and interfacing headsets.

We began our final on-the-air testing late in the afternoon
of October 28th around 2200 Z. With one exception, all was
operating well. Our 160 antenna was still under construction,
WB8LRL was hard at work building an antennatuner to replace
one that accidently got left behind.

The contest

By now, blood pressure readings for the first shift of opera-
tors were far above safe levels. Everyone and everything was
ready to go. It was hard to believe the contest was finally begin-
ning. After all the months of planning, hundreds and
hundreds of hours of work, and monumental expense, the
contest was on!

Approximately two hours into the contest, the 160-meter
antenna problems were resolved, and the 160 station got on
the air. Dick, WAETO, and | continually monitored the heart-
beat of the system. Dick keptan eye on the Ehrhorn amplifiers,
and | watched all the ICOM equipment and peripheral
devices.

Dick and | crossed paths wheri the contest was about six
hours along. We discovered, to our excitement, that neither
of us was having any equipment problems. We were amazed
that everything was working, all the equipment was talking,
but not to each other! We attributed the success to good
equipment and excellent planning.

| finally closed my eyes around 3:00 a.m. Saturday morn-
ing, only to be awakened at 4:30 a.m. by Tom, N6BT, the
on-the-air coordinating officer. He told me that the 15-meter
station was down and nobody could figure out what was
wrong with it. Ron Rueter, NV6Z, met me atthe 15-meter posi-
tion. It took two and a half minutes of troubleshooting to deter-
mine that a coax line was open. We replaced it quickly with
aspareline, and 15 was back on the air. The total downtime
was about six minutes. This was the only failure of any tem dur-
ing the contest

By noon Sunday we hoped that the equipment would con-
tinue to operate without failure. Tom was passing out some
promising information. Scores were stacking up impressively:
they were even higher than we had expected. As each hour
passed, the chances of Murphy striking again were reduced
by several orders of magnitude. It was apparent that we were
closing in on a new world's record. We had had a small rain
shower and | nervously watched Bird watt meters for reflected
power. | was sure that many of the outside conneclions were
untaped — although we had tried to tape each of them.

I'd been so busy keeping an eye on all the equipment that
| hadn't noticed that the support crew had put champagne
onice. Thiswas a good indication they knew something that
| didn’t. | made a quick check with N6BT, our score was run-
ning well above what we expected.

Finally, it was over; it was hard to believe. We had run the
whole weekend without any equipment failure. There was
much nervous talk about the exact status of our final score and
our standing in the contest

By Tuesday many of the operators had returned home; they
had all been on tight vacation schedules. This left about five
of us to disassemble and pack. Before we got started, we got
word that ICOM was willing to sponsor the group for the CW
contest that was coming in several weeks. With that news in
mind, we took down the low-band station equipment and all
but two operating stations of the high-band station and put
them in storage.

Alltoo soonitwastimetoleave and head back home. Eight
months of planning and hundreds of hours of effort had paid
off. As | stepped onto the piane to leave P40 land, | realized
thatl had been part of a world-champion DX team — aclaim
very few operators can make!

The final score, after all was checked and duped, was
54,864,040 points. This should surpass the old world's record
by 12.906,796!

| realized that | had been part of a world-
champion DX team — a claim very few
operators can make!

A successful contest formula

Frequently, I'm asked what single element played the most
important part in the success of the DXpedition. The answer
iIs planning and teamwork. The effort could not have been suc-
cessful without extensive planning. Also, if all the members
of the team had not worked so well together, the venture would
have failed.

I'm also asked how much equipment | took to do the instal-
lation and maintain the station on the air during the contest.
| took my old faithful Bird watt meter with a full selection of ele-
ments, a setof hand tools, large and small soldering irons, a
logic analyzer and a multimeter. I'd advise future DXexpedi-
tion organizers to have operators submit itemized lists of the
equipment they bring, in addition to marking each item with
their name or callsign. Each of our operators was asked to
bring such things as coax relays, keyers, headphones, and
individual operating accessories. Consequently, we had quite
a problem making sure everyone got back what they brought
as we disassembled the station.

The attitude of our entire group during this DXpedition is
best summed up by the saying on the license plates on the
small, friendly island of Aruba. It says, “"One happy island.”
We maintained our sense of humor and optimism during the
long hours of planning, setup, and the contest itself. And the
results paid off.
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CQ WORLDWIDE SSB DX CONTEST

WINNING THE WORLD OVER!

Over 50 million points and
20,000 SSB contacts in 48
hours. That's what TEAM
[COM’s operation from Aruba/
PAQV achieved during the 1988
CQ DX Contest settmgra new
all-time world record. Their
incredible CW performance four
weeks later was an overwhelming
success... PAQV's combined
scores resulted in the highest
SSB/CW contest score ever
recorded!

Unbelievable? Not really. They
used ICOM HF transceivers, the
finest quality and most reliable
radios available today.
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noise reception and superior
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Bill Orr, W6SAI

THE GAMMA
MATCH: AN UPDATE

Whenthe 88 to 108-MHz FM broadcast
band was authorized shortly after World
Warll, aVHF transmitting antenna using
an off-center feed system was intro-
duced. Adapted for Amateur use, the
system was termed the “gamma match”
and was featured in QST, September
1949, The builder, H. Washburn,
W3MTE, remarked that the device
worked well, permitting him to achieve
an SWR value as low as 1.75:1. His
arrangement is shown in Figure 1.

Several other antenna experimenters
and | worked with the W3MTE gamma
match. We soon determined that to
tower the SWR appreciably below2:1a
variable capacitor had to be placed in
series with the gamma rod (see Figure
2).
Little information was available on
optimum rod-to-antenna spacing, rod
length, or rod diameter. It was strictly a
cut-and-try situation. Some Amateurs
had good luck with the device; others
couldn't get it to work. The gamma
match soon got the reputation as atricky
device that was hard to adjust. In time,
it became apparent thatthe gammarod
had to be small in diameter compared
with the driven element, and that the
spacing of the gamma rod to the ele-
ment had to be quite large compared
with rod diameter, in order to make the
system work properly.

Some attempts were made to analyze
the gamma match using transmission
line equations. Butitwasn'tuntil Harold
Tolles, W7ITB, analyzed the device! that
a computer program was derived that
would predict gamma dimensions
accurately for a particular antenna.2

The gamma match program
The gamma program, written in
BASIC by Richard Nelson, WBOIKN, is
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based upon W7ITB’s analysis and
designed for the Apple ll+. It can be
modified to work equally well with many
microcomputers.3

| put the program to use designing a
gamma match for a three-element, 10-
meter Yagi. | took beam dimensions
from my Beam Antenna Handbook.4

Design frequency was 285 MHz. |
planned to use a 1-inch diameter ele-
ment, a 1/4-inch diameter gammarod,
3-inch center-to-center spacing, and a
100-pF series capacitor (referto Figure
3). Feedpoint impedance was esti-
mated to be 18 ohms and | wanted to
match to a 50-ohmline. When | plugged
these values into the computer pro-
gram, itindicated a gamma rod fength
of 22 inches and aseries capacitance of
180 pF.

These results immediately rang an
alarm bell. Our experiments had indi-
cated that the series gamma capacitor
should be about sixtimes the operating
frequency in meters and the gammarod

FIGURE 1
Dimensions of the gamma match beam at W3MTE.
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Early Radio Handbook shows series gamma capacitor and approximate dimensions for

gamma match.

FIGURE 3
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W6SAI's 10-meter gamma match. Diameter d, = one inch, d, = 1/4 inch, Center-to-center

spacing = 3 inches.

should be about 0.04 wavelengthlong.
Forthe 10-meter band, thisworksoutto
acapacitor of 60 pF and arod length of
about 16 inches. To back up my
assumption, | found a commercially
produced 10-meter beam with substan-
tially the same dimensions as my
design, using a 19-inch gammarod and
a45-pF capacitor. Nottoo close, butalot
closer than the answer ground out by
the computer program!

Obviously, there was some factor |
hadn’t taken into account that
influenced gamma dimensions. There
was more to the gamma match than met
the eye!

Gamma match computation

I found the answer to the puzzle in a
shortremark (almostan afterthought) in
the text of the W71TB computer program
article.) Harold worked out gamma
dimensions for a sample antenna and
then mentioned that if the drive point
impedance of the antenna had capaci-
tive reactance, the value of the gamma
capacitor would decrease, as would the
length of the gamma rod. Armed with

this morsel of information, | read the
WBOIKN computer program again. At
the end of the article the author men-
tioned that a smaller gamma capacitor
may be used if radiator reactance is
made capacitive (negative) by reducing
its overall length.

Ahal Here was the missing clue. With
a given value of drive point resistance,
and a given gamma to driven element
spacing, what would happentotherod
length and series capacitance values
when different amounts of negative
reactance were introduced into the
driven element?

Varying the driven
element reactance

For a given frequency, an antenna
element may exhibit either positive or
negative reactance at its drive point
when the antenna is simply made
longer or shorter than the resonant
length. Shortening the element
produces negative reactance; that's
what | was interested in! 1 reran the
WBOIKN program, plugging in various
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1269 or 1296 base
SHF 2304 K for 2300-2450 MHz - MODE S
downlink package available ~ $185
SHF 3456 K for 3456 MHz $185
SHF-LO  LO kit only, with XTL, 540-580
MHz, +10- +14 dBm out $ 60

Down East Microwave
Box 2310, RR#1
Troy, ME 04987
(207) 948-3741

Bill Olson, WINHQT

SHEF Systems

Call or write for details on cornplete transverters and options
P.O. Box 666
Nashua, NH 03061

(603) 673-1573

John Molnar, WA3IETTY
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DOWN EAST MICROWAVE

el

MICROWAVE ANTENNAS AND EQUIPMENT
* Loop Yagis « Power Dividers ¢ Linear Amplifiers » Complete
Arrays » Microwave Transverters * GaAs FET Preamps

* TROPO * EME *Weak Signal + OSCAR * 902 » 1269 * 1296
© 2304 * 2400 *» 3456 MHz

2345LY 45el loop Yagi 1296 MHz 20dBI $99
1345LY 45el foop Yagl 2304 MHz 20dBI $80
3333LY 33el loop Yagi 902 MHz 18.5dB) $99

Above antannas assembled and tested. Kits available.
Add $8 UPS S/H, $11 West of the Mississippi
MICROWAVE LINEAR AMPLIFIERS SSB,
ATV, REPEATER, OSCAR

2316 PA 1win 18wout 1240-1300MHz  13.8V  $265
2335PA 10w in 35w out 12401300 MHz  13.8V  $315
3318PA 1w in 20w out 900-930MHz  13.8V 3265
3335PA 10w in 40w out 900-930MHz  13.8V  $320
23LNA preamp 0.7dB N.F. 1296 MHz $ 90
33LNA preamp 0.9dB N.F. 902 MHz $ 90

Add B5 shipping UPS/43
LMW 1200 & 2004 MHz transverter kite In 91ock
Wrtte for free cateiog

DOWN EAST MICROWAVE
Bill Olson, W3HQT
B8ox 2310, RR 1, Troy, ME 04987
(207) 948-3741

e
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MOVING?

Let circulation know
60 days in advance.
Ham Radio

Greenvilie, NH 03048-0498
603-878-1441
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values of negative reactance fromj=0to
j=—50 (see Figure 4).

The plot shows that the series capac-
itance value peaks at the element reso-
nant frequency (j=0) and decreases in
value either side of resonance. The
length of the gamma rod, however, fol-
lows a different curve. It exhibits the
shortest length when the antenna
exhibits negative reactance (—j15).

A practical gamma match system
(one that can be built cheaply and
adjusted easily) calls for the shortest
gamma rod and the least amount of
capacitance. It's nofuntohang fromthe
top of atower and try to adjustagamma
rod whose shorting barismtquite within
reach!

You can build asmall gamma capac-
itor inexpensively with a coaxial gamma
rodthathastheinner conductor serving
as one capacitance element as shown
in Figure 5.

In my case, a 22-inch adjustable
gamma rod would work over a range of
antenna reactance from j0 to —)50.
However, as the antenna element
approached resonance, the value of the
gamma capacitance rose sharply, and
the coaxial rod length didn’t provide
sufficient capacitance. Fromthe plot, it
was obvious that the designer of the
manufactured antenna had cut his
driven element shorter thanresonance
to provide a negative value
of reactance (about ~j30 ohms) in order
to have reasonable gamma dimen-
sions.

Gamma rod spacing

My next question was: what is the
effect on gamma dimensions when
element-to-rod spacing is varied? | used
the computer program for the 10-meter
beam element diameters; the results are
summarizedin Table 1. Rodlengthcom-
pared with spacing is given for four
values of antenna reactance: j=0(reso-
nance), j=-15,j=—30and j=-500hms.

Larger values of element-to-gamma
spacing require a shorter rod length, but
greater gammacapacitance. The short-
est rod length is achieved when the
driven element has a reactive value
between -j15 and -j30, with an
element-to-gamma spacing of 3 to 4
inches.

Gamma capacitance increases with
element-to-gamma spacing, and
decreases as the driven element
exhibits greater values of negative reac-
tance. Practical (small) values of capac-
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Graph for determining design lengths of the gamma match.

FIGURE 5
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Coaxial gamma-rod capacitor for 10-meter beam. Maximum capacitance is about 55 pF.

TABLE 1

Various gamma and series capacitance values for different length driven elements.
j Spacing Rod Length Capacitance
inches inches pF
lo] 1 39 83
2 25 145
3 23 180
4 22 212
-15 1 335 57
2 15 80
3 12 95
4 11 105
-i30 1 36 24
2 18 31
3 13 52
4 12 58
—-i50 1 36 22
2 22 31
3 20.5 32
4 17 35

length providing a negative reactance
of 30 to 50 ohms.

Element shortening
How much physical shortening is

itance are reached in the reactive region
between —;30 and ~|50.

Because shortening the driven ele-
ment has minimal effecton beam perfor-
mance, it wouid be helpful to choose a
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1C-781 Super Deluxe HF Rig
IC-7685 New, Loaded with Features
IC-735 Gen. Cvg Xcvr

IC-T51A Gen. Cvg. Xcvr

IC-725 New Ultra-Compact Xcvr
1C-575A 10miEm Xcvr

Receivers
|C-R7000 25-1300 + MHz Rcvr
IC-R71A 100 kHz-30 MHz Revr

VHF

IC-22BA/H New 25/45w Mobiles
IC-275A/H 50/100w All Mode Base
IC-2BA/H 25/45w, FM Mobiles
IC-2GAT, New Tw HT

IC-25A New Micro Sized HT

IC-900 Six Band Mobile

IC-901 New Remote Mount Mobile

UHF

IC-475AIH 25/75w All Modes
IC-4BA FM Mobile 25w

IC-4GAT, Naw 6w HT

IC-04AT FM HT

IC-32AT Dual Band Handheld
1C-3210 Dual Band Mobile
IC-2500A FM, 440/1.2 GHz Moblle
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TS-680S HF Plus 6m Xcvr
TL-922A HF Amp

Receivers

R-5000 100 kHz-30 MH2
R-2000 150 kHz-30 MHz

RZ-1 Compact Scanning Recv

VHF

TS-T11A All Mode Base 25w
TR-751A All Mode Mobile 25w
TM-231A Mobile 50w FM
TH-215A, 2m HT Has It All
TH-25AT 5w Pocket HT NEW
TM-T21A 2miT0cm, FM, Mobile
TM-6212m/220, FM, Mobile
TM-T01A 25w, 2m/440 Mobile
TH.75A 2m/T0cm HT

UHF
TS-B11A All Mode Base 25w
TR-B51A 25w SSBIFM

TM-431A Compact FM 35w Mobile
TH-45AT 5w Pocket HT NEW
TH-55 AT 1.2 GHz HT
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FT-411 New 2m "Loaded” HT
FT-212RH New 2m, 45w mobile
FT-200R All Mode Portable
FT-23RMT Mini HT

UHF
FT-712RH, 70cm, 35w mobile

VHF/UHF Full Duplex

FT-736R, New All Mode, 2m/T0cm
FEX-736-50 6m. 10w Module
FEX-736-220 220 MHz, 25w Module
FEX-736-1.21.2 GHz, 10w Module
FT-890R MKII, 6m, All Mode, port

Dual Bander
FT-4700RH, 2m/440 Mobile
FT-470 Compact 2m/70cm Mobile
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A ALINCD /2 ASTRON K& Kantronics MF) dconcepts MIRAGE/KILM +e systems

INSTANT CREDIT WITH ICOM PREFERRED

CUSTOMER CARD

FAX 213-390-4393

/1989 U.S. CALL DIRECTORY

(on microfiche)

Call Directory - by callsign SR .
Name Index - by last name - . 58
Geographic Index - by state/city $8

All three - $20
$3 shipping per order
BUCKMASTER PUBLISHING
Route 3, Box 56
Mineral, Virginia 23117
Qmmgmsn? visa/mc  800/282-5628 }
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LIMITED QUANTITIES

ICOM
IC-4TA
440 MHz, 25W, Mobile

ICOM

List $549.00

IC-12AT
12GHz FM, HT
NOW $279.95 SALE $339.95

LIST $473.95

KENWOOD
TM-621A CALL
TH-315A FOR
TM-321A SPECIAL
TM-3530A PRICE

SE HABLA ESPANOL
FREEU.P.S. CASH ORDER
(MOST ITEMS, MOST PLACES)

Class. 30-day money back warranty. Quantity discounts.

T
E

¥
It
O
ELIMINATES RF INTERFERENCE IN: TV sets,
Radios, HI-F1, ’'A systems, Telephones, VCRs, Test
equipment, Burglar and Fire alarms, Modems, Monitors,
Computers, Ra&iu and TV stations, elc.
EASY TO USE: fits over and snaps onto small, large and
ribbon cables. No need 1o rewire connectors. Unique,
split ferrite core design fits up to RGBU coax cables.
WORKS IN "COMMON MODE?", filters current in-
duced in the braid of shiclded cables and ground wires!
Special ferrite material effective 0.5 - 200 MHz
DOES NOT YOID EQUIPMENT WARRANTY
Awailuble from your dealer
£ |Package ol 4 chokos
ook dnsctfon:. with inst. instructions
computeradio $12.99
Box 282, Pinc Brook, NJ 07058 g
Tel: (201) 227-0Mm2 + $2.00 shipping
Send personul check witly order, we ship same day First
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213)390-8003

YAESU FT-311 RM
220 MHz FM Transceiver 25W/5W

List $439.95 NOW $249.95

3919 Sepulveda Blvd
Culver City, CA 90230

NO TUNERS!
NO RADIALS!
NO RESISTORS!
NO COMPROMISE!
FOUR EXCELLENT REVIEWS JUST
DON’'T HAPPEN BY CHANCE.
CALL US FOR A FREE CATALOGUE.

73. 1984 *Sept. 73
1986 *Dec. 88, CQ)

*See review in Oct
*March 73

1985

BILAL COMPANY
137 Manchester Dr.
Florissant, Colo. 80816
(719) 687-0650
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The length of the gamma rod with a shorter than resonant driven element (—j30) is nearly

independent of gamma rod diameter.

required to provide areactance of —30
to —50 chms? itdepends uponthe ratio
of element length to diameter. Such
ratios have been computed and meas-
ured,5 and asimplified plot for alength-
to-diameter ratio of 200 is shown in Fig-
ure 6. This corresponds to a 1-inch
diameter element at 28.5 MHz. To
achieve a reactance value of —)30, you
must shorten the driven element about
7 inches (tip to tip). For a reactance of
-i50, you'll need a shortening of 11.5
inches.
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Drive point impedance and
element length

What happenstothe 18-ohmfigure if
the driven element has a drive point
value of 18 ohms at resonance and is
shortened to provide a negative reac-
tance? It decreasesin value. Thereduc-
tiondepends uponthe amount of short-
ening and the element diameter, as
discussed previously. Assuming thatthe
new resistance value is 15 ohms at a
reactance value of —j50, acomputer run

shows that gammarod length increases
by an inch, and that the series capaci-
tance decreases by 3 pF fromthe values
determined for a feedpoint value of 18
ohms. This indicates that the actual
feedpoaint resistance isn't critical, and
that the feedpoint values given in the
literature for multi-element Yagi beams
hold well for use in the gamma com-
puter program.

Gamma rod diameter

The computer program provides
interesting information about gamma
rod diameters (see Figures 7 and 8).
The curves show the importance of hav-
ing a shorter than resonant driven ele-
ment. With the —j30 element length,
gammarod lengthchangesiessthan?2
inches asthe rod diameter is varied from
0.0510 05 inches. The gamma capaci-
tor, given the same rod diameters, varies
from 36 to 65 pF. When the driven ele-
ment is resonant, the values of rod
length and series capacitance vary
largely. This gives further proof that
adjustment of driven element length is
of paramountimportance in making the
gamma match work.

Frequency scaling

If all the dimensions of a 28.5-MHz
beam and gamma match system are
doubled, the computed results will be
identical athalfthe frequency — or 14.25
MHz. This scaling isn't practical for my
10-meter beam; it would result in a 20-
meter driven element diameter of 2
inches. | prefer adiameter of about 1.25
inches, all else being equal. | would
probably also build a tapered element.
The gamma match computer program
doesn'tconsider this element, butthere
are programs that compute an equiva-
lent element length for a tapered ele-
ment.8 Thisequivalentelement canthen
be used with the gamma program once
itslengthisreadjusted to provide areac-
tive termination. Someday the Yagi com-
puter program will be modified for fre-
quency scaling. It will also
accommodate the gamma match, as
well as other matching systems requir-
ing adjustment of the driven element
length.

Is there pattern distortion
with the gamma match?

The gamma match feeds only half the
driven element. What happens to vol-
tages and currents in the other half?
Does the unbalanced feed system
upset the beam pattern? Tests run by



Others May Try to Imitate, But...

Only One Can Be The Best

Advanced Electronic Applications, Inc

THRESHOLD M 4—————»S5

MULT

PAKRATT 232

ERROR IDLE PHASE STBY STBY MODEL FEC ASCHl BAUDOT

SEND CONV

RQ TFC  OVER

CON  CMD
STATUS

TRANS AROQ CHECK PKT

MODE

RADIO 1

MOHRSE

Morse Code - Baudot - ASCII - AMTOR - Packet - Facsimile - Navtex

It’s a lesson you learn very early in life. Many can be good, some may be better, but only one can be
the best. The PK-232 is the best multi-mode data controller you can buy.

1 Versatility

The PK-232 should be listed in
the amateur radio dictionary under
the word Versatile. One data con-
troller that can receive seven digital
modes, and can be used with almost
every computer or data terminal,
You can even monitor Naviex, the
new marine weather and navigation-
al system. Don’t forget two radio
ports for both VHF and HF, and a no
compromise VHF/HF/CW internal
modem with an eight pole bandpass
filter followed by a limiter dis-
criminator with automatic threshold
control.

The internal decoding program
(SIAM™ feature can even identify
different types of signals for you, in-
cluding some simple types of RTTY
encryption. The only software your
computer needs is a terminal pro-
gram.

PC Pakratt Packet TX/RX Display

men¥
Facsimile Screen Display

2 Software Support

While you can use most modem
or communications programs with
the PK-232, AEA has two very spe-
cial packages available exclusively
for the PK-232...PC Pakratt with
Fax for IBM PC and compatible
computers, and Com Pakratt with
Fax for the Commodore 64 and 128.

Each package includes a terminal
program with split screen display,
QSO buffer, disk storage of received
data, and printer operation, and a
second program for transmis-

sion/reception and screen display of

facsimile  signals. The IBM
programs are on 5 1/4" disk and the
Commodore programs are plug-in
ROM cartridges.

3 Proven Winner

No matter what computer or ter-
minal you plan to use, the PK-232 is
the best choice for a multi-mode
data controller. Over 20,000
amateurs around the world have on-
air tested the PK-232 for you. They,
along with most major U.S. amateur
magazines, have reviewed the PK-
232 and found it to be a good value
and excellent addition to the ham
station.

No other multi-mode controller
offers the features and performance
of the PK-232. Don’t be fooled by
imitations. Ask vour friends. or call
the local amateur radio store. We're
confident the PK-232 reputation will
convince you that it’s time to order
your very own PK-232,

Call an authorized AEA dealer
today. You deserve the best you can
buy, you deserve the PK- 232.

Advanced Electronic

Applications, Inc.
P.O. Box C-2160
Lynnwood, WA 98036
206-775-7373

AEA Retail $415.95
Amateur Net $349.95
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CALL FOR ORDERS

1 (800) 231-3057

1 (713) 520-7300 OR 1 (713) 520-0550
TEXAS ORDERS CALL COLLECT

FAX 1 (713) 771-7759

ALL ITEMS ARE GUARANTEED OR
SALES PRICE REFUNDED

New lcom IC 781 Trades wanted
Kenwood TH2 154, TH25AT Trache i your old HT
15440 S/IAT Call

Kenwood 15 1405 Call ton trade
New Kenwood TM 7214 motile Canl
WCOM 228HITTM 449 (X
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CSI Private Patch V 189 00
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V 2 mier on glass 49 95
2M 58 Mag Mounl Comp 2500
wordon Windom WAZ 44 00
3, O ock Lall
Thisusands of pana misters 195 up CALL
Belden 9913 B267, B214 Stock Call
MICA Capacitons Cali
Arsta SWH Brdge 330 M 1995
B3 15P-PL259 Sdverplate (Amphenaol) 1 50
B2-61 N Male el 3 50
B2 2021006 N Male (9913) 1 50
Double Female LIMF 100
LIG176 RGBX each 40
Surphus Elbow PL259 502349 each $1
Recewing lubes 50-90% ot list prce Call
Santec Boom Mika/Headsel (s 1ICOM) 2000

STUPH

$1510 530 each

RF Amp Meters

a o
5 (K
new mil surplus) 500

Ketnwood 5000

849 00
USED EQUIPMENT
All equipment. used, clean. with 90 day wantanty and 30
fay nal S moniths full rade agams! new equipmant Sale
prce refunded i not satished
(BOO) 231 3057
POLICIES

wy wartanty plus Madson warranty

Bird and Belden products in stock. Call today.

MADISON

Electronics Supply

“ea

3621 FANNIN
HOUSTON, TEXAS 77004
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Gamma capacitance is nearly independent of gamma length when shorter than resonant

driven element (-j30) is used.

Katashi Nose, KH6IJ, show that voltage
atthe driven element tips of a 20-meter
Yagiisn't equal when a gamma match is
used.” Even so, the azimuth pattern
seemed balanced. Nose concluded
that the voltage imbalance wasn'timpor-
tant.

Later tests run by Bob Sutherland,
W6PO, a VHF “moonbounce” enthusi-
ast, on a large array of 220-MHz
gamma-fed Yagis showed that the
array's pattern was normal with no
noticeable “squint” or distortion that
could be attributed to the gamma
malches.

Gamma match summary

The gamma maltch provides a
mechanically simple and easily
adjusted network for matching a Yagito
acoaxialtransmission line, provided the
driven element of the array is somewhat
shorter than the resonant length. This
point has often been overlooked or not
emphasized in the literature, leading to
puzzling results.

For the best mechanical arrange-
ment, make the capacitor part of the
gamma rod, as shown in Figure 5. As
they say in the world of computers, the
gamma match is “user friendly.” Infor-
mation provided in this article, along
with the gamma computer program,
should make life easier for those con-
templating using this interesting match
system.

Electric stove RFI!
(What next?)

My friend Wyn Wagener, WEVQD,
called me the other evening to give me
the latest news on the continuing RFI
battle. He was concerned about the new
electric ranges.

Old-style electric stoves have a multi-
ple circuit heating element. The circuits
are selected by a rotary switch that culs
the heating coilsimand out, depending
upon the cooking heat required. The
newer electric ranges have dispensed
with this common sense idea in favor of
modern gimmicks and the results are
questionable, to say the least.

The new brand of electric range has
only one collin the heating element and
the circuit is cycled on and off by a con-
tinuously variable heat control, instead
of a multicontact switch. The control
mechanism consists of a small rheostat
inseries with a low wattage heating ele-
ment and bimetallic strip heat sensor. As
you advance the control, the heater
warms up and the strip cycles onand off.
The strip controls the main heating ele-
ment which, in turn, cycles on and off.
Wyn discovered that some ovens
created copious RFI during the cycling
process, which can run in a sequence
of 3 to 20-second on/off bursts.

Before he bought a new range for his
home, Wyn took a portable receiver to
the appliance store and monitored
several ovens. Although there seem to



MASTER PACKET RADIO: the hands on guide

by Dave Ingraham, K4TWJ
Appeals to all levels of packet radio enthusiasts from nowvices to
experts ahke. Full of illustrations and written in a simple, gasy-1o-
understand style. Topics covered include: a basic primer, home com-
puters and data communications lerminals, a survey of equipment
available, how 10 581 up a station phus much more. 208 pages © 11988
151 edition

122567 Softhound §12.95

YOUR GATEWAY TO PACKET RADIO
by Stan Horzepa, WA1LOU
Beg s will find the complete easy-to explanations
eliminate many of the frustrating aspects of packet operation Full
of heipful hints and tips that come from thousands of hours of
on-the-air experience. 208 pages = 1987

AR-PKT Softbound $9.95

THE PACKET RADIO HANDBOOK

by Jonathan Mayo, KR3T

Providing you first with packet basics, this book progresses through
the inner workings and operational aspects of packet to a look at future
technalogy stillin devek Istages. Alsoincludes: using bulle-
tin beards, traffic g on packet, modul hods and et
working principles, protocols (both AX 25 and VADCG) and a thor-
ough discussion of the various TNCs and accessories available
1987 1st Edition 218 pages

T-2722 Softbound $14.95
ARRL COMPUTER NETWORKING
CONFERENCES 1-4

Pioneer Papers on Packel Radio 1981-1985

Written during the formulative years of Packe! development,
these papers (loo numerous o mention them all) cover: theory,
practcal applications, protocols, software and hardware sub-
jects. You also get a complete up-to-date collection of all pub-
lished *'Gateway ", the ARRL Packe! Radio newsletter, As big as
the ARRL HANDBOOK (<) 1985 over 1000 pages

IAR-CNC Softbound $17.95
Sth COMPUTER NETWORKING
CONFERENCE PAPERS 1986

|AR-CNC5 Softbound $9.95
6th ARRL COMPUTER NETWORKING
CONFERENCE <1987
August 1987

IAR-CNC6 Sottbound $9.95

7th ARRL COMPUTER NETWORKING
CONFERENCE <1988
IAR-CNCT Softbound $11.95

INTRODUCTION TO PACKET RADIO
by Phil Anderson, WaXI|
This book contains a broad overview of packet radio for the begin-
ner. Simple technical discussions are designed to inform, not scare
the beginner. =) 1988. 58 pages. 1st Edition

IKT-IPR Softbound $2.95

PACKET COMMAND
by Buck Rogers, K4ABT
This book is a basic look at packet radio from the inside out. Similar
commands are grouped logether with simple easy-to-understand
explanations. ©) 1988 58 pages. 1st Edition

IKT-PC Softbound $2.95

ADVANCED PACKET
by Buck Rogers, K4ABT
This book looks at the more advanced side of packet operation
Includes 2400 baud data transfer, FAX and WEFAX, packel clus-
ter information and more. 11988, 58 pages. 1st Edition
KT-AP Softbound $2.95
DIGITAL COMMUNICATIONS
WITH AMATEUR RADIO
special AEA edition by Jim Grubbs, K9EI
Starts with a basic review of digital communications and techniques
and includes a complete description of what packet radio is all about
TNCs, operating modes, networking are all fully covered in easy-1o-
undestand terminology. Also covered are accessories, innovations
and interesting organizations you can join. <1988, 15t Edition, 160
pages
IAEA-PKT Softbound $9.95

Please enclose $3.75 shipping and handling.

HAM RADIO’S
BOOKSTORE

Greenville, NH
03048 (603) 878-1441

— PACKET |

Link up with OSCAR

The new OSCAR system is modular so you can pick and choose the
antenna you want. Each comes complete with the necessary phasing
lines, relays and hardware:

435 ANTENNA e 145.9 ANTENNA

Of course, your best choice is the complete system, matched and
balanced for superior performance.

@ The flexible design with switchable up/down link antennas is
suitable for worldwide application. Includes left and right
circularity switching to reduce fading (less than 3 dB ellipticity).

@ High efficiency “T" matched driven element.

@ True RF switching relays are rated at 200 watts and improve the
VSWR for higher efficiency.

@ Weather-protected, encapsulated feed points for long life. The
2 meter antenna has a S0—239 connector. The 70 cm antenna
has a Type N connector.

@ The heavy-walled fiberglass cross boom maintains the integrity
of the circularity pattern and eliminates the interaction problems
so common with metal booms. :

@ MIL-spec coax balun with Teflon dielectric and outer covering.
A silver plated braid shield and center conductor assure
minimum attenuation and long life.

@ The 70 cm antenna is based on 4.2 wave length NBS design
(NBS Tech Note 688).

@® The 2 meter antenna has logarithmic element spacing for high
attenuation of side lobes.

@ For years of maintenance-free operation, the elements come with
stainless steel positive locking rings and UV stabilized insulators.

@ The mechanically well balanced antennas require only a small
turning radius and exert minimal stress on the elevation rotator.

Hy-Gain, with the quality you've come to rely on, is now ready to
“LINK UP WITH OSCAR". Complete data available at your amateur
radio dealer or write Amateur Radio Department, Telex/Hy-Gain,
9600 Aldrich Avenue South, Minneapolis, MN 55420.

Or call us toll-free at

1-800-328-3771

(In Minnesota call 612-887-5528)

TELEX hygain

TELEX COMMUNICATIONS, INC.

J
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ICOM

CM2, PB2 7.2v @ 500MAH
CM5, PB510.8v @ 500MAH
SUPER 7S & 8S

13.2v @ 1100MAH

AUGUST
SPECIAL!

Kenwood PB-1 and
KNB-4 Replacement
CENCHERN-)
additional 10% OFF
orders received in the
month of August.

\:AESUJ’MAXON
FNB-10  7.2v @ 600MAH
- FNB-12 12v @ 500MAH
FNB-10(5) 7.2v @ 1000MAH
* same size case as FNB-12

CUSTOM MADE BATTERY
PACKS & INSERTS

Made to your specifications.
Introductory Offer!
KENWOOD INSERTS

PB-21 -§13.75, PB-25 - $20.00,
PB-26 - $20.00

ICOM INSERTS :
BP-5 - $23 00, BP-3 - $18.95,
BP-7, BP-8

9.6v @ 1200MAH
(base charge only - 1" longer)
Introductory Offer!
SUPER 7S & 8S - $64.95 each

Look for next month's

Introductory Otfer!
SEPTEMBER Special!

P4W 11v @ 500MAH - $22 63
FNB-2 11v @ 500MAH - $22.63

MADE IN
THE USA

Send for free
catalog &
price list!

MasterCard and Visa
cards accepted. NYS
residents add BYa%
sales tax. Add $3.50
for postage and
handling.

TIME r w
5-1000 MHz PREAMPLIFIERS
and NF G P(1dB) $ BLACK DACRON® POLYESTER
WLA20M® 2dB 15dB OdBm 73 ANTENNA ROPE
MONEY | |waom 3 13 8 s7
-th WwLA22M 4 11 12 61 « UV-PROTECTED
Wi WLA23M 4 22 12 87 « HIGH ABRASION RESISTANCE
THE e 2 . o he « REQUIRES NO EXPENSIVE POTTING HEADS
i B HAZER . « EASY TO CUT WITH OUR HOT KNIFE
4 e SIZES: 3/32" 3/16" 5/16"
Bring things down for LENGE THROUGHOUT USA.

safety and convenience.

Never climb your tower again with this elevator system. An-
tennas and rotator mount on HAZER, compiete system trams
tower in vertical upright position. Safety lock system op-
wrates while ralsing or lowering. Never can lall

Compilete kit includes winch, 100 fi. of cable, hardware and
instructions. For Rohn 20 and 25 G Towers.

LET US INTRODUCE OUR DACRON*
ROPE TO YOU = SEND YOUR NAME AND
ADDRESS AND WE'LL SEND YOU FREE
SAMPLES OF EACH SIZE AND COMPLETE
ORDERING INFORMATION.

Dealer Inquiries Invited

WILAM TECHNOLOGY, Div. of

Hazer 2-Heavy duty alum. 12 aq. 1t. load $311.95 ppd.

Hazer 3-Standard alum. Bsg 1 load $223.95 ppd. [ERR—

Hazer &-Heavy galv. stoel 16 5q. 1t load $291.95 ppd. wI-COMM ELECTHONchs INC. syniheiic amﬁn&ﬁmmﬁnmm
NEW for ROHN 45 and 55 Towers P.O. Box 5174, MASSENA, N.Y. 13662 textiles,inc. (80s) 656 7903 93003

Hazer B-Heavy duty galv, steal 16 sq. 1. load CALL (315) 769-8334 errh® iy a. wlpi s i g T e

Ball Thrust Bearing TB-25 for any of above  $69.50 ppd.

Send for tres detalls of aluminum towers specifically » 152

for use with the Hazer, Two sizes: M-13 (13 wide) » 154

ai treight shippable. Pre-assembled or kit form.
Satislaction guaranieed. Call today and charge lo Visa,
MasterCard or mall check or money order.

GLEN MARTIN ENGINEERING INC.

Rte 3, Box 322

Tell ‘'em you saw it in HAM RADIO!

Boonville, MO 65233
(816)882-2734 FAXB16-882.7200
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be many makes, it seemed to Wyn that
there were only two manufacturers of the
devices, regardless of the name tag —
General Electric and Frigidaire. Exten-
sive monitoring showed the General
Electric manufactured rangesto berela-
tively free of RFI, but the Frigidaire
ranges completely wiped out the short-
wave spectrum during operation!

The RFI battle is an uphill fight and it
gels very discouraging. My radar range
wiped out all HF reception, jammed the
TV receiver, and made the kitchen radio
unusable. A call to the manufacturer
brought the news that | could buy aline
filter for the range at a modest price. |
asked the sales representative why they
didn'tinstall the filter on the oven before
it was sold. He told me that it was
installed on all export models, because
most overseas countries demanded it.
However, since there was no compara-
ble law in the United States, they didn't
feel it was their duty to protect the local
customer in this regard! Alas. Perhaps
it's time for the FCC to take a more active
role in RFI regulation, a role they have
been noticeably successful inavoiding
to date.

The ‘““Dead Band’’ quiz

| want to thank those of you who took
the time to write me about these little
brain teasers. | really appreciate your
letters and comments. | want to
acknowledge the following who
provided correct answers to pasl
quizzes.

Submitting correct answers in the
"black box five-terminal network™ quiz
are: Albert Weller, Jr, WD8KBW; Mar-
tin Woll, N6VI; Tim Bratton, KSRA; Les
Hannibal; Lawrence Roy, KA1ADF;
Arthur Erdman, W8BVNX; Mike Czu-
hajewski, WABMCQ; Harold Muenster-
man, NODEQ; and Clayton Dunnihoo,
KSESV.

There are several configurations that
satisfy the problem, the simplest being

five 0.5-ohm resistors arranged in a
five-pointed star with a common center.

Those who found the solution to the
“resistors in a jar" quiz were: Martin
Woll, N6VI; Tim Bratton, KSRA; Harold
Muensterman, N9DEO; and Clayton
Dunnihoo, KSESV. (The minimum resis-
tor count is 419))

A new ‘‘Dead Band’’ quiz

If we have many more of the com-
plete HF blackouts experienced last
spring, you should have plenty of time
to solve this puzzle, submitted by Andy
Loomis, KEQUL.

"A snowplow begins to clear a road-
way at noon on a day during a steady
snowfall. The plow moves two miles
during the first hour and one mile dur-
ing the second. What time did the
snow begin to fall?"

Andy says, "This is not a trick ques-
tion, nor is it a problem with a quick
but not obvious solution. The fascina-
tion of the problem lies in the appar-
ent lack of enough information given
in the question itself.”

Good luck! I'll send the reader who
produces the first complete, correct
answer to this quiz an autographed
copy of the Beam Antenna Handbook.
Send your answers to me at Box 7508,
Menlo Park, California 94025. The
decision of the judges is final.

Mote The computer-produced curves shown in this aricle are
n close agreement with garher curves run with an RF brdge
by John True. WA0Q, as shown in "How to Design Shunt-fed
Systems lor Grounded Vertical Radators.” Ham Radw, May
1975, page 34

REFERENCES

1 Harold F Tolles, WTITB, “How to Design Gamma Matching
Networks” Ham Radio, May 1973, page 46

2 Richard A Nelson, WBRIKN, “Basc Gamma Matching,” Ham
Radio, January 1985 page 29

3 Fred Sontag, NBCAQ, "Gamma Matching Programs for the
C-64/128" Ham Racio, Mary 1987, page 87

4 Wilham Orr, WBSAI and Stuan Cowan, W2LX, Beam Antenna

Handbook . Radio Publications, Inc (Avalable from the HAM
RADIO Bookstore for $1195 plus $3 75 shipping and handling )
5 Herry Jask, "Cylindncal Dipoles” Antenna Engineenng
Handbook, Fus! Ecition, 1961, McGraw Hill Book Company,
New York

6 James L Lawson, W2PV, Yagr Antenna Design, Chapter 7
Amercan Rado Relay League Newington, Connechout

7 Katash Nose, KHBL), ‘Noles on Parasic Beams" QST March

1960, page 43

e——
VISA
—m

ICOM

X VHF

COMMUNICATIONS

9:00 am - 5:30 pm
weekdays
Weekends and evenings
by appointment.
ICOM, AEA, LARSEN, VAN GORDEN,
VIBROPLEX, NYEVIKING, FALCON

COMM, LEADING EDGE, ARAL PUBLI
CATIONS, KAGLO, HAMTRONICS, ETC

280 Tiffany Avenue
Jamestown, New York 14701

Wastoan Newwe Youks finaal amilis radis deaders !

PH. (715)664 6345
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DELTA LOOP
ANTENNAS

DL-TRI *Big Horn"

* “"Open and Close the Band" with our Delta
design, full wave DX performance mono-
band, duoband and triband antennas

* High Quality construction using 6061-T6
Aluminum and Stainless Steel hardware

* Heavy duty design * "Quiet” DX reception

* Excellent Gain, FB Ratio and SWR

= 50 ohm gamma feed * 2 kw power

* DL 202: 2 el. 20 meter, 9' boom $397
DL 152: 2 el. 15 meter, 6 ' boom $329.

DL 103: 3 el. 10 meter, 9' boom $397
DL 102: 2 el. 10 meter, 5' boom $297.

* DL 1015: 4 el. duobander $489.
2el. 10m.-2 el. 15m. 7 * boom

* DL-TRI: 7 el. tribander $897
3el. 10m.-2el. 15m.-2 el. 20m.

13.5' boom-wt. 81#-12.7 5q. ft

* See our Product Review in June 1988

CQ Magazine by Lew McCoy, W1ICP

DELTA LOOP ANTENNAS, INC.
12 BRUSH DR., P.O. BOX 8063
NEW FAIRFIELD, CT 06812
(203) 746-6368

Factory-less,
jumper-less,
ROM:-less programming.

With the new S-COM 5K Repeater
Controller, you'll be able to configure
your repeater remotely —using DTMF
commands. Only the 5K offers this
capability for just $195, wired and tested.

S-COM Industries
§-com;

Loveland, CO 80539
(303) 663-6000
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Automatic Packet
Beacon Tracker and
Monitor

How often have you set your rig up on
20 or 10 meters to wait for the station
you have traffic for, only to find the
band isn't open to that area? You sit
through countless hours of frustrating
QRM, monitoring stations you’re not
interested in. PACTRACK.ASP, a script
file | wrote for the Procomm Plus© ter-
minal program (MS-DOS environ-
ment),” can help you overcome this
trouble.

Written initially to monitor propaga-
tion conditions on the 10-meter band,
PACTRACK.ASP will turn Procomm
Plus into a powerful packet terminal
program for the Kantronics KAM
TNC™. It is easily modified for any of
the other popular packet terminal units.
To modify the script file for earlier ver-
sions of Procomm, change the car-
riage return character (AM) to an
exclamation point (). The program is
written in the ASPECT script language,
supported by Procomm.

Program features

Once you've loaded Procomm Plus,
activate PACTRACK.ASP by entering
ALT F5. The program will ask you for
the name of the script file. (The .ASP
extension isn't required.) A title screen
appears, listing the stations the pro-
gram has been moditied to monitor.
You'll be asked to turn on your printer.
Disable this feature if you don't want to
print the beacon stations heard. PAC-
TRACK will now perform the following
functions for you:

e Monitor for beacon or ID packets
from the stations you have included
in the program.

¢ Print out the time and date of recep-
tion when a station has been
received, and give an indication that
your UNPROTO CQ path has been
changed to transmit through the sta-
tion. (See Figure 1.)

¢ Turn on the beacon at the interval
you have selected, if you have

*Procomm Plus is a regrstered trademark of Datastorm Tech-
nologies, Inc, PO. Box 1471 Columbia, Missouri 65205.
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FIGURE 1

wA

DAYTIME 01/28/89 13:51:37

cad:WJ5V:VE2BOF /R VE260F-2/6 VE260F-1/B VE26OF-7/N
#d: $33BUNPROTO 1S NOW LB ¥ VE2BOF-78XI3TURN BEACON ON

VE2GOF<{{ TARGET STATION FOR BEACON s138s3s

$51003CAUTION, . . BEACON IS NOW ONBBS3I8Y

L1

DAYTINE 01/20/89 14:00:28

cud:WB4HFO: ID: NEBAHFO WBAHFO-2/0 WDAHFO-1/B WBAHFO-7/N
2d: $3RUNPROTO 15 NOW CO v WBAHFO-TEHRSTURN BEACON ON

WBANFD...GTH KY(C(( TARBGET STATION FOR BEACON saattis
$88413CAUTION. . .BEACON [S NOW ONS334888

LA

DAYTINE 01/28/B9 14:10:15

cad:COUNTY, LI, NY
SEC8S3THE BEACON RECELIVED IS NOT LISTEDISSSNY

Examples of printout using PACTRACK.ASP.

FIGURE 2

Alt-0
Alt-1 AN

Alt-2 AN

AlE-3 °C

Alt-4 CONV"M

AlE-5 DPND™M

Alt-6 CHS ON°M

Alt-7 CNS OFF"N

Alt-B GATE ON“N DIGI ON“M HID ONN
Alt-9 GATE OFF~N DIGI OFF*N HID OFF*N

1D°M

Procomm Plus keyboard macro screen with
settings for packet radio.
included the beacon option in the
program.

» Print out the time, date, and call of
the station with a notice that the sta-
tion received was not listed, if you
receive a beacon or ID packet from
a station other than those included
in the program.

¢ Allow modification of the program to
send a connect request to a specific

station once it has been received,
rather than automatically change
your UNPROTO path.

Other Procomm features

Included in the Procomm Plus pro-
gram is a keyboard macro screen
which lets you set up the ALT 0-9 keys
for your particular application. My keys
are set up as shown in Figure 2. My
keyboard macro, called KAM KEY, is
loaded automatically when the PAC-
TRACK script file is called up.

Procomm also includes a ‘chat”
mode. This is a split screen mode; the
top three-quarters of the screen dis-
plays the received text, and the bottom
quarter displays your transmitted text
as entered from the keyboard. Enter-
ing ALT O activates the split screen
option. | usually do this when | am
communicating. You must activate full-
duplex mode to use the split screen.
You can accomplish this easily by
entering ALT E; PACTRACK.ASP is
loaded initially in the half-duplex mode
and must be in half duplex to operate
correctly. When you're finished with
split screen mode, simply enter ESC to
return to terminal mode and enter ALT
E to return to half-duplex mode.

I'm locking forward to hearing from
you experienced programmers
regarding enhancements to PAC-
TRACK. I'm not a programmer and this
was my first attempt. However, the pro-
gram runs very well and does what it
was designed to do. For those who
would prefer to send comments via
packet radio, send them to WAGBB at
WA40ONG in Richmond, Virginia.

If you don’t want to type in the pro-
gram, I'll send you the PAC-
TRACK.ASP program and the key-
board macro file for $10. The Procomm
Plus package is available from most
local BBSs™ If you want to have the
PACTRACK.ASP program customized
for your particular application, include
the following information:

e Call, QTH of the station(s) to be
monitored

*Procomm is a user-supported product. It is not pubhc domain.
and 1s nat free software. To become a registered user, send §25
for registration only, $35 for registration plus the latest version
on disk, or $50 for registration plus the latest version and a
printed, bound manual to the address listed. Procomm sup-
port BBS: (314)449-8401 24 hours a day, seven days a week.
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1 FREE CATALOG!

Features Hard-to-Find Tools
and Test Equipment

Jensen's new catalog features hard-to-
find precision tools, tool kits, tool cases
and test equipment used by ham radio
operators, hobbyists, scientists, en-
gineers, laboratories and government
agencies. Call or write for your free copy
today.

JENSEN i ?:lnf: :ifa!h Streel
Phoenix, AZ 85044

TOOLS INC. (602) 968-6231
- O S BN B B .

Recelve Range N.F Galn Comp. Device
» 157 Only (MHz) (dB) (dB) (dBm) Type Price
mve B @ 8 E @
" <1. 1 FET 20,
SYNTHESIZED P50VDG 50-54 <05 24 +12 GaASFET $79.95
SIGNAL GENERATOR P144VD 144-148 <15 15 0 DGFET $29.95
P144VDA 144-148 <1.0 15 0 DGFET $37.95
= . P144VDG 144-148 <05 24 +12 GaAsFET $79.95
MODEL P220VD 220225 <18 15 0 DGFET $29.95
SG-100F P220VDA 220-225 <12 15 [i] DGFET $37.05
MADE IN $429.95 P220VDG 220-225 <05 20 +12 GaAsFET $79.95
USA tallvarsd P432VD 420-450 <18 15 -20 Bipolar $32.95
P432VDA 420-450 <11 17 -20 Bipolar $40.95
) P432VDG 420450 <05 16 +12 GaAsFET $79.95
e Covers 100 MHz to 199.999 MHz in saline 4 mwliobed)
1 kHz steps with thumbwheel dial Pl e - 5 SGEEL P~
Accuracy +/— 1 part per 10 million at all 2%536 gga <1.;5 ;3 0 GDiFFEg $59.95
frequencies  Internal FM adjustable from SeiavD 14a 148 Sy = s :D:gEETT i
144VDA 144-14) 11 15 1] ET $67.95
0to 100 kHz at a 1 kHz rate » External FM SN, e 9 B LIS S
input accepts tones or voice ® Spurs and s:ngA 220-225 <1.9 15 g DGFET $59.95
noise at least 60 dB below carrier » Out- g:ng.zg;gg %EEE ﬁéjgé ;(:; " GE?\E!FE;T ,fg;%
i o 4, I 1 - $62.
put adjustable from 5-500 qu at 50 Ohms -y e, =8 1 . gy g
e (Operates on 12 Vdc @ 2 Amp » SP432VDG 420450 <055 16 +12 GaAsFET $109.95
Available for immediate delivery = $429.95
delivered » Add-on accessories available mﬂ,u : Is “".- I on uuAIRRI. o -t ‘u: kard r:wmmps?ﬁ?mm:'mﬁnmsawm
infin = ar. on Y r.tl\'l rs are for receive a ca s on nline pream, ars are awiic or use
to extend freq range, add infinite resolu with Fe) and handle 25 watts transmitier power. Mount nline pre amplifiers b
tion, AM, and a precision 120 dB attenuator and power ampiiflor for high power applications. Other amatour, m merci R ﬂ; tlors s '
« Call or write.for details * Phone in your Ad d U'S and C “'"9' 595 Iohach 35 e e ";2 iy
i nlu tax. C.0.D. nrd-n add $2. Alr mall to lml coun-
order for fast COD shipment. VQO.CG e 804 0% Ordar your ARR R ony g,:',?“n_!
VANGUARD LABS ﬂ@celver preamplifier today and start hearing like never belore
196-23 Jamaica Ave., Hollis, NY 11423 Rescarch
Phone: (718) 468-2720 Mon. thru Thu. E m
Box 1242 « Burlington, CT 06013 * 203 582-9409 Lx.

» 158
» 156

2 METER AMPLIFIERS « ATV CONVERTERS

Want to se“ e EVIRNLO O RAST, 3CAN Tth:.':n::':l::: Motorola Bulleting ,/Q
Ham Rad'o ::;:L« n..:n-m Wall HF Amgiifiers pev / F
in your store?

AN-T50, AN-T82 EB-21A. 18- 61 EROADBANE

(‘\PDIQN RF_CHOKES
015 uh 022 wh 01 ub
A7 uh, 100 uk 1

MIXERS

. SHL-1 DBL Bl e e s
Call Sue: SBL-1% DBL Bal Mum 1w Wa Aha Stoch Hord-To-Find Pat

Mot gy o, o con o

i " T Ll

603'873'1441 ATV-1 420450 MHs GaAs-Fet $aoos ku  CBRQKEUBE BEVCE . METALCLAD MICA CAPACITORS

ATV -4 918 MM ' VK300-20/48 RF Chete aor SEMICONDUCTORS

Vo4 NOT-9T8 M2 Gake-Fet S995 Kit g5 00 65 1B Ferrite Bead $ 20 repte S o
POWER SPLITTER/COMBINER "
Awailable in Kt s Assembled Tested R R W T Faai oe 4 ot ) For detaded lacmation, puste

Add § 200 Foe Shipping snd Handling

e m mmMmunication
I W oncepts Inc. m 150

121 Brown Street * Dayton,Ohio 45402 * [513) 2209677




e Printer or no printer
* Want beacon automatically turned
on?
e Hard drive or floppy?
* Special beacon text
¢ Monitor for beacons or 1Ds?
¢ Information you want in your key-
board macro file
If you send me this information, [l
customize your program for the Kan-
tronics KAM TNC.
Robert F. Cann, WAGBB

Editor’'s note: Send a no 10 SASE 1o Ham Radio tor a hard

oy of the PACKTRACK ASP program and macro hile

Mobile HT Audio —
The Near Ultimate
Solution

Many articles have been written
describing schemes for improving the
audio output from handheld trans-
ceivers, especially when operating
mobile. The low output power leaves
a lot to be desired when combined
with vehicle and road noise. The usual
fix involves building an external
amplifier.

I've often wondered why | try listen-
ing to a 2-inch speaker driven by a few

milliwatts of power while my car stereo
system sits idle. Here's an easy, no
modification required way, of using
your car's audio system with your HT,
for those of you with a built-in cassette
player. | designed a cassette adapter
that looks like a standard cassette tape
with a cable that plugs into the HT's
external speaker jack. You insert the
adapter into the tape player as you
would any standard cassette. | found
out later from my son that my "crea-
tion" was already commercially avail-
able!

The device, marketed by Radio
Shack as a “"Compact Disc Cassette
Adapter” is sold under catalog num-
ber 12-1951 for $19.95. It lets you play
portable CD units through your cas-
sette tape player. It comes equipped
with a miniature stereo plug, the same
size as the external speaker jack on my
HT. When used in this manner, the HT
will “play” through one channel of the
stereo system.

There are three simple ways of con-
verting the adapter to a mono system
s0 you can use both stereo channels:
¢ Use a mono-to-stereo adapter plug,

like Radio Shack no. 274-368. This

is the preferred method, since the

unmodified unit will be available for
use with a stereo source like a CD
player. However, the size of the
adapter plug may interfere with the
external microphone plug on some
HTs.

¢ Replace the stereo plug with a

mono plug, paralleling both inputs.
This is the most difficult modification
to make, because you need to con-
nect both inputs to a single mini-

plug.

* Add a short jumper wire at the cable

terminations on the pc board inside
the cassette. (The board contains an
RC network.) This involves removing
six screws (two on the top and four
on the bottom of the cassette),
adding a jumper between the red
and white cable leads, and reas-
sembling the cassette.

Now you can enjoy HT mobiling with
the audio available from your car
stereo system, without modifying the
HT or the car stereo. Use the tone con-
trols to reduce hiss and enhance weak
signals. You'll be amazed at how good
an HT can sound.

Frank H. Finney, WOPXP

antenneXe

“The Magazine About Antennas"
' IF YOU -

*Have a lousy mobile signal on all bands?
*Need an inexpensive beam for 10 meters?
*Unsure about using vert vs horiz antenna?
+Need a low noise antenna for 160 meters?
*Want to design an antenna just for you?
*Need a program for design and plotting?
*Need to solve a unique problem?
*Know the best antenna for hamsats,etc.?
*Need a disguised mobile antenna?
*Want a cheap automatic coupler system?
» Just want to learn more about antennas?

THEN SUBSCRIBE TO - antenneXe
12 MONTHLY ISSUES is only $15.97 for
USA and possessions. $19.97 foreign.

antenneXe

PO. Box 8995 Dept. 19
Corpus Christi, TX 78412
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THE K1FO 16 ELEMENT
220 MHz YAGI

ELECTRICAL SPECICATIONS
Measured gan 14 3Bd

Model FO-16-220

$114.95

ConnCIon Notype

ALSO AVAILABLE
FO-12-144, FO-22-432, FO-25-432, FO-33-432, FO-11-440
POWER DIVIDERS STACKING FRAMES

10 ind parts for the home budder
$12/100, Stminiess keopers $10/100

7-10 P.M. EST

161

R-7000 Widespan Panadaptor

Panadaptor especially designed
for the R-7000 receiver. For use
with a standard scope. Variable
span width from 1 to 10 Mhz,
Uncover unknown elusive signals.
Complete with all cables, & 90 day
warranty. $349.95 Shipped. Pa.
res. add 6%.

GTI Electronics

RD1BOX 272
Lehighton, Pa. 18235
717-386-4032

» 162



_ :' "'-’;,,..Zgw Your Ham

BULLETIN

, 1€
B 4
P i
g & i

T
{ CALL US
NOW!

In 1937, Stan Burghardt (W@IT), because of his intense interest in
amateur radio, began selling and servicing amateur radio equipment
in conjunction with his radio parts business. We stand proud of this
long-lasting tradition of Honest Dealing, Quality Products and
Dependable **S-E-R-V-I-C-E""!

Above all, we fully intend to carry on this proud tradition with even
more new product lines plus the same “‘fair’’ treatment you've come
to rely on. Our reconditioned equipment is of the finest quality with 30,
60 and even 90-day parts and labor warranties on selected pieces.
And always remember:

— WE SERVICE WHAT WE SELL —

DorLrar GoEs
FuURTHER AT...

SELECTION

SERVICE

and

SATISFACTION!

STORE HOURS
5 PM 0T |

MONDAY rthre IRIDAY
| OPIN SATURDAYS
| fram %1 P.M. (C3T)

"AMERICA’S MOST RELIABLE AMATEUR RADIO DEALER”

SELL-TRADE

New & Reconditioned
HaMm EQUIPMENT

Call or Write Us Todav For a Quote
You'll Find Us to be Courteous, Knowledgeahle

and Honest

prone (605) 886-7314
Fax (605) 886-3444
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|  SUNDATS MOLIDATS

AEA Baw Daiwa :"':m‘é' —_— Get the most of HF Mobiling
Alinco Belden Hustler adio Callboo
Ameritron Bencher Kantronics Ritron A a0 Yaesu FT-747GX
Amphenol Bird Kenwood Rohn O
Ampire Butternut Larsen Telex/Hygain o Ty aur SPECIAL OFFER!
Antenna Centurion MFJ Ten-Tec
Specialists CES Mirage/KLM Unadilla/Reyco =
Astron Cushcraft Mosley Yaesu B8 = | CALL TODAY

182 N. Mapl

Po s | FOR SPECIAL QUOTE

Write today for our latest Bulletin/Used Equipment List.

» 190

o frequencies. The antenna

> 5\3\?"-3:::‘- « the mast with a 12 Volt motor,
gl oW ealy 4
e 55 u\ﬁ‘“a\: \se® 7B TR e
qou®? (ocorde HE o0t o Gy. 8%, Two versions are coming; one for
con® (et <50 Ps G\,slan?‘f:;oa\awhea vans and the second for glar
OO b g G gy 89 el g 0330 U A
5 o 8 S T OB oot
rec? o, G 0020 g Bo* 78\ Toca®
& W el “5(- St Y ol @

Watertown, SD 57201

.COMMUNICATIONS

The VHF MOSFET power amplifier pioneer, has
new products; Antennas for special needs.

HERE NOW

The "Armchair Antenna", improves the range of hand
helds, or scanners, using "rubber duckies™ or 1?&
wavelength whips.

Adjustable for any frequency from 144 to over 500
MHz, this dipole needs no ‘ground F}ane. is used
burunntallpor vertically and, at 1/2 wavelength,
i

is more efficient than short antennas. A balun
reduces pattern distortion for "boresight" aiming.

COMING S0O0O0ON

For the RVer

a tilt-up telescoping HF vertical
that adjusts

o any frequency from 3 to 30 MHz.

The fiberglass mast extends to full height for all
length is varied inside
.also inside the
mast, and can be controlled from inside the RV.

small RVUs and
ge RVUs,

For Information On Our Complete Line See Your Local Dealer Or Call Factory Direct
P.O.Box 8979 @ Newport Beach, CA 92658 @ (714) 760-3622




The/no-hole, On-Glass)
mobile antenna that
alls in 15-minutes.

ins

* Capacitive coupling establishes highly
tuned circuit through glass with no
measurable signal loss.

* No ground plane: Full halfwave design —
performance equal to practical 5/8 wave
installations.

* DUO-BOND™ mounting for firm, fast,
waterproof bonding. Removable without
damaging car or antenna,

0 holes: NG Vehicle damage; fast, easy

.

4 s
Wodels for 2 meter, 220 MHz and UHF
amateur bands.

#helping the world communicate®®

] LTy ————y

a member of The Allen Group Inc.

30500 Bruce Industrial Parkway

Cleveland, OH 44139-3996

216/349-8400, Telex: 4332133, Fax: 216/349-8407
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PC Slow Scan $149.95

A complete slow scan television station for your
IBM PC or compatible. Send and receive images
inup to 10 shades of gray depending upon your

graphics card and printer
Includes:
Demodulator  Modulator 75 Page Manual
Tutorial Cassette

Software

Ham transceiver PC with 640K Parallel Port
Graphics Card  Tape Recorder Serial port
Slow Scan

ape
Formats: 8,12,17, 23,34 36,48, 72 sec

T X Y

>

NEMAL ELECTRONICS

*Complete Cable Assembly facilities MIL-STD-45208
*Commercial Accounts welcome- Quantity pricing * Same day shippi

most orders

*Factory authorized distributor for Alpha, Amphenol, Belden, Kings, Times Fiber

Call NEMAL for computer cable, CATV cable, Flat cable, semi-rigid cable, telephone cable,
crimping todls, D-sub connectors, heat shrink, cable ties, high voltage connectors.

HARDLINE 50 OHM

FXA12 1/2° Aluminum Black Jacket.............
FLC12 1/2° Cablewsve com. copper bik jkt
FLC78 7/8 Cablewsve com.copper bik jit
NM12CC N conn 1/2° corr copper m/ ..
NM78CC N conn 7/8 com copper m/7 ..

COAXIAL CABLES (per 1)
1180 BELDEN 9913 very low loss

1102 RGB/U 95% shield low loss foam T1ga

1110 RGAX 85% shéeld (mini B)

1130 RG213/U 85% shield mil spec NCV jkt
1140 RG214/U dbl silver shid mil spec.....

1705 RG142B8/U dbl siver shid, teflon

1310 RG217/U 50 ohm 5000 watt dbl shid ... 98
1pec

1450 RG174/U 50 ohm 100" od mil

ROTOR CABLE-8 CONDUCTOR
BC1822 2-18ga and 6-22ga
BC1620 2-18ga and 6-20ga

CONNECTORS-MADE IN USA
NE720 Type N plug lor Beiden 9913
NE723 Type N jack fw Beiden 9913..
PL25GAM Amphenol PL258 ........cccovins
PL258TS PL25@ teflon ins/silver plated......
PL258AM Amphenol female-female (barel)....
UG175/UG178 reducer for RG58/59 (specify)...
UG210S N plug for RGB213214 Sikver.......

UGB38 N jack to PL25G sdapter, feflon . as0
UG1464 50239 to N plug sdapter, teflon .. L850
UG255 50239 to BNC plug sdaspter, Amphenoi........4 29
SO239AM UHF s mt o, Amphenol .-39:S

! 45

UGBBC BNC plug RG58. 223, 142

GROUND STRAP-GROUND WIRE (per 1t )
GS38 3/8 tnned copper bradd ... 40
G512 1/2° tinned copper braid

GS200 1-1/2° heavy tinned copper braid ... 200
HWO8B 6ga insulsted stranded wire 39
AW14 14ge stranded Antenna wire CCS ... 14

Prices do not include shipping, $3 minimum, Visa/Mastercard $30 min, COD add $3.00

Call or write for

w-mmzmaummmcomfcfonssucmumum

complete
xmcwmmdmum.acacmduchwwrmwmm.

NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami, FL 33161
(305) 893-3924 Telex 6975377 24hr FAX (305)895-8178
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Software Systems Consulting
1303 S. Ola Vista

San Clemente, CA 92672
(714) 498-5784
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Foreign Subscription Agents
for Ham Radio Magazine

Ham Radwo France

SM Electronic

20 bis, Ave des Clarions
F-89000 Auxerre
France

Ham Radio Canada
CARF

P.O. Box 356

Kingston, ON

Canada K7L 4W2

Prices in Canadian funds
1 yr. $38.00, 2 yrs. $67.00
3 yrs. $90.00

Ham Radio Japan

Katsumi Electronic Co., Lid
27-5 lkegami

4 Chome, Ota-Ku

Tokyo 146, Japan
Telephone (03) 753-2405

Ham Radio England

clo RSGB
Lambda House

Cranborne Road

Potters Bar

Herts EN6 3JW

England




Joseph J. Carr, K4I1PV

VERTICALLY
POLARIZED HF
ANTENNAS: PART 1

Antennas are a favorite topic for tech-
nical writers because our mailbags
show that they're a very popular sub-
ject with readers. This month, and for
the next two months, I'll discuss verti-
cal antennas. Although the regard with
which Amateurs view verticals varies
from “tremendous” down to “little bet-
ter radiator than a dummy load,” the
vertical remains popular. My own luck
with verticals has been mostly good.
The vertical is the antenna of choice for
people living in cramped quarters that
don't allow a beam antenna.

Will the vertical antenna work as well
as a Yagi beam or quad up 100 feet?
The answer is a qualified “maybe.” The
problem is context. For the DXer the
beam is the hands-down favorite if
money is no object. But in a situation
where an omnidirectional horizontal
pattern is needed, the beam suffers.
So the correct answer to such a ques-
tion is, "for what application?”

Because there are so many heated
opinions regarding verticals, | take on
this topic with some trepidation. Let's
hope that a little more light than heat
is generated. Keep in mind that it's
possible your buddy’s bad luck with a
vertical might be due to not knowing
how to design, build, and use one —
or expecting something totally inap-
propriate from the antenna.

The polarity of an antenna is the
direction of the electrical (E) field.
Because the transmitted signal is an
orthogonal electromagnetic wave, the
magnetic field radiated from the
antenna is at right angles to the elec-
trical field. The direction of the electri-
cal field, which sets the polarity of the
antenna, is a function of the geometry
of the radiator element. [f the element

Practically
Speaking

FIGURE 1A

I

N\, ) GENERATOR

EARTH

Basic concept of a vertical antenna.

is vertical, then the antenna polarity is
also vertical. The signal propagates out
from the radiator in all directions of
azimuth, making this antenna an
“omnidirectional” radiator.

Figure 1A shows the basic geometry
of the vertical antenna: an RF gener-
ator (transmitter or transmission line
from a transmitter) at the base of a radi-
ator of length L. Although most com-
monly encountered verticals are quar-
ter wavelength (L = N4), that length
isn’'t the only permissible one. In fact,
it may not even be the most desirable
length. Il talk about the standard
quarter-wavelength vertical antenna
here because it's so popular, and will

also deal with other length verticals
(both greater and less than quarter
wavelength).

The quarter-wavelength vertical
antenna can be modeled as half a
dipole installed perpendicular to the
ground, with the ground as the “other
half” of the dipole. Because of this,
some texts show the vertical with a dot-
ted line “ghost radiator” in the earth
beneath the main antenna element.
Figure 1B shows the approximate cur-
rent and voltage distribution for the
quarter-wavelength vertical. Like the
dipole, the quarter-wavelength vertical
is fed at a current node, so the feed-
point impedance is at a minimum (typi-
cally 35 to 55 ohms, depending upon
nearby objects). As a result, the cur-
rent is maximum and the voltage s
minimum at the feedpoint. As you'll
see, however, not all vertical antennas
are fed directly at the current node. As
a result, some designs require antenna
tuning units to make them match the
antenna impedance to the transmitter
output impedance.

Figures 2A and 2B show the two
basic configurations for the HF vertical
antenna. Figure 2A shows the ground-
mounted vertical antenna. The radia-

FIGURE 1B

Approximate current and voltage distribu-
tions on a quarter-wave vertical.
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THE K1FO 25 ELEMENT

432 MHz YAGI

[th"IIcnl_ SP(leIClTlONl

Model FO-25-432

$129.95

ALSO AVAILABLE
FO-12-144, FO-16-220, FO-22-432, FO-33-432, FO-11-440
POWER DIVIDERS STACKING FRAMES

W supply | fot tha home budder

Stasbess keepers $10/100
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MAKE CIRCUIT BOARDS
THE NEW, EASY WAY

WITH TEC-200 FILM

JUST 3 EASY STEPS:

* Copy circuit on TEC-200 film using
any plain paper copier

= Iron film on to copper clad board
* Peel off film and etch
SATISFACTION GUARANTEED
convenient 8%z x 11 size

5-Sheets for $3.95
10 sheets only $5.95
The MEADOWLAKE Corp.

DEPT. P, P.O. Box 497
Northport, New York 11768
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U.S. AMATEUR RADIO MAIL LISTS

Labels, floppy disks, CD-ROM, mag tape
* Newly licensed hams
* All upgrades
* Updated each week

BUCKMASTER PUBLISHING
Route 3, Box 56
Mineral, Virginia 23117
\?03."894-5?7? visa/mc 800!282-5628)

v 1T

—HI- PERFOHMANCE DIPOLEST

! R ==

freq ea Dand advima b of

sope
ah .m achency Setgr

ch MO o COD (83
MPD-5° B0-40-70-15 10M max-pariormance dipole 87 long $105ppd

MPD-2 B0-40M max periormance dipole, 85’ long $63 #4386 ppd
HPD-3* 180-80-40M hi-periormance dipols 111" long ATH ppd
S5D-8° 160-80-40-20-15 10M space saver dipols 71 long $126 ppd
S508° 80-40-20-15 10M space-saver dipole speciiy L 473108 52°-8108 ppd
5S04 00-40-20-15M space saver dipole specily L. 4867593 808 B ppd

*Bbands with wide maiching 1ange tune:
SASE for catalogue of 30 dipoles, siopers, and space-saving, unkque anfennss

WRINN ANTENMAS
3N3-394-3818  gox 393 T PROSPICT 1L 60056

v 172

*»Coming soon to a shack near you.
»Signals from space.
« Catch some free.
*We know how.
*You can too!
*« Join AMSAT
*Free brochure for SASE

AMSAT

POBOX27
WASHINGTON,DC 20044

HAM RADIO SHIRTS and HATS

Here's a greal way to say you're a HAM RADIO reader
Get a hat with your name and call and wear your HAM
RADIO Magazine shirt!

Baseball Caps come in gold, blue, red
and kelly green. Please give us the name
and call sign you want lettered on the hat
(maximum of 6 characters per line.)
UFBC (comes in gnld blue, red,

kelly green) $595

HAM RADIO shirls come in two
attractive slyles. The TEE shint is
great for general everyday use

The HAM RADIO polo is for a
more formal occasion. Each shir is
made of a 50/50 blend and comes

in either blue or red. The new HAM Sizes Available
RADIO logo is silk-screened in a S. M. L, XL
vibrant yellow color on the front of

each shir

HR-TEE B (blue) R (red) - $ 9.95
HR-PLO B (blue) R (red) : $19.95

Please enclose $3.75 shipping & handling ﬁ ‘
HAM
RADIO BOOKSTORE

GREENVILLE, NH D3048 (603) 8781441
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FIGURE 2A

FIGURE 2B

RADIATOR
ELEMENT
3-4 in. OR MORE
“ COAX TO XMTR
GROUND LEVEL
BURIED RADIALS

GROUND
ROD

Basic ground-mounted HF vertical.

tor element is mounted at ground level,
but is insulated from ground. Because
the antenna shown is a quarter wave-
length, it's fed at a current node with
52-ohm coaxial cable. The inner con-
ductor of the coaxial cable is con-
nected to the radiator element, while
the coaxial cable shield is connected
to the ground. As you will see later, the
ground system for the vertical antenna
is critical to its performance. Normally,
the feedpoint impedance isn't exactly
52 ohms, but somewhat lower. As a
result, without some matching there
will be a slight VSWR. But in most
cases the VSWR is a tolerable tradeoft
for simplicity. If the antenna has a feed-
point impedance of 37 ohms, the value
usually guoted, then the VSWR will be
52 ohms/37 ohms, or 1.41:1.

A vertical mounted above the
ground level is shown in Figure 2B.
This antenna is as popular as the
ground mounted. Amateurs find it easy
to construct this form of antenna
because the lightweight vertical can be
mounted at reasonable heights (15 to
50 feet) using fairly inexpensive tele-
vision antenna slip-up telescoping
masts. A problem with the nonground
level vertical antenna is that there's no
easy way to connect it to ground. The
solution to the problem is to Create an
artificial counterpoise ground with a
system of quarter-wavelength radials.

In general, at least two radials are
required for each band — and even
that number is marginal. The standard
wisdom holds that the greater the

/)

RADIATOR

COAX TO
TRANSMITTER

RADIALS

number of radials, the better the per-
formance. While that statement is true,

FIGURE 2C

A vertical with elevated radials.

l¢——— QUARTER-WAVE
VERTICAL RADIATOR

QUARTER - WAVE
GROUND - PLANE RODS

GROUND-PLANE ANTENNA

HORIZONTAL PLANE

RADIATION PATTERN

8

/wsuuron

COAXIAL
TRANSMISSION
LINE

i GROUND - PLANE
' ANTENNA

Diagram of a commercial ground plane with

four radials mounted 90° apart.

Ham Radio/August 1989 73



there are both theoretical and practical
limits to the number of radials. The the-
oretical limit is derived from the fact
that more than 120 radials return prac-
tically no increase in operational effec-
tiveness, and at more than 16 radials
the returned added effectiveness per
new radial is less than the case for
fewer radials. That is, going from 16 to
32 radials (doubling the number) cre-
ates less of an increase in received
field strength at a distant point than
going from 8 to 16 radials (both repre-
sent doubling the density of the radial
system).

The radials of the above-ground ver-
tical antenna can be at any angle. In
Figure 2B they are “drooping radials;”
e, the angle is greater than 90
degrees relative to the vertical radia-
tor element. Similarly, Figure 2C shows
a vertical antenna equipped with
radials at exactly 90 degrees. (No com-
mon antenna has radials of less than
90 degrees.) Both of these antennas
are called ground-plane vertical
antennas.

The angle of the radials is said to
affect the feedpoint impedance and
the angle of radiation of the vertical
antenna. While those statements are
undoubtedly true in some sense, there
are other factors that also affect those
parameters and are probably more
important in most practical installations.
Before digging further into the subject
of vertical antennas, let's take a look at
the subjects of angle of radiation and
gain in vertical antennas.

Angle of radiation

Long distance propagation in the HF
region depends upon the ionospheric
phenomena called "skip." In this type
of propagation, the signal leaves the
transmitting antenna at angle a, called
the angle of radiation, and enters the
ionosphere where it is refracted back
to earth at a distance from the trans-
mitting station. The signal in the zone
between the outer edge of the
antenna’s ground wave region and the
distant skip point is weak or nonexis-
tent.

The distance covered by the signal
on each skip is a function of the angle
of radiation. Figure 3 shows a plot of
the angle of radiation of the antenna,
and the distance to the first skip zone.
The angle referred to along the verti-
cal axis is the angle of radiation away
from the antenna relative to the hori-
zon. For example, an angle of 10
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FIGURE 3
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Graph of skip zone versus angle of radiation.

degrees is elevated above the horizon
10 degrees. Shorter distances are
found when the angle of radiation is
increased. At an angle of about 30
degrees, for example, the distance per
skip is only a few hundred miles.

Although you might expect to see a
single line on the graph, there's actu-
ally a zone shown (shaded). This
phenomenon exists because the i1o0n-
osphere is found at different altitudes
at different times of the day and differ-
ent seasons of the year Generally,
however, in the absence of special
event phenomena in the ionosphere,
expect from 1500 to 2500 miles per
bounce in the HF bands for low angles
of radiation. Note, for example, that
for a signal that's only a degree or two
above the horizon, the skip distance is
maximum.

At distances greater than those
shown in Figure 3, the signal will make
multiple hops. Given a situation where
the skip distance is 2500 miles, cover-
ing a distance of 7500 miles requires
three hops. Unfortunately, there's a sig-
nal strength loss of 3 to 6 dB on each
hop, so you can expect the distant sig-
nal to be attenuated from making mul-
tiple hops between the earth’s surface
and the ionosphere. For maximizing
distance, the angle of radiation needs
to be minimized.

So what's the ideal angle of radia-
tion? It's standard — but actually
erroneous — wisdom among Amateur
Radio operators (and even commercial
operators, it turns out) that the lower

the angle of radiation the better the
antenna. This statement is only true if
you're looking for long distance, so it
reflects a strong bias toward the DX
community. The correct answer to the
question is; "It depends on where you
want the signal to go." For example, |
live in Virginia. If | want to work stations
in the Carolinas or New England, it
would behoove me to select a high
angle of radiation for radio conditions
represented in Figure 3, so that the sig-
nal will land in those regions. But if |
want to work stations in Europe, Africa
or South America, then a lower angle
of radiation Is required. Because of the
difference between performance of
high and low angles of radiation, some
stations have two antennas for each
band — one each for high and low
angles of radiation.

Figure 4 shows a signal from a
hypothetical antenna located at point
O to show what angle is meant by
angle of radiation. The beam from the

FIGURE 4
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a

¥
TANGENT TO HORIZON

X.,Y: -3d8 POINTS

P: CENTER BEAM

ANGLE a: ELEVATION
ANGLE b: ~3d8 BEAM WIDTH

Diagram illustrating angle of radiation.

antenna is elevated above the horizon
(represented by the horizontal “tangent
to horizon" line). The angle of radiation,
a, is the angle between the tangent line
and the center of the beam. This angle
is not to be confused with the beam-
width, which is also an angle. In the
case of beamwidth, I'm talking about
the thickness of the main lobe of the
signal between points where the field
strength is 3 dB down from the maxi-
mum signal (which occurs at paint P);
these points are represented by points
x and y in Figure 4. Thus, angle b is
the beamwidth, while angle a 1s the
angle of radiation.

Gain in vertical antennas

Vertical antennas are known as
omnidirectional because they radiate
equally well in all directions. Gain in an



220 N. Fulton Ave.
Evansville, IN 47719-0522

Store Hours
MON-FRI: 9AM -6 PM
SAT:9AM -3 PM
CENTRAL TIME
SEND A SELF ADDRESSED STAMPED

(50¢) ENVELOPE (SASE) FOR NEW AND
USED EQUIPMENT SHEETS.

WARRANTY SERVICE CENTER FOR:
ICOM, YAESU, TEN-TEC

MONDAY - FRIDAY
9:00 AM - 12:00 NOON

TERMS:

Prices Do Not Include Shipping.
Price and Availability Subject to
Change Without Notice
Mos! Orders Shipped The Same Day
COD's Welcome ($3.50 + shipping)

=

ORDERS &
PRICE CHECKS

800-729-4373

the "™
_
P.O. Box 6522 " R s oF Seammotionl

* Dual VFO's, 20 Memories
* Receives from 100 kHz - 30 MHz
* Built-In CW Filter + More

FT-470
COMPACT 2MIT0CM
DUAL BAND FM

* Simultaneous Reception

on Both Bands
* Up to 5 Watts Output

* Built-in 10 Memory DTMF
Auto Dialer
* Built-in CTCSS

PLUS MORE!
FOR SERVICE INFORMATION CALL
(812) 422.0252
FAX 812-465-4449 mpt/

VHF/UHF
AMPS

* High VSWR and .
Overdrive Protection

* 5 Year Warranty, 6 Months on RF
Transistors

* All Units have GaAsFET Receive
Pre-amps

W

* 21 Memories on Each Band

O
ICOM

IC-32AT

= New Dual Band HT

* RX-138-174 MHz
440-450 MHz

* TX-140-150 MHz
440-450 MHz

IC-2SAT %

NEW 2 Meter Handheld
* Ultra Small HT
with up to
5 Watts Output
* VFO Scan &
Memory Scan
* 48 Programmable
Memories
* Covers 140-150 MHz

ALINCO

DR-110T
NEW 2 Meter Mobile
* 45 Watts Qutput

* 14 Memories with Standard
Encode/Decode Subaudible Tones
* CAP and MARS Modifiable

LOCAL

INFORMATION

* 5 Watts Output on Both Bands
* Full Duplex & 20 Memories

SB-1000

HF Linear Amp (kit)

* 1000W Output on SSB, 850 on CW,
500 Won RTTY

* Covers 160-15 Meters

* 1,3-500Z Tube

* QSK with Optional Board

HK-21

POCKET
PACKET TNC

* Miniature Sized VHF/UHF Modem

* TNC-2 Compatible

* Personal Bulletin Board

* All Cables Supplied

* Connect to Your V/UHF Radio and
RS-232 Computer and Your Set.

W OMNIV

TEN-TEC

==
... = J
SEEl
o
* New U/LSB, QSK, CW,
FSK HF Rig
* Dual VFQO's, 100 W Output
* Allbands 160-10
* Superior “"Phase Noise"
* Made in USA

-

812-422-0231

The ARRL
Experimenters’ Exchange and
AMSAT Satellite Journal

VHF-UHF rower owioers

wowal dividers provides the
o feed in-phase 2 and 4
antenn, o maximize systam
gain and at the same time reduce
losses 1o 8 mimimum. Covering 144
thru 1298 MHZ, this series of VHF
UHF power dividers are premier AF
davices designed lot a long service
il with low SWR and broad op
prating bandwidth

Extruded aluminum body with &
durable enamel linish in addition to

nector langes
dized unit for all
Available with
these

ctors only
tionalty guaran

Niype
units are uncon

feed for 2 years

MODEL CONFIG PRICE
144-2P 2 ports) £54.00
144-4P {4 ports) $61.00
220-2P 12 ports) $53.00
220-4P {4 ports) $60.00
430-2P (2 ports) $51.00
430-4P {4 pors) $59.00
902-2P 12 ports) $51.00
202-4P {4 ports) $59.00
1296-2P (2 ports) $52 00
1296-4P (4 ports) $60.00

SHIPMNG NOT INCLUDED

STRIDSBERG ENGINEERING, CO

' PO Box 79

Phane: (318) B65-0523

73 ® Shraveport , LA 71107 & USA .&
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Amplifier Repair
Alpha - Ameritron - AMP - Henry
Dentron - Heathkit - TenTec - Etc.

35 Years Experience as the
Service Manager with a
major manufacturer

K4BWC

Authorized
TenTec
Dealer

OMEGA

ELECTRONICS
4209 Live Oak Road
Raleigh, NC 27604
919-832-1025

€AY

Visa &-Q;sl:r Card
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QEX is a no-nonsense Amateur Radio
magazine that will provide you with
a monthly supply of useful technical
information. As an exchange, it is
written by and for serious experimenters.

Feature articles cover a wide variety
of subjects such as VHF-microwave,
analog and digital design, software,
space experiments, propagation re-
search, construction projects and so
forth. Articles are presented in the same
language used by experimenters.

Because QEX is an exchange, regular
reader input and participation is
welcomed; here's your chance to make
your contribution. If you're an active
experimenter working close to the state
of the art and want to “'network’’ with
others, you need QEX and QEX needs
you.

Monthly. For 12 issues to ARRL
members: US, $10; Canada and
Mexico by first class mail $18; Else-
where by airmail $38. Non-members
add $10 to these rates.
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FIGURE 5

Diagram of a theoretical isotropic radiator.

FIGURE 6
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E and H plane patterns of a typical vertical.

antenna is not the creation of power,
but rather a simple refocusing of
energy from all directions to a specitic
one. Therefore, gain implies directivity.
According to the convention, then, the
vertical antenna can't have any gain
because it radiates in all directions
equally, and gain implies directivity.

Right? No, not really. Let’s develop the
theme more carefully.

Again consider the idea of an
isotropic radiator (the word “isotropic”
means equal power in all directions).
Consider a spherical point source radi-
ator located at point O in Figure 5.
Whatever the level of power available

from the transmitter, it will be spread
equally well over the entire surface of
the sphere as it radiates out into space
away from point O. If you measure the
power distributed over some area, A,
at a distance, R. from the source, then
the power available will be a fraction
of the total power:

Povair =
Total Available Power X Area ‘4"
Total Surface Area of Sphere

m

or, in math symbols, we can write the
expression:

47r;:2 (2)

Where:

Pa is the power available per solid
degree

Ps is the total radiated power in
watts

R is the radius of the sphere, ie., the
distance from O to P

A practical rule of thumb for this
problem is to calculate from the sur-
face area of the sphere. If you perform
the right calculations, you'll find that
there are approximately 41,253 square
degrees on the surface of a sphere. By
calculating the surface area of the
beam front (also in square degrees),
you can find the power within that
region.

Now for the matter of gain in a verti-
cal antenna. The vertical isn't gainless
because it doesn't radiate equally well
in all directions. In fact, the vertical is
quite directional except in the horizon-
tal (azimuth) plane. Figure 6 shows the
radiation pattern of the typical vertical
radiator. The pattern looks like a giant
doughnut in free space (see solid pat-
tern in Figure 6). When sliced like a
bagel, the pattern is the familiar circu-
lar omnidirectional pattern. When
examined in the vertical plane, how-
ever, the plane looks like a sliced fig-
ure eight. The gain comes from the fact
that energy isn't spread over an entire
sphere, but concentrated to the toroi-
dal doughnut-shaped region shown.
Therefore, the power per unit area Is
greater than for the isotropic (truly
omnidirectional) case.

Non quarter-wavelength
verticals
The angle of radiation for a vertical

antenna, hence the shape of the
hypothetical doughnut radiation pat-
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FIGURE 7A

FIGURE 7B

Approximate patterns for three different
length verticals. Relative power gains are
also visible.

tern, is a function of the antenna
length. (Note: “length” in terms of ver-
tical antennas is the same as "height”
and ‘is sometimes expressed in
degrees or wavelength, as well as feet
and/or meters). Figure 7A shows the
approximate patterns for three differ-
ent length vertical antennas: quarter
wavelength, half wavelength, and 5/8
wavelength. Note that the quarter-
wavelength antenna has the highest
angle of radiation, as well as the lowest
gain of the three cases. The 5/8-
wavelength antenna has both the
lowest angle of radiation and the
highest gain (compared with isotropic).

The patterns shown in Figure 7A
assume a perfectly conducting ground
underneath the antenna. However,
that's not a possible situation for prac-
tical antennas — ali real grounds are
lossy. The effect of ground loss pulls
the pattern in close to the ground
(Figure 7B). Although all of the pat-
terns are elevated from those of Fig-
ure 7A, the relationships still remain.
The 5/8-wavelength radiator has the
lowest angle of radiation and highest
gain.

The feedpoint impedance of a vert-
cal antenna is a function of the radia-
tor length. For the standard quarter-
wavelength antenna, the feedpoint
radiation resistance is approximately
37 ohms, with only a very small reac-
tance component. Figures 8A and B
show the approximate feedpoint
impedances for antennas from nearly
zero effective length to 120 degrees of
length.

Antenna length as it is expressed in
degrees derives from the fact that one
wavelength equals 360 degrees. Thus,
a quarter-wavelength antenna has a
length of 360 degrees/4 = 90

Etfects of ground losses on the patterns of
the same three antennas.

FIGURE 8A
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degrees. To convert any specific length
from degrees to wavelengths, divide
the length in degrees by 360. Thus, for
a 90-degree antenna: 90 degrees/360
degrees = 1/4 wavelength. The graph
in Figure 8A shows the antenna feed-



FIGURE 9

=

Basic connection of a toriodal transformer
to a vertical antenna.

Commercial impedance matching trans-
former.

point impedance, both reactance and
radiation resistance, for antennas from
60 to 120 degrees; Figure 8B shows
the radiation resistance for antennas
from near zero to 60 degrees. Note
that the radiation resistance for such
short antennas is extremely small. For
example, an antenna that i1s 30
degrees long (30/360 = 0.083 wave-
length) has a resistance of approxi-
mately 3 ohms.

It's generally the practice on vertical
antennas with an impedance-matching
problem to use a broadband
impedance-matching transformer to
raise the impedance of these antennas
to a higher value. Figure 9 shows the
basic connection of the toroidal trans-
former to the vertical antenna. You can
wind a homebrew transformer follow-
ing instructions given in The ARRL
Handbook, other publications, or a
past issue of this column. You can also
use a manufactured impedance trans-
former like the Palomar Engineers'
model shown in Photo A. This trans-
former is designed specifically for HF
vertical antennas.

Next month...

In the second installment of this
three-part series I'll look at two topics:
the installation of vertical antennas, and
vertical antenna construction and
mounting technigues.

| can be reached at POB 1099, Falls
Church, Virginia 22041; I'd like to have
your comments and suggestions for
this column.
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Tom McMullen, W1SL

VISUAL AIDS —
LIQUID CRYSTAL
DISPLAYS

In this last article in my series on vis-
ual aids, I'll look at a type of display
used in a multitude of products —
including watches, volt/lohm/milli-
ammeters, computer screens, automo-
tive monitoring systems, and tran-
sceivers. (The list is far too long to
complete here)) It's called a liquid crys-
tal display, or LCD. The beauty of this
type of display is that it can be
manufactured to show characters in
any language, or to provide a visual
symbol in any shape. It also uses very
little power.

What’s in it?

The principle used in the LCD
comes from a laboratory device for
exploring methods of electronically
controlling light transmission. This
experimental device is called a Kerr
cell (see Figures 1A and 1B). It works
as a result of polarization. The input
and output sides of the Kerr cell have
a polarized coating which allows light
with the same polarization as the coat-
ing to pass through it. When the liquid
in the cell is polarized the same as the
coating material, the light passes
through. When voltage is applied to
the electrodes, the liquid changes its
polarization, and the light doesn't pass
through (refer to Figure 1B).

You can perform an experiment with
polarized light using the lenses from a
pair of sunglasses that have a pola-
rized coating — plain tinted lenses
won't work. Look at a light through
both lenses, and rotate one lens as you
do so. At some point, the light will
decrease markedly or perhaps disap-
pear. This is the point at which the
lenses are polarized 90 degrees apart.
A polarizing filter for photographic use
works in a similar manner; glare and
reflections are polarized to some
extent, and when the filter is rotated,
the glare can be reduced for improved
photographs.

Eimer’s Notehook

Putting theory to work

The Kerr cell is a bulky apparatus;
it's most useful in laboratory and other
experimental uses. The modern LCD
is an adaptation of this principle that

FIGURE 1

can be small enough to use in a wrist
watch, or large enough to display
many lines of text or graphics on a lap-
top computer.

A basic LCD element is shown in
Figure 2. It consists of two pieces of
glass with a liquid sandwiched
between. The inner surface of each
piece of glass is coated with a very thin
metallic layer which serves as an elec-
trical contact, and will allow light to
pass. In its normal, unexcited state the
liquid isn't polarized (see Figure 2A).
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:ELECTRODEf7 POLARIZED

— T\
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LIGHT Z
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INPUT SCREEN
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— g
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APPLIED VOLTAGE POLARIZES
LIQUID IN KERR CELL

POLARIZED LIGHT
CANNOT PASS
THROUGH

The predecessor for today’s LCD was the Kerr Cell shown here in a simplified view. A liquid
inthe cell could be polarized by applying a voltage. When the polarization of the crystal-line
structure in the liquid was different from the light entering the cell, output was decreased.

FIGURE 2

- +
L—o NO VOLTAGE ©- —O VOLTAGE ON O——
(SEGMENT IS (SEGMENT IS
Al TRANSPARENT ) B) VISIBLE )

The LCD used on most devices today is a sandwich of glass with a liquid crystal material
between. The giass has thin metallic layers for electrical contact.
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CABE

F D G
SEGMENT CONNECTIONS

P ~———— GLASS BACKPLANE
T~——— L/QUID CRYSTAL

[[~~—— GLASS FRONTPLANE

COMMON (BACKPLANE )

A common seven-segment readout element as used in many numeric applications today.

A simple, inexpensive driver IC activates the proper segments to form numbers.

When voltage is applied to the metal-
lic layer, the crystalline structure in the
liquid changes direction {polarization)
and stops the light. Most LCDs
depend upon reflected light; when you
view the display from the front, you see
the outline of whatever shape the
metallic segment has as a silhouette
against the reflective backplane
Figure 2B.

In its simplest form (in clocks,
watches, calculators, and other strictly
numeric readout devices) each seg-
ment of a number is a conducting
transparent layer connected to a con-
tact — much the same as the LED
seven-segment display | described last
month. Figure 3 shows a seven-
segment LCD readout display. A sim-
ple decoder IC can drive the desired
segments to form a number. Some
LCDs have a large number of seg-
ments and can form letters as well as
numbers, in what's called an alphanu-
meric display.

Complex characters

Even greater versatility is obtained
by forming the characters with an array
of dots that can be turned on or off
individually. This type of readout is
called a dot-matrix LCD. The dot pat-
tern is often five or six dots wide and
seven or eight dots high, but there are
many other possibilities. Figure 4
shows an example of a 5 x 7 matrix.

This type of display requires a more
sophisticated driver. It operates by
decoding the incoming data and
deciding which rows or columns to
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energize for the pattern required.
Figure 5 shows the letter N. It's formed
by first activating all the rows (0 through
6) along with column Q. The driver then
activates row 4 and column 1, row 3
and column 2, row 2 and column 3,
and finally rows O through 6 and
column 4. The polarity of the liquid
(actually, in many devices it's almost a
jelly) behind each dot changes, shut-
ting off the reflected light. What you
see is the dark letter against a light
background.

What keeps the first vertical column
of the N from disappearing while the
driver is working on the rest of the
letter? Once you have “turned on”
polarized liquid, it stays that way until
another voltage application turns it off.
This is where the low power consump-
tion advantage comes in. You don't
need to keep voltage on the segment
all the time — just refresh it once in a
while with another pulse of voltage to
keep it from fading away. Without
refreshing, LCDs fade after a while;
some inexpensive ones disappear in
a few minutes, but better ones last
much tonger. They change gradually
from black, to grey, to clear.

Of course, the more dots you have
the more metallic contacts you need,
and the more complex the driver cir-
cuitry must be. Modern microproces-
sors and driver ICs can handle this
with ease. Multiple digit readouts use
a technique called “strobing." The
driver turns on the correct dots or seg-
ments in the first character, then goes
to the next one and activates it, and so

ROWS

COL UMNG

An array of dots forms a matrix for complex
characters. This array is five dots wide by
seven dots high; many other combinations
are possible.

on, until all characters are active.

If there are multiple lines (as there
are on a computer screen), the driver
can work on one line after the other. It
moves down the screen so fast that

FIGURE 5

ROV

6o I l

N | B

1 B

-1 1
w 12 3 4
COLUMNS

The letter ‘‘N"’ formed by activating the cor-
rect rows and columns of a dot-matrix dis-
play. See text.



your eye doesn't see any flicker, then
returns to the top to either refresh the
first line of characters or to make
changes In it.

Of course all these metaled spots,
rows, and columns require connec-
tions to the outside world so the driver
circuits can apply voltage. There are a
large number of connections at the
edge of the glass readout device, and
these are somewhat fragile. However,
most LCD assemblies are packaged in
such a way that you can't damage
them if you take reasonable care. Flex-
ible ribbon cable is often used to make
connections between the LCD and the
rest of the circuits. LCDs do have the
slight disadvantage of being temper-
ature sensitive. People traveling in cold
climates are accustomed to seeing the
wrong time on their automotive clocks
until the heater has warmed the pas-
senger compartment, and the liquid in
the LCD has thawed enough to
respond to voltage pulses. The elec-
tronics for the clock continue to work
normally, so when the LCD thaws out
it suddenly shows the correct time.
Latest advances in LCD technology
have produced displays in many
colors; you'll see them in some of the
newer Amateur transceivers, and some
computer screens. An item that caught
my eye just recently was a book-sized
AM/FM/TV receiver with a flip-up
screen. The screen was an LCD
approximately 4 x 5 inches, showing
a color TV program in amazing clarity.
What an improvement compared to
the first color TV set | saw. It took two
people to move, and used three
cathode-ray tubes and filters to pro-
duce a color image. The modern LCD
version fits in a briefcase and has a
better picture too!

Coming in my next column — what
you can do with simple, inexpensive
instrumentation

Quick SWERRG
Interconnect
* Fool-Proof - Fast * Genderless * Color coded * J0A Silver + Reliable -

Switch from mobile to shack in seconds Interchange pow
er supplies and rigs in moments interconnect bar‘.er\,'
charger, controller, solar panel, generator, backup / con-
ventional power instantly in any combination. Create cus-
tom multi-pole connectors in seconds w/ lego-like stacking
Easy crimp/solder, assembly. No special tools required

Antennas West o 50062 Provo, UT e 801-373-8425 |

w174

0w receive or HT's, or wire a separate computer via RS-232
leave messages cable into your mobile and you're ready to call
with other local hams or base VHF or UHF a fast-growing number

of packet hams
The HK-21 Pocket
Packet requires only a
single 12 VDC@ 40mA
POWCET SOUrce or as

Get your
The BBS operates *SSA40¢6 little as 29mA from :
under your l};l”\\'ilh I‘I](SS‘Ig’L l:plll:ll:ll Iilll‘\'t\‘.lr;-nl]_] " !

simple commands N TOWSS internally mounted 4.8
like Send or Write a ‘1(‘1 ( )‘Sb' oo volt, 120 mAh, NICAD

message, Kill a message P - battery.

and read the File CVCI] ‘N hCﬂ : l“l'l(1:.? Heath™ HK- |

messages currently on — 8 21 Pocket Packet —
Nno Onc 18

the system. And the C { Amatcur
HK-21 Pocket Packet is . qt . ?219]')5 'I‘i" price)
fully TNC-2 compatible. ll *N11 g 0 order, call
Hookup is easy. = ( ] . 1-800-253-0570
Plug in supplied cables
instantly to most

using the 16K Bulletin
Board featured on the
smallest TNC available —
the Heath® HK-21
Pocket Packet.

rig. Connect your

For information on
Heath'’s complete
line of amateur radio
products call
1-800-44-HEATH
for your FREE
Heathkit™ catalog

Best to start with.
Best to stay with,
Heath Company
Benton Harbor, Ml 49022

2195 1'% . A ) o
NUS
. AWARDS
THE NEW M QSL LIBRARY
New Handsome Custom Albums To Collect, Protect & Organize Your Hard-Earned
QSL Cards. . .Plus Special Albums for DXCC, WAS/ WAC & WAZ Radio Awards

FREE BONUS WITH TWO OR MORE ALBUMS!
Get The New Azimuth AwardsBase Tracking
Software for the IBM-PC (524 95 value)
Free! Exclusive new program helps you
siay on 1op of contacts by band. cards
sent and recewed and much much
more to monitor your radio award progress

Throw out the shoe boxes Get your O5Ls orgamzed with the
new Azimuth Awards QSL Library The perfect way 1o display
the cards for your presbigious awards —lor easy viewing
Each padded vinyl album comes complete with 20 heavy duty
crystal-clear, shp-in pocketed vinyl pages (each holds 6
cards)

Now available for the most presligious awards in amateur
radio order all and orgamze your cards for each award

« DX Century Club « Worked All Zones - Worked All States & Animuth QSL Awards Library— Each just $19.95 plus $2 50
Continents « & a general OSL Album for any purpose' shipping & handling

Looks great in your shack! Need mare pages? Order extra Specity 1) DXCC 2) WAZ 3) WAS/'WAC 4) Standard Album
pages (20 pack) Extra 20 Page Packs Just $12 95 (52 50 S&H)

Satisfaction Guaranteed' If not completely delighted return Enclose check or money order. (Cal. Res add 6. 5% tax

your purchase in 10 days for a money-back retund m VISA or MasterCard. (Foreign orders triple S&H)

Call or Send For Your Azimuth Credit Card Orders Call Today Toll Free
SL Award Library Today! (%) S Nationwide 1-800-882-7388

SEND TO: Azimuth Awards Library, Dept (1 (9AM to 6PM PST) M

11845 W. Olympic BI . Suite 1100, Los Angeles, CA 90064 Allow 4 10 6 Weeks Delivery |nT?$A

1-213-473-1332 for Information MCMLXXXIX Anmath Communications Corporation. s
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PRODUCT REVIEW

Morse Code Tutor Program

“"Morse: The Code Maching” by Laresco, a
morse code tutor for Apple |l series and C-64
computers, 1s designed to teach code recogni-
tion and build speed. It can be used by some-
one preparing for the Novice exam, anyone who
wanis to upgrade, or by the ham who simply
wants o increase code speed. There are 12
different software packages available, from the
basic Fundamental to the “all frills" Elite+. Each
successive version of the program includes
more modes and features. Purchasing a code
oscillator lets you take advantage of the manual's
code sending lessons

The Fundamental package is a ""bare bones”
version of the program. It generates code
sounds for characters in text memory. No
characlers are displayed on the screen. You
practice writing the characters on paper for the
code you hear After completing the session, you
can view the text in memory and compare it with
what you wrole

| worked with the Elite+ version. It has three
learning modes: teach, drill, and practice. Each
mode is broken down into sections which let you
tailor your learning expenence and concentrate
on your weakest areas. The manual suggests
you use all three modes in two dailly sessions
tor the best possible code workout

Teach mode concentrates on basic Morse
code recognition. You can use any one of five
diterent teaching modes. Each concentrates on
getting you to connect the letter with its particu-
lar code sounds Code can be self- or machine
generated

In drill mode, you work 10 increase your recog-
nition of what you've learned in teach mode
Characters or code sounds are generaled by
the computer and stored in a buffer. You have
the option of maltching the character with the
code, or the code with the character, by hitting
the appropriate key on the keyboard. The com-
puter corrects you when you make a mistake.

After you've worked with the teach and dnill
modes, you can improve your code recognition
speed with practice mode This mode allows you
to practice whal you've learned using self- or
computer-generated text

Depending on which package you purchase,
tex! can be typed in or loaded from a DOS 33
disk file. You also have the option of saving text
memory 1o disk or viewing lext memory on the
screen. All packages allow you lo choose
exlended sound spacing (1.e., spacing between
dots and dashes within a character) and trans-
mission tone frequency. the "+ packages also
have extended character and word spacing
capabilittes The more complex packages

include color graphics, but you don't need a
color monitor to use the graphics modes The
Fundamental and Fundamental + versions
come with an 18-page abbrievated manual. All
other packages come with a 33-page detailled
manual which describes all the modes and fea-
tures, and includes basic lesson plans. For more
information on the ditferent packages and their
capabilies contact: Laresco, POB 2018 1200
Ring Road. Calumet City. llinois, 60409
Phone: (312)891-3279
Ittook me a few hours of playing around with
the program and its various options to realize
all it could do for me. I'm not very “compuler liter-
ate” so there were a few things that | had to learn
by trial and error My biggest mistake was in not
taking the time to sit down and read the man-
ual thoroughly
On the whole, however, | think the “Code
Machine" 1s a useful tool for learning the code
Depending on the package you choose, you
have several different ways to learn. But you don't
have to take my word for it' My eight-year-old son
dropped by my office while | was playing with
the program. Within 15 minutes of using "Morse
The Code Machine' he recognized many more
letters than he had when he started. and it took
some persuading so | could get in on the fun too!
de KAISTC

NEW PRODUCGTS

Packet Talker

Er\glneerrng Consulting announces the
'Packet Talker” model PKTA for the Commaodore
64 and compatible computers. The PKTA uses
software lo convert ASCIl messages into speech
Messages can be stored in bulletin board for
mat for up to 300 users; they can be retneved
by preassigned louchtone access commands
Each message is spoken over the air from the
computer’s voice synthesizer Use the Packet
Talker with repeater controllers to add a talking
packet bulletin board, or hear messages from
a personal mobile packet terrminal

The PKTA can link a packet TNC with any
voice repeater Hardware and software are
provided for interfacing to the C-64. Audio from
the TNC and PTT circuits of the transceiver com
bine with the computer's voice allowing conven
tional packet commumcatons and voice retneval
of messages on request

A similar option (PK8 and PK1) is available for
Ultira ComShack 64 repeater controllers. When
used with the Ullra, the Packel Talker allows com
plele repeater control, remote screen transfer of
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all active paramelers. voice messages. and
remote programming of all parameters from any
off-site TNC terrminal

The model PKTA Packet Talker sells for
$18995 and 1s avallable from Engineering Con
sulting. 583 Candlewood Street, Brea. Califor-
nia 92621 Phone (714)671-2009 or FAX
(714)255-9984

New Field Calibration
Power Sensor

Bird Electronic Corporation has announced
the model 4029 Power Sensor Calibrator for use
with their 4420 series RF power meters. With a
CRT terminal or a PC with a serial port, the 4029
provides in-field calibration of 4420 power meters
1o within +3 percent of a known RF standard

The 4029 supplies a menu-driven protocol o
the terminal to aid in the calibration process You
drive a 4020 series RF power sensor connected
to the calibrator with a known amount of RF
power al a specific frequency, and enter the

power level into the terminal keyboard. The
calibrator calculates and stores a correction fac-
lor in the power sensor's memaory for that fre-
quency

Bird also has the model 4024 Directional
Power Sensor, the lalest addition 1o the 4020
senes of Thruline® design RF sensors. The fre-
quency range of the unit1s 1510 32 MHz at up
to 10 kW. Other sensors in the sernes cover
ranges from 1810 32 MHz and 25 1o 1000 MHz
alupto 1 kW All 4020 models are uncondition-
ally guaranteed for life



COMPUTER SOFTWARE

Low BAND DX-ING COMPUTER

PROGRA

by John Dovoldm ON4UN - 30 programs for
Apple II, MS-DOS, ‘Commodore C-128 and

Kaypro CPM Computsn

Just about every inferest or need is covered—lrom antenna oe-
sign and optimization to general operating programs. Antenna pro-
grams include: shunt and series input L network design, feedline
transformer, shunt network design, SWR calculation, plus 11 more!
General Ham programs include: sunrise/sunset, great circle dis-
tances, grayline, vertical antenna design program, sunrise calen-
dar pius 9 more! © 1986

CJUN-Apple Il $39.95
DUN-MS (MS-D0S) $39.95
DUN-CPM/Kaypro $39.95
UN-C-128 (COMMODORE C128) $39.95
CUN-MAC (MACINTOSH) $49.95

SKYCOM 1.0 software for MS-DOS & MAC
by Paul Schmid, WAHET

Worldwide HF predictions from your city or town using the latest
in propagation technology. Tells you when and on what frequen-
cy to tune your radio to work DX. Also takes into account total
path loss for maximum usefulness. Available in both Macintosh
and MS-DOS formats.

OES-MS (MS-DOS) $49.95
CIES-MAC (MACINTOSH) $49.95

DX WINDOW for MAC

by Paul Schmidt, WAHET

Use your Macintosh to determine greyline openings for stations
around the world. Automatically calculates sunrise or sunset times
for aver 400 locations on the giobe. Invaluable aid for lowband
DX'ers. Requires Mac 512 or later.

CJES-DX (MACINTOSH) $59.95

By

11 111! chip Lohman

ORTA NN4Y FOR C-64
AMATEUR RADIO COMPUTER SDF TWARE

MASTER LOG New Version

Master Log creates a file of 2100 individual records with up to
13 ditferent entries per record. It can do a search and select based
upon time, frequency, mode and keeps track c¢f DXCC and WAS
status, pnms OSL labels and can search |ts whole file in less than
5 is d to help you learn
and use mts truely state-of-the-art togging program. ©1988.

TIHD-ML (For C-64) $28.95
SUPER LOG

Super Log gives you all the advantages of a computerized data
base without significantly changing the traditional log format. Super
Log also allows you to print out either selected contents or the
whole log. Will print QSLs.

$19.95

CIHD-PC (For C-64)
CONTEST LOG

This disk contains four different contest programs; ARRL Sweep-
stakes, Field Day, Universal WW Contest log, plus a dupe check-
ing routine. Automatically enters date, time, band and serial number
for each contact. When the contest is over, the program will print
your results listing all duped and scored contacts in serial sequence
with all the necessary information as well as completed score at
the bottom of the page.

$24.95

CJHD-CL (For C-64)

HAM RADIO’S
BOOKSTORE

Greenville, NH 03048 « (603) 878-1441

RF-CAD ELECTRONICS DESIGN
PROGRAM — Version 3.7 Includes
Intermoduiation and Distortion Program
by Jos Reliser, W1JR and Gary Field, WA1GRC
For IBM PC and compatible computers
This software package has been written by electronic engineers
and contains nearly 40 tested and proven programs. Emphasis
has been placed upon ease of use. Programs include: Filters, LC,
active- LP, HP, BP; Inductor design, torroid, solenoid, straight wire;
Matching networks; Crystat osciltators; Microstrip; Transmission
lines; Antennas, Yagi-Uda, heiix, dish, horn, element scaiing; Pi
and T attenuators. Also included: Radio Path calculations; FM
dulation analysis, Miscel [+ . Geostationary sat-
ellite pointing; Maon tracking aids; Receiver naise figure calcula-
tions and Spurious receiver response prediction. Requires (BM-
PC with at Jeast one floppy drive and 128k of RAM. © 1985

CIRF-CAD (MS-D0S) $39.95
DX EDGE MS-DOS AND C-64 software

Particularly heipful in determining long path and grey line open-
ings. Super fast speed and dazzling graphics make this program
a treat to use. The MS-D0S version also includes a close up (zoom}
feature for detailed examination, a MUF calculator and a great cir-
cle bearing routine. All call sign prefixes and coutry names are
built into the data base for easy pinpointing of locations. MS-DOS
version also color compatible. Requires 2 disk drives, 348k of mem-
ory, Hercules, CGA or EGA graphics and DOS 2.1 or later.

[OXN-DOS (1BM or compatible computers)  $34.95
(JXN-C64 (C-64 computer) $34.95
CIXN-OX (slide rule version) $22.95

Please enclose $3.75 shipping & handling
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P.0O. Box 1111-H
PLACENTIA, CA S2670
M14-632-7721

IF YOU ARE INTO ELECTRONICS AND SAVING MONEY IS IM-
PORTANT TO YOU, THEN YOU OWE IT TO YOURSELF TO TRY

NUTS & VOLTS MAGAZINE.

DISCOVER WHY THOUSANDS OF

SMART PEOPLE NATIONWIDE TURN TO NUTS & VOLTS EACH

MONTH TO MEET THEIR ELECTRONIC NEEDS.

WHETHER

YOU’RE BUYING, SELLING, OR JUST
TRYING TO LOCATE THOSE UNIQUE
OR HARD-TO-FIND ITEMS, FIND OQUT

Subscription Rates
U.S. FUNDS REQUIRED

3rd Class Mail - USA
One Year
Twa Years
Lifetime
1st Class Mail
One Year - USA .. .$20.00
Canada & Mexico . . $22.00
City Air Mail
State Zip Foreign - 1 Year ...$55.00
Card No. Includes one _FBEE 40-word
CALL FOR ADVERTISING INFORMATION Classified Ad
DISTRIBUTOR INGQUIRIES INVITED

A National Publication For The Buying And Selling Of Electronic Equipment

HOW NUTS & VOLTS CAN HELP!

SUBSCRIBE TODAY!
00 CHECK [ MONEY ORDER 0O VISA 0O MC
Name
Address

Exp. Date




When performance & price really count...

RYSTEK
RYSTALS

=t ol A i i o e

The pulse ol dependable communications

QUARTZ CRYSTALS FOR
Industrial Equipment/Instrumentation

o Micro-processol control

For Optimum

* Medical Stability and

General Communications Reliability in

o Channel element Service (VHEZURE) Frequency

: l..:.rl',:l:l Ii‘,-‘l:\d-ll- 2 way ManagemEnl

& MonitorSScanners P aces e AT L
Amateurs/2-Meter/General Coverage
CB/Hobbiest/Experimenter ] P

The Pulse of Dependable Cmnmumcatlons...
: s PREE o 1 B htvairomansduSabae Clmmiturrdoc e

e thes nisw 16 g

W art oyl it 1 ¢ . & i
CRYSTEK CORPORATION
DIVISION OF WHITEN HIORATION 1 Crystal Drove = Fr. Myers, FL 33907
PO Box 06135 « . Myers, FL 339066135
SPEED-X TOLL FREE 1-800-237-3061
PH 813-936-2109/TWX 510-951-7448/FAX 813-939-4226
TOLL FREE IN THE LL.S.A. EXCEPT FLORIDA, ALASKA, HAWANI

» 179

ANTENNA ANALYSIS

The new MN program will analyze almost any antenna
made of wire or tubing. Compute forward gain, F/B, -

SMART REPEATER & LINK CONTROLLER

beamwidth, sidelobes, current, impedance, SWR .
fields A far-fields, in free space or over realist * REPEATER & LINK COURTESY TONES
modeled earth. Plot antenna radistion patterns on your L) #2ma @12V

. TONES
|:r.mhu s ncreen. MN can compute the interaction among F |
several nearby antennas. The 5-1/4" MN disk contains *5 BASE
over 100 files, including libraries of antenna and plot
files, o file editor, and extensive documentation. MN s PH10/8 BOARD

an enhanced, easy-to-use version of MININEC for IBM
PC. 876 (380 CA & foreign)

YAGI OPTIMIZER

The remarkable new YO program automatically adjusts
Yagi element lengthe and spacings to maximize forward

SRC+10 — $140.00/PH10/8 — $39.00
REPEATER/LINK AUDIO MIXER INTERFACE
-‘l’mll.“ AUDIO OUTPUTS
-crau%'onunmw

rain, optimize pattern, and minimize SWR. Radiation H W RW
patterns at band center and edges are updated on your - 10 “.TE::‘CE
sereen during optimization. YO is extremely fast, com . MIX/ MO
puting several trial Yagi designs per second with BOST MUTE CONTROL
YO is a complete Yan design package for 1BM-PC, "M 10 ‘i m e '“ w
containing models for gamma and hairpin matches, ele- ASSEMBLED & rgm
ment tapering, mounting plates, and frequency scaling
ONE YEAR WARRANTY

A library of Yagi files and extensive documentation are
included. $90 (395 CA & foreign)
To order, send a check o,
Brinn Beezley, K6STI, 507-1/2 Taylor, Vista, CA 82084

CONTROL PRODUCTS
Avenue
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NEW PRODUCTS

For further information contact Bird Electronic
Corporation, 30303 Aurora Road, Cleveland
(Solon), Ohio 44139 Phone: (216)248-1200

Circle #301 on Reader Service Card.

AVCOM'’s PSA-65A Portable
Spectrum Analyzer

AVCOM introduces its portable spectrum
analyzer, model PSA-65A. It covers frequencies
through 1000 MHz in one sweep with a sensi
tivity greater than —90 dBm al narrow spans
The lightweight battery or line-operated spec
trum analyzer 1s for two-way radio, cellular, cable
and other uses. Options include lrequency
extenders to enable the PSA-65A 1o be used al
Satcom and higher frequencies, audio demod
for monitoring, log penodic antennas, and car
rying case For brochure and spec sheet con
tact AVCOM of VA, Inc., 500 Southlake Boule
vard, Richmond. Virgima 23236, Phone
(B04)794-2500, FAX (804)794-8284, or TLX 70
1545 AVCOM UD

Circle #302 on Reader Service Card.

Antenna Specialists
Company Catalog

The Antenna Specialists Company has
released a new Amaleur Radio products cala
log, no. HM-1001. It lists over 30 models of
mobile antennas, base antennas, power divid-
ers, and RF power amplifiers. Included are the
patented DURA-FLEX® neoprene elastomer
shock spring models, and On-Glass® window
mount mobile antennas. A copy of the catalog
is available from The Antenna Specialists Com
pany. 30500 Bruce Industrial Parkway, Cleve
land, Ohio 44139-3996. Phone: (216)349-8400
or FAX (216)349-8407

Circle #303 on Reader Service Card.

Phillips Drivers Tooled for
Foreign Electronics

Jensen Tools offers a set of six Phillips screw-
drivers tooled for Japanese, European, and
other foreign equipment. These Telvac drivers
are made of hardened steel with standard grip,
acid-resistant plastic handles. The set, priced at
$12.95, s featured in Jensen's free 1989/90 cata-
log

For more information write or call Jensen
Tools, Inc., 7815 S. 46th Street, Phoenix, Arizona
85044 Phone: (602)968-6231

Circle #304 on Reader Service Card.



KT, oNLY $675
wirep $975
VHF OR UHF

FEATURES:
* SENSITIVITY SECOND TO NONE! GaAsFET front end on vhf
models gives 12dB SINAD of @.12uV (vhf), 0.15uV (220). UHF model
0.25uV std, @.1uV with optional helical resonator preamp.
*SELECTIVITY THAT CAN'T BE BEAT! Both B-pole xtal filter &
ceramic filter for > 10@dB at only + 12kHz. Helical resonator front
end to combat desense & intermod.

«CLEAN, STABLE TRANSMITTER, up to 18W output standard; 50W
with accessory power amplifier.

*FCC TYPE ACCEPTED for commercial high band and uhf,
*Courtesy beep, field-programmable CWID, flutter-proof squelch,
automatic frequency control to compensate for off-frequency trans-
mitters (all standard features).

*Full range of options available, such as autopatch, phone line or
radio remote control, sub-audible tones, duplexers.

*FM EXCITERS:

Kits $99, Wit $179. 2w
continuous duty. TCXO &
xtal oven options available.
*TA51 for 10M, 6M, 2M,
150-174, 220 MHz.
*TA451 for uhf.

FCC type accepted for commercial bands.
=Call for latest information on 9@ MHz transmitters.

*VHF & UHF AMPLIFIERS. For FM, SSB, ATV. Output from 10
to 50 Watts. Several models, kits starting at $79.

*R144/R220 FM RECEIVERS for 2M,
150-174, or 220 MHz. GaAs FET
front end, @.12uV'sensitivity!
Both crystal & ceramic

filters plus helical resonator

front end for exceptional
selectivity: > 100dB at + 12kHz
(best available anywhere)!
Flutter-proof squelch. AFC tracks
drifting transmitters.

Kit$149, wit $229.

*R451 UHF FM RCVR. Similar to above. Tuned line front end,
0.25uV sens. (@.1uV with optional hel. res. preamp). Kit $149,
wit $229.

*R901 FM RCVR FOR 900 MHZ. Triple-conversion, GaAs FET front
end, 0.2uV sens. Kit$169, wit $259.

*R76 ECONOMY VHF FM RCVR for 10M, 6M, 2M, 220. Without hel
resorafc. Kitsonly $129.

*Weather satellite & AM Aircraft receivers also avail.

LNG -(*)
GaAs FET
PREAMP

onLy $59!

Wired/tested

FEATURES:

*Very Low Noise: @ 7dB VHF 0.8d8 UHF
*High Gain: 13-20dB, depending on frequency
*Wide Dynamic Range: 1o resist overload
sStable: new-type dual-gate GaAs FET

* Specify turing range deswed 26-30, 46-56.
137-150. 150-172, 210:230, 400-470, or
800-960 MHz.

LNW -(*)
 MINIATURE

GaAs FET
PREAMP

onLY$ 24 /i,
P39 wiredntested
GaAs FET Preamp

similar 1o LNG, except designed for low cost
& small size. Only 5/8"W x 1-5/8"L x 3/4"H
Easily mounts in many radios.

* Specify tumng range desired 25-35, 35-55.
55.90, 90-120, 120-150, 150-200. 200-270,
or 400-500 MHz.

FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE
FOR HIGH-BAND AND UHF. CALL FOR DETAILS.

LNS-(*)
IN-LINE
PREAMP @ 4 @

onLy $79/kx, T
$99 Wired/tested

GaAs FET Preamp with features similar to LNG
series, excep! automatically switches out of
line during transmit. Use with base or mobile
transceivers up to 25W.

*Specily tuming range desired 120-175
200-240. or 400-500 MHz

Low-noise preamps with helical resonators
reduce intermod & cross-band interference in
cnitical applications

MODEL HRA-{*), $49 vhf, §84 unf

* Specily tuning range desired: 142-150, 150-
162, 162-174, 213-233, 410-454, or 454-475.

COR-3 REPEATER CONTROL-
LER kit. Features adjustable tail

& time-out timers, solid-state
relay, courtes baep and local
speaker amplifier. . .

CWID kit. Diode programmed,
adjustable tone, spead and timer,
to go with COR-3. . v 359

NEW COR-4 kit. Complete COR
and CWID all on one board for
easy construction. CMOS logic
for  low r consumption,
Many new Jaatums. EPROM pro-
grammed; specify call letters..$99

NEW TD-3 SUBAUDIBLE TONE
DECODER/ENCODER kit. .. $24

TD-2 DTMF DECODER/CON-
TROLLER kit. Full 16 digits, with
toll-call restrictor, programmable.
Can turn 5 functions on/off. Great
for selective calling, too! .........$79

AP-3 AUTOPATCH kit. Use with
above for repeater autopatch.
Reverse patch and phone line
remate control are std. ..........$79

AP-2 SIMPLEX AUTOPATCH
Timing Board kit. Use with above
for simplex operation. ............$39

MO-202 FSK DATA MODULA-
TOR kit. Run up to 1200 baud
digtal signals through any fm
transmitter with full handshakes.
Radio link compmers ta!emelry
gear, etc. . . ..$39

DE-202 FSK DEMODULATOR
kit. For receive end of link. ....$39

9600 BAUD DIGITAL RF LINKS.
Low-cost  packet networkigg
system, consisting of new MO-

Modem and special versions of
our 220 or 450 mHz FM Trans-
mitters and Receivers. Interface
directly with most TNC's. Fast,
diode-switched PA's output 15 or
50W. Call for info on the right

system for your application!
1
' 1:413;

- Antenra Receiver

- ingut Raage  Output

2837 14448

5082 280

3054 144148

VHF 136138 380
MODELS s “‘, b

KitwithCase ~ §59 14 g
WitlessCase  $33 330 :;i e

Wiredwicase  $89 222374 2830
432434 w30

UHF MODELS
ot s437 830
KiwithCase  $69 $330%0 jaanras
Wit less Case $49  aazam 5054
439 28 6128
Wi wicase §99 B079I8 422448
902922 430450

See catalog for full line of 2w transmitting
comverters for vl & uhf. Kits only $79.
Linear Amplifiers avail. up to 50 w

v 178




* Exclusive center “off" (ground) position
internally disconnects and grounds all
antenna circuits for maximum protection
when operator is away from the station
— an Alpha Delta first!

Incorporates the famous replaceable Arc-

Plug* cartridge for continuous protection

of the active antenna circuit. Unused

antenna circuits are automatically
grounded — an Alpha Delta first!

* The Model DELTA-4 Switch features a
custom designed cast housing with
constant impedance micro-strip cavity
construction for outstanding performance
through UHF. No lossy wafer switches

.

* Positive detent roller bearing switch
drive tells you which position you're in
. . . without guessing . . . without looking.
* DELTA-4 handles full legal power.
* Designed and produced in the U.5.A. by

are used. Alpha Delta.
Model DELTA-4 (UHF connectors, 500 MHz) . . .. ..574.95
Model DELTA-4/N (N-type connectors, 1.3 GHz) ... ... ....... 5$89.95

-

Available from your local Alpha Delta Dealer or direct. Add
$4.00 shipping and handling (U.5.A. only) Exports quoted.

See Data Sheet for surge limitations.

P.O. Box 571, Centerville, OH 45459 » (513) 435-4772 Orders
current solutions to current J[HUDILJI?’TS

v 182
THE RF CONNECTION

"SPECIALIST IN RF CONNECTORS AND COAX" — e I—
Part No Description Price 1
321110640 BNC 2 PST 28 valt coaxial relay, :

Amphenol H

Insertion loss; 0 to 0.75GHz, 1

0.1048 H

Power rating: 0 to 0.5GHz, 100 :

W, 2 kw peak . ) )

;::‘:"2. nz_j m::m 0.2 GHy $25 used : l"ﬂClDly Authorized Dealer & Service For

40db, 0.4 GHz/I5d0 lested
83.822 PL-259 Tetlon, Amphenol 175 = K E Nwoon
PL-258/ST LIHF Male Sitver Teflon, USA 150 | ]
UG-210/U N Male RG-8. 213, 214, Amphenol 325 = YAESU
UG- 218/U N Male RG-8, 213, 214, Kings 400
9913/PIN N Male Pin for 9913, 9086, 8214 = ICOM

fits UG-21D/U & UG-21B/U N's 150 i I
UG-210/9913 N Male for RG-8 with 9913 Pin 395 L
UG-218/8913 N Male for RG-8 with 9913 Pin 575 H Call Us For
UG- 146A/U N Male to S0-239, Teflon USA 6.00 it Great Prices & Great Service
LG-B3A/U N Female to S0.239, Teflon USA 600 :

“THIS LIST REPRESENTS ONLY A ’
FRACTION OF OUR HUGE INVENTORY" . TOLL PN DRCEN LIME - LA0245-3 144
]

THE R.F. CONNECTION Y m ENTER
213 North Frederick Ave. #11 i THERFR=IW CENTER
Gaithersburg, MD 20877 H sALEs AMATEUR RADIO SERVICE

| 5707A Mobud  San Antorsg, T TRZI8 (512) 680 6110
(301) 840-5477 ; e e
VISA/IMASTERCARD: Add 4% T - - -

Prices Do Not Include Shipping
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New Products

MFJ Offers Code Practice
Oscillator

MFJ Enterprises, Inc., announces ils new
MFJ-557 deluxe code praclice oscillator for
$24.95. It features a straight Morse key and a
code oscillator with a built-in speaker, mounted
together on a non-skid heavy steel base. A vol-
ume control lets you adjust it from barely audi-
ble to full sound. A tone control gives you a wide
tone adjustment. An earphone jack is included

The oscillator runs on a 9-voll battery (nol
included) or 110 volts AC with an optional power
supply ($9.95) that plugs into a jack on the side
of the MFJ-557. The straight key features screw-
adjustable contacts and can be hooked to your
transmitter and used for sending code over the
air. The measures 8-1/2 x 2-1/4 x 3-3/4 inches
It comes with MFJ's one-year unconditional
guarantee

For more information contact MFJ Enterprises,
Inc.. PO Box 494, Mississippi State, Mississippi
39762. Phone: (601)323-5869. To order, call toll
free (800)647-1800

Circle #305 on Reader Service Card.

New Software
Logging Program

"Hamlog" 1s a new modular auto-logging soft-
ware program by Ernest Sandoe. KA1AWH

This stand-alone user friendly program has
over 17 modules and can be supplied to run in
Turbo BASIC or MS/PC BASIC for IBM compat-
ibles. Il works well on 64K

"Hamlog" is also available for over 130 differ-
ent computers using the CP/M operating system,
and for Apple computers using Apple BASIC.

An optional QSL label writing program is avail-
able for $5 plus $2 shipping and handling

Send $24.95 ($19.95 for Apple version) lo Er-
neslt Sandoe, KA1AWH, POB 2015, Peabody
Massachuselts 01960, (Massachusetts residents
include 5-percent sales tax.)

Circle #306 on Reader Service Card.



The Weekender

Thomas V. Cefalo, Jr., WATSPI, 29 Oak Street, Win-
chester Massachusetts 01801

he immediate brake engagement that may occur
when a rotation motor is de-energized is a problem
common to some rotors. It doesn’'t usually present
much trouble with a light antenna load, but with larger loads
the additional stress applied to the rotor and the tower can be
damaging. To avoid this possibility, manufacturers have incor-
porated a separate brake control into their rotor control units
which lets the operator manually operate the brake. This
solves the problem for the most part, unless the operator
should accidentally engage the brake while the antenna is
turning.
I've designed a circuit that automatically delays the rotor
brake, giving the antennatime to stop turning. I'lldescribe its
operation and construction here.

Theory of operation

The circuit shown in Figure 1 is used with a Cornell-Dubilier
HAM {I/CD44 rotor system. The circuit is run by a separate
power supply. Using the separate power supply cuts down
onthe number of modifications you need to make to the con-
trol unit, and leaves the original circuitry pretty much intact.
| used CMOS integrated circuits to reduce the power require-
ments and provide a higher noise immunity.

Delay circuit operation is simple and straightforward.
NAND gates and a multivibrator are the main components
performing the delay function. The logic timing diagram is
shown in Figure 2.

The brake switch is connected to a latch composed of two
NAND gates (U2A and U2B) to debounce the switch con-
tacts. U1 isamultivibrator configured for monostable opera-
tion and triggered from the rising edge of a pulse. One out-
put of the latch (pin 3) is connected to the positive trigger input
ofthe multivibrator. The gate inputs for U2C of brake relay RY1
are connected to pin 3 of the latch and the inverted output
of the multivibrator. When the brake switch is depressed, pin
3 of the latch transitions to a low, which forces the output of
U2Cto ahigh state. This causes transistor Q1 to become for-
ward biased, turning on brake relay RY1. The relay contacts
are connected in series with the primary of the rotor control

AUTOMATIC ROTOR
BRAKE DELAY

unit's power transformer, disengaging the brake when power
is applied.

The other output of the latch (pin 4) is connected to the
switching transistor Q2 of the second relay RY2. This relay
guarantees that the rotor’s motor is switched off when the
brake switch is released. When the brake switch is depressed,
pin 4 ofthe latch transitions from alow to a high. This forward
biases the transistor turning on RY2, making power available
to the rotation motor’s direction switches. You can rotate the
antenna with the brake disengaged by depressing the con-
trol unit direction switches.

The direction and brake switch can be released simultane-
ously, justasthe antennareachesthe location you've chosen.
As you release the brake switch, pin 4 of the latch transitions
to alow level; this switches RY2 off and disconnects the power
to the motor. Atthe same time, pin 3 of the latch transitions to
a high level. The multivibrator triggers from the rising edge,
causing Qto pulse (see Figure 2). The externaltiming capac-
itor and resistor determine the width of the pulse and the brake
remains disengaged for the duration. When the pulse-timing
constant has elapsed, Q switches back to a high level and the
output of U2C transitions to a low. This turns the brake reiay
off, and the brake engages.

The brake is delayed by the width of the multivibrator's
pulse. Because the antenna has stopped turning inthe mean-
time, no damage is caused whenthe brake engages. Youcan
adjustthe delay from approximately 10 3.5 seconds. Usethe
following guidelines: Cx>1000 pF, and 10k < Rx < 1 meg, to
obtain other delay times from Equation 1.

Td = 2.48 X Rx xCx (1

To prevent the brake from disengaging on power-up, | con-
nected an RC network to the master reset input (pin 9 of U1).
This network generates a pulse when power is first applied,
causing the multivibrator to reset. This forces Q to remain high.
I've also included an LED, which indicates the status of the
brake.
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FIGURE 1t

T1 IN4001 12V REGULATOR
BLK/WHT GRN
TO POINT 4 +12VDC OUTPUT
+
CONNECT TO 220uF 0.luF
35v
mmvsr%t;;i: YEL TO CONTROL
PRIMARY (120WC) 80X COMMON
In4001 12V R ANSFORMER
70 POINT B §— NOTES: ARy 120wac
8LK/RED  RED T1 = STANCOR TP-Z POWER TRANSFORMER
Ul = MULTIVIBRATOR weoor Urr TO POINT ¢
UZ = 2~INPUT QUAD NAND
RY1:275-219, RY2:275-248 (RADIO SHACK) :
RESISTORS 1/4W ¥ 5% CARBON .
12v
I 4ouF 70 POINT D
* Q!
S10k 0-1uF nu_ —_— 2N3904
1 o Cx l_ - 15k
14 3 |
—_——— = _] Yoo I c 10 s
4 100k 9
1 | £l pusenf? VW B |
E1 8
e e e | |
sRAKE | | axlZ — g |
wITC, | - Ul! -[__}DELAY |
swirenl 17" coeoer |, IS\ o1 ) 12 | N son
MR 4 .
| [ 5 a0 7 A "| —o 12v
' 0.047uF
| | Yss s bz I graxe
| ' | 7 iz | coaons | STarus
l l 31k L . _J
kg ]
i | 7 IN4001 $\RYZ
'_J-.ro POINT E
)
[}
12v 0z
2N3904 [“-'.
22k TO POINT F
To POWER
TRANSFORMER
SECONDARY 32VAC

Brake delay and power-supply schematic.

FIGURE 2

pe—~Td —of
BRAKE SWITCH —— [——————
LATCH UZ PIN 3 d i

1}
i 1
]

Qul PIN1I

BRAKE RELAY _____|

BRAKE SWITCH e

LATCH U2 PIN 4

[]
MOTOR RELAY ____ I

Logic timing diagram.

The power supply is a standard full-wave center-tapped rec-
tifier with a secondary rating of 26-volts CT. It provides a max-
imum current of 150 mA. The delaying circuit draws a maxi-
mum current of 106 mA. Use any type of power supply that
fitsinthe control box and supplies the current required by the
delay circuit.

Construction
| built the circuit on a 3-1/2” x 2" vector pc board using

90 Ham Radio/August 1989

point-to-point wiring. Both the delaying circuitand the power
supply (except for transformer T1) reside on the vector board.
linserted push-in type solder lugs into the board to provide
a point for external wire connections.

I mounted the transformer in the upper section of the con-
trol unit’s chassis on two 1/4” standoffs. | placed it at the end
of the switching levels next to the meter transformer. The pc
board is attached to the bottom of the chassis under the meter
transformer with four 1/4” standoffs.

You can mount the brake status LED on the front panel. If
you put it between the on/off and calibration switch it will be
convenient and easy to see.

Wiring

Figure 3 shows the wiring details for installing the delaying
circuit into the control unit. Remove the two wires from the
brake switch and connectthemtothe RY1 contacts. Connect
the common side of the brake switch to ground. Run a wire
from the normally open terminal of the brake switch to pin 6
of U2B, and connect a wire from the normally closed termi-
nal to pin 1 of U2A.

Locate the wire connected to the common terminal of both
direction switches. Remove this wire from the direction switch
and attach it to one of the switching contacts on RY2. Run a



FIGURE 3
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Control unit wiring modifications.

wire between the other contact on RYZ2 and the common ter-
minal of both direction switches.

Connectthe primary leads of power transformer T1* in par-
allel with the primary of the meter transformer. Now connect
the secondary leads of T1 and the leads forthe LED tothe pc
board. Finally, mount the common ground of the delay circuit
to the control unit’s chassis ground and the system is ready
to use.

Conclusion

The delay circuit provides a simple solution to a problem
that could resultin some costly damage to your antenna sys-
tem. The circuit prolongs rotor life because it eliminates the
stresses associated with sudden stops. From the operator’s
standpoint, the control unit operates just as it did originally;
however, the brake can no longer be accidentally or incor-
rectly engaged.

The modifications have a minimalimpact on the control unit
and the circuit is easy to build and install. Although the sys-
tem | described is used with the CD44, you can adapt the cir-
cuit for other rotor systems using controllable brakes.

*Radio Shack carries a transformer (P/N 273-13686) rated at 25.2 volts CT at 450 mA. Dig-Key car-
ries a similar transformer (P/N T105-ND) rated at 28 volis CT at 160 mA. £d.

WEATHER
SOFTWARE

ACCU-WEATHER FORECASTER is a menu driven pro-
gram that allows the users to tap into Accu-Weather's
extensive computerized database. In addition to Accu-
Waeather’s forecasts, you can get hourly updates from National Weather
Service Offices nationwide.

Maps, graphs, pictures, charts, and narrative descriptions are just part
of what can be downloaded to your MS-DOS computer. To save
telephane and hook-up charges, tell your computer first exactly what
information you want. Then call ACCU-WEATHER; the computer will
download the files you want and save them to disk. Information can be
obtained for the entire United States or a specific geographical region.

Several different services are available from ACCU-WEATHER. Price
varies with the service and time of day that the computer is accessed.

$89.95
$89.95

2 MC-IBM
< Z MC-MAC

Please enclose $3.75 shipping & handling

WAYo BOOKSTORE ==

GREENVILLE, NH 03048 603-878-1441
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HAM MART

Ham Radios guide to help you
find your local Amateur Radio
Dealer

CALIFORNIA

ATECH ELECTRONICS

1033 Hollywod Way

Burbank, CA 91505

(818) 845-9203

New Ham Store and Ready to Make a
Deal!

JUN'S ELECTRONICS
3919 Sepulveda Blvd.
Culver City, CA 90230
(213) 390-8003
(800) 882-1343 Trades
Habla Espanol

COLORADO

ALLIED APPLIANCE & RADIO

4253 South Broadway

Englewood, CO 80110

(303) 7617305

1 (800} 321-7305 (Orders only)

Rocky Mts Amateur/Shortwave Specialists,
TenTec, Yaesu, JRC-NRD, Sony , MFJ,
KLM, and other fine gear New and used.

Visa/MC. Antennas, books, discount prices

toot

COLORADO COMM CENTER
525 East 70th Ave.

Suite One West

Denver, CO 80229

(303) 288-7373

(800) 227-7373

Stocking all major lines

Kenwood Yaesu, Encomm, [COM

CONNECTICUT

HATRY ELECTRONICS

500 (edyard 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, TenTec, 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 full service
Amateur Radio Store.

Hours Man -Fri. 9-5:30, Sat. 9-3

AMATEUR ELECTRONIC SUPPLY
621 Commonwealth Ave.

Orlando, FL 32803

(305) 894-3238

Fla. Wats: 1 (800) 432-9424
QOutside Fla: 1 (800) 327-1917
Hours Mon.-Fri. 9-5:30, Sat. 9-3

HAWAII

HONOLULU ELECTRONICS

819 Keeaumoku Street

Honolulu, Hi 96814

(808) 949-5564

Kenwood, ICOM, Yaesu, Hy-Gain, Cush-
craft, AEA, KLM, Tri-Ex Towers, Fluke,
Belden, Astron, etc.

IDAHO

ROSS DISTRIBUTING COMPANY

78 South State Street

PO. Box 234

Preston, 1D 83263

(208) 852-0830

Mon. 9-2; Tues.-Fri. 9-6; Sat. 9-2

Stock All Major Brands

Over 7000 Ham Related ltems on Hand

ILLINOIS

ERICKSON COMMUNICATIONS, INC.
5456 N. Milwaukee Avenue

Chicago, IL 60630

(312) 631-5181

Hours: Mon, - Fri. 9-5:30, Sat. 9-3

INDIANA

THE HAM STATION
220 N. Fulton Avenue
Evansville, IN 47710
(800) 523-7731

(812) 422-0231

JCOM, Yeasu, TenTec, Cushcraft, Hy-Gain,

AEA & others.

MARYLAND

MARYLAND RADIO CENTER

8576 Laureldale Drive

Laurel, MD 20707

(301) 725-1212

Kenwood, TenTec, Kantronics. Full service
dealer.

Man.-Fri. 10-7, Sat. 9-5

MASSACHUSETTS

TEL-COM, INC.

675 Great Road, Rte. 119
Littleton, MA 01460

(508) 486-3400

(508) 486-3040 )
The Ham Store of New Engiand
You Can Rely On.

MISSOURI

MISSOUR! RADIO CENTER
102 NW Business Park Lane
Kansas City, MO 64150

(800Q) 821-7323

Missouri: (816) 741-8118
[COM, Kenwood, Yaesu
Same day service, low prices.

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

NEW HAMPSHIRE

RIVENDELL ELECTRONICS

8 Londonderry Road

Derry, N. H. 03038

(603) 434-5371

Hours Mon-Sat. 10-5; Thurs. 10-7
Closed Sun/Holidays

NEW JERSEY

ABARIS SYSTEMS

276 Oriental Place

Lyndhurst, NJ 07071

(201) 939-0015

Don WB2GPU

ARRL, Astatic, Astron, B&W, Belden,
Bencher, Hustler, Kenwood, Larsen, RF
Concepts, Tonna and much, much more!
Tues.-Fri. 10AM-7:30PM

Thurs. 10AM-9:00PM

Sat. 10AM-4:00PM

Visa/MC

KJI ELECTRONICS

66 Skytop Road

Cedar Grove, NJ 07009

(201) 239-4389

Gene K2KJ!

Maryann K2RVH

Distributar of: KLM, Mirage, ICOM, Larsen,
Lunar, Astron. Wholesale - retail.
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HAM MART

NEW YORK

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
280 Tiffany Avenue
Jamestown, NY 14701
(716) 664-6345

Open 8:00 AM 1ill 5:30 PM

ment. Western New York's finest Amateur

OHIO

AMATEUR ELECTRONIC SUPPLY
28940 Euclid Avenue

Wickcliffe, OH 44092 (Cleveland Area)
(216) 585-7388

Ohio Wats: 1 (800) 362-0290

Outside Ohio; 1 (B00) 321-3594
Hours Mon-Fri. 9-5:30, Sat. 9-3

DEBCO ELECTRONICS, INC

3931 Edwards Road

Cincinnati, OHIO 45209

(513) 531-4499

Mon.-Sat. 10AM-9PM, Sun.12Noon-6PM
We buy and sell all types of electronic parts

Evenings, Saturday and Sunday by appoint-

dealer. Featuring ICOM "The World System.”

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 1-270 and airport

PENNSYLVANIA

HAMTRONICS,

Div. of Trevose Electronics

4033 Brownsville Road

Trevose, PA 19047

(215) 357-1400

Same Location for over 30 Years

TEXAS

K COMM dba THE HAM STORE

5707A Mobud

San Antonio, TX 78238

(512) 680-6110

(800) 344-3144

Stocking all major lines. San Antonio's Ham
Store. Great Prices — Great Service. Factory
authorized sales and service

Hours: Mon.-Fri. 10-6; Sat. 9-3

MADISON ELECTRONICS SUPPLY
3621 Fannin

Houston, TX 77004

(713) 520-7300

Christmas?? Now??

MISSION COMMUNICATIONS

11903 Aleif Clodine

Suite 500 (Corner Harwin & Kirkwood)
Houston, Texas 77082

(713) 879-7764

Now in Southwest Houston—ifull line of
equipment. All the essentials and extras for
the “ham.”

WISCONSIN

AMATEUR ELECTRONIC SUPPLY
4828 W. Fond du Lac Avenue
Milwaukee, W1 53216

(414) 442-4200

Wisc. Walts: 1 (B00) 242-5195
Outside Wisc: 1 (800) 558-0411
Mon.-Fri. 9-5:30, Sat. 9-3

Dealers:

YOU SHOULD BE HERE TOO!
Contact Ham Radio now for
complete details.

“'ONLINE'" U.S. CALL DIRECTORY

Hamcall service gives you all hams via

your computer & modem. Updated each
month! Only $29.95 per year. Unlimited
use - you pay for phione call.

BUCKMASTER PUBLISHING
Route 3, Box 56
Mineral, Virginia 23117
703/894-5777 visa/mc  800/282-5628

.

The $259.95 Buller Tested QRV Solar Power Suppls L:rg Aour
repeater on the mir ‘round the clock or powers your 100w HF stanen
60 hrs a month. Control circuit speeds charge, proteces gel celly &
sealed bartenies. Fully assembled. QRV. portable. Easily expanded

AJd SIOSEM  Iata 81 n elmﬂSW’(‘Sf
(801)373-8425 ~fion 0062 5 rino UT e

w 174

Mobiler’s Dream!

Cun you use a6 dB stronger signal?

Would 50% more bandwidth be helplul?
Our SE-40 mobile antennag s the answer
Handles 600 watts for another 6 JdB

SE-40, 40 - 10 meters, SE-T5,75 - 15 metens

County Hunters Software

Designed by i top county hunter for county
hunters. Works on all IBM type computers

R-4C Enhancements

Write for catalog
From the performance company :

Sherwood Engineering Inc.
1268 South Ogden Streer, Denver, CO 80210
(303) 722-2257 Monday - Friday 2 AM. -5 P.M
Sales, Service, Installations available from:
Design Electronics Ohio, KNSZ, Do Sheller
(6 14) 830-5T 11 Diys, (614) 836-3376 Lvenings

LTA Industries, K311, Tim Duffy
(412) 528-9302 or (216) 533-7T916

PC HF FACSIMILE 4.0 $99

Actosl VGA Screen Photo
The best computer FAX system just got better!
m facsimlile reception system

for the

PC or Compatible. Recelves
up to 16 Intensity levels.
Includes

e g0 e M,
List Ini tion Guid
e
r..“"‘“"’" terpretal
Prlntsu:Epwn,or[IPl..lmrJet
sk ye.Zaom.l.n*lm.l.p rocessing
Unattended Image ugndmuhw

Software Systems Consulting
1303 S. Ola Vista, San Clemente, CA. 92672
(7F1A4)—aAODB— STE8
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FLEA
MARKET

RATES Noncommercial ads 10¢ per word;
commercial ads 60¢ per word both payable
in advance. No cash discounts or agency com-
missions allowed.

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 noncommercial 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 responsible 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: Fiea Market, Ham
Radio, Greenville, N. H. 03048.

BEGINNER’S RADIO CLEARINGHOUSE. On a space avail-
able basis, we are going to offer you, OUR SUBSCRIBER,
free of charge, a chance to find a home for your used equip-
ment with a new Ham. Please send us a short description of
what you want to sell along with price, name, address and
phone number. We'll run it once in a special section of the
classified ads under the heading of BEGINNER'S RADIO
CLEARINGHOUSE. Please fimit your ad to 20 words or less.

CUSTOM MADE EMBROIDERED PATCHES. Any size,
shape, colors. Five patch minimum. Free sample, prices and
ordering information. HEIN SPECIALTIES, Inc., 7960 SW
Manitou Trail, Glen Arbor, Ml 49636. (616) 334-4385.
HY-GAIN 2BDQ 40 & BOM shortened inverted-V, $25.
Mosley 20m 3-el beam (all s except elements/boom), $10.
D. Heise, AAGEE, 16832 Whirtwind, Ramona, CA 92065. (619)
789-3674 eves.

WANTED!! AEA MM-3 KEYER (The Morse Machine) serial
number 43 stolen from DEN-TRONICS' booth at the Dallas
Hamfest. Unit may be returned to either AEA of DEN-
TRONICS no questions asked. If not returned, surveillance
video tapes will be released to local law enforcement agencies.

COLLINS KWM/HF380 Repairs and discount accessories.
Kirby, KTWOC. (713) 320-2324.

SOFTWARE KAM—C-64. Does anyone know of any new soft-
ware for the KAM—C-64. Not KAMTERM. Please call or write
Luke, WBSJAP, 2109 Sandy Lane, Irving TX 75060. (214) 986-
5219 evenings.
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FLOOD YOUR MAILBOX! You get 100's of radio & electronic

& computer specialty catalogs. Send $10 with your name &

:ﬂd:rgss to: Electronic List Service, PO Box 1683, Brooklne,
2146

DIGITAL INDUCTANCE/CAPACITANCE meter as featured
in July 1988 Radio Electronics Magazine. Inductance from
00t uhy to 10 mhy, capacitance from 0.10 pf to 0.10 ufd
Automatic range, automatic zero, accuracy +/-3%. Assem-
bled $149.95, kil $129.95 (digilal frequency counter needed
during calibration). Add $5.00 shipping. SASE for detailed
specification. Almost All Digital Electronics, 5211—117th
Avenue SE, Bellevue, WA 98006.

WANTED: The UHF Compendium, Pt 1 & 2, by K. Weiner,
DJIHO. An, WELGQ, 34 Laurel Avenue, Petaluma, CA 94952
FOR SALE: Ail only two months old and in mint condition:
ICOM 3200A (with service manual), Kantronics KPC-4 (with
latest firmware), Astron 20A, Comet 2M/440 antenna, 40' coax,
and other goodies. $660 (firm). Will send COD. Richard.
WF7A, in callbook.

LASER COMPONENTS! Surplus tubes, power supplies,
optics. Build a working LASER for under $75.00. Free plans
with order. $1.00 (refundable) brings tist. FundServ, 1546D
Peaceful Lane, Clearwater, FL 34616.

WANTED: Swan 350 meter 0-800 on bottom. R. Mollentine,
WAOKKC, 7139 Hardy, Overland Park, KS 66204.
HT-CLONE BATTERIES: ICOM: BP-3S Doubte BP3 “'Wall
Chargeable'' $43.95, BPS $42.95, Yaesu: FNB2 $21.95, San-
tec 142/442/1200 (3 Pin) $22.95. “'Rebuilding: Send-Ur-Pack™
Icom B8P3 $20, BPS $28, BP7/8 $34, BP70 $30. Yaesu
FNB4/4A $37, Kenwood PB21 $18, PB25/H/26 $28, T-T 2991
$28. "'U-Do-It Repair Insens'’ icom: BP2 $18.95, BP3 $16.95,
B8PS $22.95 BP7/8P8 $28.95 Kenwood: PB2t $12.95
PB24/25/26 $19.95, Azden 300 $19.95, Yaesu: FNB4/4A
$32.95, Tempo: 51.2,4,5,15/450 $22.95, 12V/5Ahr Porta-Pac
wichgr $49.95, “'Antennas’’ 2mir 5/8-Tel/BNC $18.95 "“Tele-
phone/Pager & Commercial Packs' '‘Free Catalog’ $3 ship-
ping/order. PA +6%. VISA/MC +%2. (B14) 623-7000.
CUNARD ASSOCIATES, Dept H, RD 6, Box 104, Bedfora,
PA 15522

AVANTEX ATF10135, $12.00, MMIC's, P.C. board, SASE:
WA3IAC, 7148 Montague St, Philadelphia, PA 19135,
HAM SOFTWARE and other 'shareware” for IBM/compati-
bles. Large SASE for catalog. JK&S, POB 50521, indianapolis,
IN 46250-0521.

100 QSL CARDS $8. $3 thereafter. Grid square printed free
Shipped postpaid within two weeks. Guaranteed correct! Free
samples. Shell Printing, KD9KW, Box 508, Rockton, IL §1072.

NEED SCHEMATIC of Hallicrafter SX110 receiver. Will pay
reasonable price. A.T. Butler, 1157 Rivermont Drive, Mel-
bourne, FL 32935,

HAM RADIO. Complete run Volume 1, No. 1 (March 1968)
through May 1982. Very good condition. $95. W1JE, 6 Locust
Grove Road, Harwich, MA 02645

RADIO SHACK COLOR COMPUTER. Ham software and
hardware. Free catalog. Dynamic Electronics, Box 896, Hart-
selle, AL 35640. (205) 773-2758.

REPEATER JAMMERS? Pinpoint them with our '‘Handi-
Finder” — attaches to HT. Kits: $24.95, or less! Club project
discounts! NOARD, 29460-H Lorain, Cleveland, OH 44070.
(218) 777-9460.

HAM SOFTWARE IBM/Compatibles. 10 disks $26.95.
MC/VISA/Discover. NSABY EAPCO, Keller, TX 76248-0014.
(817) 498-4242.

WANTED: Old tube HiFi and studio components. loud-
speakers, turntables, related magazines etc. Most makes and
models, any condition. Jack Smith, 288 Winter Street, North
Andover, MA 01845.(508) 686-7250.

UHF TEST EQUIPMENT: Hewlett-Packard TS403 (6168).
UHF Signal Generator 1.8-4 GHZ $50. Jerrold VHF-UHF
sweap generators $50.00. Tektronix 861 dual trace scopes
(DC-. MHz!) no leads. $50. Avionics glide path and
localizer sig. gen. $75 checked; $40 unchecked. AUL 1-7 GHZ
sig. gen. $50. WW58, POB 480, Brookshire, TX 77423.

POLICE/FIREFIGHTER HAMS - Please send your Call, Name,
Address, Rank, Department Name, for inclusion in special ros-
ter available late 1989. Capt. Bob Blakeslee, N2IHQ, 1-1/2
Macomber Ave, Binghamton, NY 13301.

WANTED: Ham equipment and other property. The Radio
Club of Junior High School 22 NYC, Inc. is a nonprolit organi-
zation, granted 501(C) (3) status by the IRS, incorporated with
the goal of using the theme of Ham Radio to further and
enhance the education of young people nationwide. Your prop-
erty donation or financial support would be greatly appreciated
and acknowledged with a receipt for your tax deductible con-
tribution. Labor Day and the new term are aimost here. Do
it, don’t wait till the end of the year, make your decision to
donate that equipment now. We depend on you. Please write
us at: PO Box 1052, New York, NY 10002. Round the clock
hotline: (518) 674-4072. Thank you!

1BM-PC SOFTWARE FOR PK-232. New CompRity Il 1s the
complete RTTY/CW program for IBM-PC’s and compatibles.
Now with larger bufters, betier support for packet units, pic-
tures, much more Virually any speed ASCIl, BAUDOT, CwW
Text entry via built-in screen ediar! Adjustable split screen
display. Instand mode/speed change. Hardcopy, diskcopy,
break-in buffer, select cailing, text tife transfer, customizable
full screen logging, 24 programmable 1000 character mes-
sages. ideal for MARS and tratfic handling. Requires 256k PC
or AT compatibie, serial pon, RS-232C TU. $65. Send call let-
ters (including MARS) with order. David A. Rice, KC2HO, 144
N. Putt Corners Rd, New Paitz, NY 12561.

INTERESTED IN PUBLIC SERVICE? Join your local Radio
Emergency Associated Communications Team. In Pennsyl-
vania call 717-938-6943 or write REACT, 1160 OId Trail Rd,
Etters, PA 17319.

GENERAL CLASS TUTOR PROGRAM for PC compatibles.
$20.00. Miss. residents add 6%. SASE for details. Jim Bur-
rell, NSNEZ. 316C Critz. Starkville, MS 39759.

10 YEAR CLEANOUT SALE. Shack overloaded. Must vacate
2000 cu/ft area of test equipment, microwave, radios, antiques,
parts, variacs, veré interesting collection. Send stamp for com-
plete list. Joseph Cohen, 200 Woodside, Winthrop, MA 02152,
(617) 846-6312,

PARTS BONANZA. Limited quantity. Commodore “'Pet’’ com-
putsrs removed from service s49.9g {may work!). Hard Drives
for Pets, tons of parts 'AS IS" $29.95. Commodore Printer
Heads Special—Consult Factory. Q.E P. Co., Inc., Kasara
Micrasystems Oivision, Stony Paint, NY 10980. 1-800-248-
2983 or 914-942-2252. Visa/MC/COD.

WANTED: All types of Electron Tubes. Call toll free 1-800-
421-9397 or 1-612-429-9397. C & N Electionics, Harold Bram-
stedt, 6104 Egg Lake Road, Hugo, MN 55038.

UHF PARTS. GaAs Fets, mmics. chip caps, feedthrus, teflon
peb, high Q trimmers. Moonbounce qualily preamps. Elec-
tronic sequencer boards. Send SASE for complete list or call
{313) 753-4581 evenings. MICROWAVE COMPONENTS, PO
Box 1697, Taylor, M! 48180

SELL. Millen SS Dipper 90652 $150. Tube GOO with two extra
tubes $100. Antenna bridge $50. Heather 10-4235 two-trace
35 MHz scope $100. (needs HV rectifier). Heath 4505 scope
calibrator $25; Heath IM-2420 counter $25 New Bird slugs
100w, 1000w $50 each. Joe Darmento, W4SXK, 11170S.T 1.,
Merritt Island, FL 32952. (407) 773-0796.

HANDICAPPED NOVICE needs HF equipment donated—
anything please. KASOUE, (412) 531-7443 anytime

IMRA International Mission Radio Association helps mission-
aries. Equipment loaned. Weekday net, 14.280 MHz. 1-3PM
Eastern. Nine hundred Amateurs in 40 countries. Aev. Thomas
Sable, S.J.. University of Scranton, Scranton, PA 18510.

VHF-UHF-SHF. Large SASE. West Coast VHFer, POB 685,
Holbrook, AZ 86025.

CHASSIS & CABINET KITS. SAEE, K3IWK, 5120 Harmony

Grove RAd, Dover, PA 17315,

ANALOG AND RF CONSULTING for the San Francisco Bay

area. Commercial and military circuits and systems. James

Long, Ph.D., N6YB (408) 733-8329.

RTTY JOURNAL —Now in our 36th year. Read about RTTY,

AMTOR, PACKET, MSO'S, RTTY CONTESTING, RTTY DX

and much more. Year's subscription to RTTY JOURNAL

$10.00, foreign slightly higher. Order trom: RTTY JOURNAL,

9085 La Casita Ave., Fountain Valley, CA 92708.

RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO

to G.L. Pierce, 5521 Birkdate Way, San Diego, CA 92117

SASE brings information.

ELECTRON TUBES: Receiving, transmitting, microwave... all
pes available. Large stock. Next day delivery, most cases.
AILY ELECTRONICS, PO Box 5029, Compton, CA 90224.

(213) 774-1255.

*HAMLOG" COMPUTER PROGRAM. Full features, 17 mod-
ules. Aulo—logs. 7-band WAS/OXCC. Apple $19.95. IBM,
CP/M, KAYPRO, Tandy, C128 $24.95. HR-KA1AWH, POB
2015, Peabody, MA 01960.

RECONDITIONED TEST EOU(P_MENT $1.25 for catalog.
Walter, 2697 Nickel, San Pablo, CA 94806.

COMING EVENTS

Activities — ‘‘Places to go . . .”

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY
COORDINATORS: PLEASE INDICATE IN YOQUR
ANNOUNCEMENTS WHETHER OR NOT YOUR HAMFEST
LOCATION, CLASSES, EXAMS, MEETINGS, FLEA MAR-
KETS, ETC, ARE WHEELCHAIR ACCESSIBLE. THIS
INFORMATION WOULD BE GREATLY APPRECIATED BY
gg]E|1§$OTHERISISTEH HAMS WITH LIMITED PHYSICAL




CANCELLATION NOTICE. The BARC Packet Radio Sympo-
sium scheduled for Sepiember 16 al Georgian College, Bar-
rie, Ontario has been cancelled.

IOWA: August 5-6. The Cedar Valley ARC's Summertest ‘89,
Teamsters Hall, 5000 J Street SW, Cedar Rapids. 8 AM to
5 PM, August 5 and 8 AM to 3 PM August 6. Admission $4.
12 and under tree. For ad ite S

OPERATING EVENTS

“Things to do . . ."”

August 5-6: Titusville, PA. From the birthplace of the oil indus-

i ion write -
fest ‘89, Clift Goldsberry, 2926 Shaffer Drive SW, Cedar
Rapids, |A 52404. (319) 365-8849.

WISCONSIN: August 12. The tenth annual Rhinelander Swap-
fest sponsored bgthe Northwoods ARC, ARES, Tomahawk
Rep. Assn and Rhinelander Rep. Assn., Rhinelander Ice
Arena. Tickets $1.00. Auction 1:00 PM. For information con-
tact Leonard Bauman, K9RMN, 804 Lincoln Street,
Rhinglander, Wi 54501. (715) 369-3296 or 369-5564.

LOUISIANA: August 12-13. The Shreveport Amateur Radio
Association gSARA) is hosting their 10th annual ARK-LA-TEX
Hamftest in Shreveport’s air-condition Convention Hall.

MINNESOTA: August 13. St. Cloud ARC Hamfest, Whitney
Senior Center, St. Cloud. Ticket donation $3. Extra ticket $2.
Contact SCARC, Box 141, St. Cloud, MN 56302.

PENNSYLVANIA: August 13. Mid-Atiantic ARC Hamfest,

Bucks County Rt 611 Drive-In Theater, Warrington. Buyers

admitted 8 AM. Admission $3. For information call Al Maslin,

\SISDZI (215)446-4936 or write MARC, PO Box 352, Villanova,
19085.

INDIANA: August 13. The Porter CounlLARC's annual NW
Indiana Hamgasl and Computer Fair, Porter County Fair-
grounds and Expo Center, Rt 49, easi of Valparaiso. Admis-
sion $3.50/advance; $4/door. Kids under 12 tree. For infor-
mation/tickets contact Hamfest Committee, PCARC, PO Box
1782, Valparaiso, IN 46384.

NEW JERSEY: August 19, The 13th annual Ramapo Moun-
tain ARC Hamfest and Computer Flea Market, American
Legion Hall and Grounds, 65 Oak Street, Oakland. 8 AM to
1 PM. For more information contact Marc, WA2S, (201) 652-
1318 or (201) 652-8493.

NEW YORK: August 19. The Finger Lakes Hamfest sponsored
by the Tompkins County ARC, 4H-Acres, off Rt. 13, 7 miles
north of Ithaca. Admission $3. Under 18 free. Handi parking.
For more intormation contact Bob, KD2IM (607) 347-4444.

WASHINGTON: August 19-20. Northwaestern Division Conven-
tion & Tacoma Hamfair sponsored by the Radio Club of
Tacoma (W7DK), Pacific Lutheran University. Saturday 9 to
6. Sunday 9 to 1. Preregistration $5 to August 6; $7 at the
door. $1 for non-hams. 12 and under free. For details write
Radio Club of Tacoma, PO Box 11188, Tacoma, WA 98411
or phone RCT (206) 759-2040 or BillMorgan, W7GPR (206)
531-3821.

OHIO: August 20. WBVTD, the Warren Amateur Radio Associ-
ation’s Hamfest, Trumbull Branch Campus of Kent State
University, Warren. Admission $2.50/advance; $3.00/door.
Under 12 free. For information Warren ARA Hamfest, PO Box
809, Warren, OH 44482.

INDIANA: August 20. The Tippecanoe Amateur Radia Associ-
ation's 18th annual Hamfest, Tippecanoe County Fairgrounds,
Teal Road and 18th Street, Latayette. Fairgrounds open § AM.
For more information write D.C. Roberts, 5124 Jackson High-
way, West Lafayette, IN 47906.

ILLINOIS: August 20. The Western Illinois ARC'’s Tri-State
Swapfest ‘89, Eagles Alps Lodge, 3737 North 5th Street,
Quincy. B AM to 3 PM. Admission $2/advance; $3/door. For
information/reservations Michael Nowack, NASQ, c/o WIARC,
PO Box 3132, Quincy, IL 62301. (217)-224-8526.

try, ial event station KIHWL will operate from 1400Z to
2300Z each day from the site of the historic Perry Street rail-
road station 10 commemorate the fourth year of operation of
the Qil Creek & Titusville Railroad. Sponsored by the Oil Creek
Valley Radio Society. CW 3710, 3,675, 7.110. SSB 7.250,
14.275, 28.350 MHz. For QSL send QSL and No. 10 SASE
(106 g&ben E. Myers, K3HWL, RD 1, Box 143-G, Titusville, PA

August 7-12: All-American SMr Box Derby. The Cuyahoga
Falls ARC will operate special event station W8VPV dur-
ing the 52nd running of the Derby. Monday-Friday 2200Z-
03002. Saturday 11002-2000Z. Freq. 3.860, 14,240, 28420.
For certificate send SASE by 9/20/89 to WBVPV, Box
614, Cuyahoga Falls, OH 44222,

August 12: The Arapahoe Radio Club’s fifth annual ham radio
expeaditions to Colorado’s 14,000-fool mountain peaks. CW
frequency 14,050-14,060 with participants calling “CQ 14"
Phone stations around 14,285 calling “CQ Fourteeners''.
Qperation from 1600-18002. QSI direct of to KIAY, 7318 S.
Birch Street, Littleton, CO 80122

August 12-13: The Southcentral Conn. Amateur Radio
Association will operate W1GB in the General portion of 80-
15 and Novice 10m from Paul Newman's ‘‘Hole in the wall
Gang'" camp for children with cancer and blood disorders. For
a special QSL send QSL and SASE to KiIPVT, Bill
DeB: d 55 Thompson St, 13E, East Haven, CT 06513.

August 16-18: Bridgewater, New Jersey. The Somerset
County Office of Emergency Management will operate
WC2ADK 1400-01002 each day 1o promote Amateur Radio,
R.A.C E.S and Public Service at the annual 4-M Fair. Sugg.
Freq. Lower 25 kHz of General 80-10m and 10m Novice. Visi-
tors on 145.320 simplex. Send QSL and SASE to Somerset
County OEM/4H, PO Box 3000, Somerville, NJ 08876,
August 19: Salisbury, New Hampshire. To commemorate Old
Home Day, N1GCO will operate 1400Z to 2000Z on lower 25
kHz of General HF, 220/440 repeater and simplex and 145.07
packet. For special QSL send SASE to N1GCO, RFD §, Box
42, Penacook, NH 03303.

August 19-Sept 3: The Jet Prapulsion Laboratory ARC will
operate W6VIQ from 000Z August 19 through 23597 Se_Fl 3
to commemorate the Voya%er 2 encounter with Neptune. This
compiete the Grand Tour. Primary SSB and SSTV frequency
will be 14.235. Greatest activity will be weekday noons and
evenings. For QSL, send QSL and SASE to WEVIO callbook
address. DX stations QSL via bureau.

FREE 1989-90 Florida two meter repeater directories are cur-
vently being distributed by the Hernando County Amateur
Radio Assn. of Brooksville, FL. Ask for one al any official
Florida Welcome Center or SASE to Repeater Directory, Her-
nando County ARA, POB 1721, Brooksville, FL 34605-1721.
LAUREL ARC monthly (except December} Amateur gxam ses-
sions for all license classes. No tee is charged. Pre-registration
is required. Call (301) 725-1212, Maryland Radio Center, 8576
Laureldale Drive, Laurel, MD 20707.

AMATEUR EXAMS in Wellesley, MA, Saturday, August 26,
10 AM. Please call Vern, ND1Z (508) 533-6822 by August 20
to book a spot. New and prospective Amateurs are most espe-
cially welcome.

NORTH COAST ARC 1989 LICENSE EXAMS. 12:30 PM,
Saturdays February 11, Apri 15, June 10, Augus! 12, October

ALASKA: August 26. The ARctic ARC's Hamfest/Swapmeet,
10th Avenue and Steese Highway, Fairbanks. Admission
$1.00. For information Joan Soutar, NOAJW, PO Box 81389,
Fairbanks, AK 99708.

MISSOURI: August 27. The St. Chartes ARC will sponsor
Hamfest ‘89, Blanchette Park in St. Charles. 6:30 AM to 2:30
PM. Free admission and parking. Handi parking available.
Contact Mike Nolan, KAOUXQ, 16 Gateswaod Orive, St.
Peters, MO 63376.

TENNESSEE: August 27. The Lebanon Hamtest spansored
by the Short Mountain Repeater Club, Cedars of Lebanon
State Park, US 231, 7 miles north of Lebanon. For informa-
tion contact Mary Alice Fanning, KA4GSB, 4936 Danby Drive,
Nashville, TN 37211. (615) 832-3215.

NEW MEXICO: September 2-3. The Alamogordo ARC's fifth
annual Hamfest, Otero County Fairgrounds, Alamogordo. Free
admission.

PENNSYLVANIA: September 9. Uniontown ARC (W3PIE) will
hold its 40th annual Gabfest, Club grounds, OId Pittsburgh
Road, Uniontown. Registration $3 or 2/$5. For more informa-
tion write UARC Gabfest, c/o John T. Cermak, WB3DOD, PO
Box 433, Republic, PA 15475. (412) 246-2870.

FLORIDA: September 9-10. The Platinum Coast Amateur
Radio Sociely presents the 24th annual Melbourne Hamfes!,
Melourne Auditorium. Registration $4 advance (SASE only),
ES at the door. Hamfest 708 Dartmouth Avenue, Melbourne,

L 32901.

NORTH CAROLINA: October 1: JARSFEST '89, Bensan
American Legion Complex, 301 N. Benson NC 27504. 8 AM
to 4 PM. Forﬁ er SASE to Johnston Amateur Radio Society,
PO Box 1154, Smithtield, NC 27577.(919)934-0486,894-5479.

14, D« 9. N. Oimsted Community Cabin, S of Lorain
on W. Park. Novice thru Extra. Walkins allowed. Talk in 145.29
repeater. For information Dan Sarama, KBBA, 15591
Rademaker Bivd, Brookpark, Ohio 44142. 267-5083 or Pauline
Woells, KABFOE, Rick Wells, K8SCI, 777-9460/779-8999.

AMATEUR RADIO CLASSES: For those people interested
in abtaining a Novice (basic level) Ham license ar upgrading
to Tech/General, the Chelsea Civil Defense, in cooperation
with QRA Radio Club, will sponsor Amateur Radio Commu-
nications classes evenings at Chelsea High School starting
MARCH 7, 1989. For more information write Frank Masucci,
K18PN, 136 Grove Street, Chelsea, MA 02150. Please
enclose your telephone number.

THE MIT UHF REPEATER ASSOCIATION and the MIT Radio
Socie%voﬂer monthly HAM EXAMS. All classes Novice 10
Extra. Wednesday, AUGUST 23, 7 PM, MIT Room 1-150, 77
Mass Avenue, Cambridge, MA. Reservations requested 2 days
in advance. Contact Ron Hoffmann at (617) 484-2098. Exam
fee $4.50. Bring a copy of your current license (if any), two
forms of picture 1D, and a completed form 610 available from
the FCC in Quincy, MA (617) 770-4023.
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Published
Bi-Monthly

Read All About Your
Favorite Modes Of
Digital Communications!

» Subscribe Today! »
Digital Digest
4063 N. Goldenrod Road
Winter Park, FL 32792

$1600 Per Year

u.s. 32200 Elsewhere
Payable n US Funds Only / Check or M.O. Preterred

—N6KW QSL Cards

The finest QSL Cards at reasonable prices.
Basic Cards, map cards, cartoon cards, photo
cards and more. Your idea converted to ink or
use standard designs. 747 ink colors, any card
stock. Photos b/w or beautiful color. Have cards
that fit your style. FREE SAMPLES - postage
appreciated.

KW Litho - Dept. HR
(817)332-3658

PO. Box 17390
Ft. Worth, TX 76102

QRVS lin k Indoor Antenna

for Apartmeftt, Motel, Attic, & Portable Use
Small « Simple + Fast + Versatile « Effective «

Complete with 18 t Decoratar white feedline & all-transparent
maunting hooks, line, and suction cups for instaliation anywhete.

Suspend in attic, basement, bedroom, hallway, staircase--
horizantal, vertical or bent o Inta $10)

Extend in a minute Ap aut of sight in an instart.
Work all bands 40-10 w/ 1995 80-meter s§ 95
a 18 indoor antenna _sir&H

Add-on
AntennasWest Box 50062, Provo, UT 8166 801-373-8425
v 174

SAY YOU SAW IT
IN

HAM RADIO
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Garth Stonehocker, KORYW

DXING DURING THE
SUMMER QRN
SEASON

An estimated 3600 thunderstorms are
in progress around the world at any
given time. They occur mostly in the
tropical regions. These thunderstorms
can be classified as air mass, frontal,
or combinations of the two, depending
on how they form. The main source of
summertime QRN is the air mass thun-
derstorm.

During the evening DXing hours, air
mass thunderstorm QRN may limit the
usefulness of Jow band signals for local
ragchewing and, for the most part, will
rule out weak signal DX. The QRN,
propagated from equatorial land
regions or closer, increases the over-
all average noise level on the 80 and
160-meter bands. This happens
because the “tropical” regions get
closer to those of us in the Northern
Hemisphere as the sun comes up to
23°N in the summer. As a result, a hop
or two is cut from the thunderstorm
noise propagation distance, adding a
few dB to the overall noise. Florida
leads the top thunderstorm producers
of the closer areas; the eastern side of
the Rocky Mountains in Colorado and
Nebraska is next, followed by the
southeastern part of the United States.

The air mass thunderstorm forms
when the sun heats the ground. As the
heat from the ground rises, it warms
the air above, causing it to rise. As this
heated air meets the colder air above,
its moisture content condenses, form-
ing clouds. The clouds — some of
which are seized by the winds and car-
ried into the jet stream to form the
characteristic anvil-shaped top of a
thunderhead at 30,000 to 40,000 feet
— continue to rise until their con-
densed moisture forms drops heavy
enough to fall as rain. Some drops are
carried further upward and freeze into
hail. This fast up-and-down motion
generates static electricity strong
enough to cause the air (as an insula-
tor) to break down between a cloud
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and the earth, or between one cloud
and another. As the fightning stroke
releases this energy, it produces elec-
tromagnetic pulses. Qur receivers pick
up the HF radio frequency pulses we
call “noise.” Most air mass storms form
on afternoons when the humidity is
above 50 percent, and last into the
night before cooling off enough to dis-
sipate. Air mass thunderstorms linger
for several days until they release their
moisture as rain, or slowly move on.

How can you communicate with DX
stations on these lower bands? Direc-
tional antennas may help if the thun-
derstorm activity is in the opposite
direction from the DX stations. If you
can avoid pointing your beam at these
areas, you can help minimize noise
pickup. In fact, if you can get the back
of the antenna pointed in that direction,
you can use the front-to-back ratio
(typically 15 dB) to further decrease
noise pickup. This may mean working
DX long path or over the Pole. If the
ionosphere will support propagation in
that direction, and no geomagnetic
field disturbance is occurring, you may
find this a solution to some of the sum-
mer noise problems. You may also
want to change your operating hours.
Since most air mass thunderstorms
dissipate during the night and build to
noise proportions with the heat that
arrives after dawn each day, there's a
minimum noise period from about 3 to
8 a.m. which offers good operating
conditions.

Last-minute forecast

The higher frequency bands are
expected to be best the third and
fourth weeks of August, when the solar
flux increases the MUF for long skip

openings. Don't expect many trans-
equatorial openings in the evenings
during the summer months. Sporadic E
(Es) short skip openings at midday
should give the highest E region MUF
in many years. Lower frequency signal
strengths will decrease during daylight
hours when the flux is high. Higher
noise will also lead to poor conditions.
Look for the best signals the first two
and last weeks of the month. Thunder-
storm noise will still be a problem in the
evenings. Sporadic E short skip open-
ings around sunset should help signals
get through the noise.

Band-by-band summary

Six-meter sporadic E short skip con-
ditions on some days will last anywhere
from 30 minutes to a couple of hours
around local noon. Expect about 1000
miles per hop.

Ten, 12, 15, and 17 meters will have
quite a few short skip Es openings and
some long skip openings during the
27-day solar flux peak to southern
areas of the world, in the daylight
hours. Fifteen and 17 meters will be
best for several hours as the MUF
decreases for the evening.

Twenty, 30, and 40 meters will be
useful for DX communications to most
eastern, western, and northern areas
of the world during daylight hours and
into the evening most days, via long
skip to 2000 miles per hop or short
skip Es, with 1000-mile hops. The
period of daylight is still relatively long,
but will be noticeably shorter by the
end of the month.

Thirty, 40, 80, and 160 meters are all
good for nighttime DX, even though
the background noise will be severe in
the evenings. The direction of the
openings will rotate from the east to the
south and then westward in the morn-
ing. If you want to avoid thunderstorm
QRN, you may find sporadic E propa-
gation helpful in the early evening
toward the east and south. Try the
early morning hours for communica-
tion paths to the west, and monitor
WWVH or WWV on 2.5 and 5 MHz as
beacons.
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THE QSL BOOK!

tradition, we bring
1989, bigaer

Continuing a &8 year
you three new Callbooks for
and better than ever!

The MNorth American Callbook lists the calls,
1ames, and address information for 495,000
icensed radio amateurs In all countries of
Morth America, from Canada to Panama
ncluding Greenland, Bermuda, and the
Caribbean islands plus Hawail and the
U.S. possessions,

The International Callbook lists 500,000
icensed radio amateurs in countries outside
Narth America. Its coverage Includes South
America, Europe, Africa, Asia, and the
Pacific area (exclusive of Hawail and the
UJ.5. possessions).

The 1989 Callbook Supplement Isa new idea
n Callbook updates, listing the activity in
poth the North American and International
Calibooks. Published June 1, 1989, this com-
asined Supplement will include thousands of
1ew licenses, address changes, and call sign
hanges for the preceding 6 months,

Every active amateur needs the Callbook!
The 1989 Callbooks will be published
December 1, 1988. Order early to avoid
disappointment (last year's Callbooks sold
aut). See your dealer now or order directly
from the publisher,

1MNorth American Callbook

incl. shipping within USA $29.00
incl. shipping to foreign countries i5.00
1 International Callbook

incl, shipping within USA $32.00
incl. shipping to foreign countries 38.00

3 Callbook Supplement, published June 1st
incl, shipping within USA £13.00
incl, shipping to foreign countries 14.00

SPECIAL OFFER

13 Both N.A. & International Callbooks
incl, shipping within USA $58.00
incl. shipping to foreign countries 68.00
LR 2R IR 2R IR IR IR IR I 2

Ilinols residents please add 6%:% tax.
All payments must be in U.S. funds.

Mm? ngg I I L 00 I( INC

(¢ Dept. F
925 Sherwood Dr., Box 247
Lake Bluff, IL 60044, USA

Vi
Tel: (312) 234-6600 wm—
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TS-940 Dx-CELLENCE"

« All Band, All Mode Transceiver

* Direct Keyboard Entry

* Engineered for the DX-Minded
and Contesting Ham

* Its Got It All!

Dependable Service
At The Right Price ... Everytime

MasterCard—VISA—Discover

HFIVHFIUHF
BASE STATION

FT-767GX

* Add Optional 6m, 2m &
70cm Modules

» Dual VFO's

* Full CW Break-in

* Lols More Fealures

o)
ICOM "’fuf,..

IC-765 NEW HF TRANSCEIVER

* Built-in Automatic Antenna
Tuner and Power Supply

* 99 Memories * 100 W Output

* 160-10M/General Coverage
Receiver

* Band Stacking Registers

uniden

HR-2600
* Mobile 10 Meter Transceiver
* SSB/AMIFMICW

* 25 Walts PEP

* New FM Offsets & PL

KENWOOD
A

TS-140S AFFORDABLE DX-ing!
= HF Transceiver With
General Coverage Receiver
* All HF Amateur Bands
= 100 W Qutput
« Compac!, Lots of Features

FT-736R vHF.UHF BASESTATION

* SSB, CW, FM on 2 Meters
and 70cm

* Optional 50 MHz, 220 MHz or
1.2GHz

* 25 Watts Outpul on 2 Meters,
220 and 70 cm

* 10 Watts Oulput on 6 Meters
and 1.2GHz « 100 Memories

IC-725

NEW ULTRA-COMPACT
HF TRANSCEIVER

o)
ICO

* USB/LSBICW, AM Receive
Optional Module for AM
Transmit and FM TX/RX
= 160-10M Operation * 100 W Output
* Receive 30 kHz to 33 MHz
* 26 Memories with Band
Stacking Registers

Complete Terminal Unit for
Morse, Baudot, ASCIl, AMTOR

NOW %2 PRICE
CLOSEOUT SPECIAL
ONLY $169. DELIVERED
Software Available
Call Now—Don't Delay

oD

NEW 7

KENWO

[

K< Kantronics

o
ICOM

ﬂ ASTRON

* 5 Watts Output

* 14 Memories

« TH-45AT Available
for 440 MHz

5449.00 Delivered

25W, 21 Memories, Dual VFO's
At an Unbealable Price!

440-450 MHz
* Stores Standard and
Odd Offsets

IC-2GAT
IC-4GAT
2 Meter & 440
o Handhelds
TM-231A * |C-2GAT : . . ;
o MET KT-Series Mono-Band Radios RX 138-174 MHz AS7A $51 »RS3M $'§"
2 METER FM MOBILE * AS12A £75 3
10-15-20-30-40-80M MODELS TX 140-150 MHz 373 ¢ VSIOM .. 170
* 50 Wa!Tspul[Jul 7 Watls * RS20A $92 e« RS50A .. $209
:ggxg:;'bjﬁugi‘ég;“;g;":gﬁ:rm SAVE BlG $$ « IC-4GAT « RS20M . $112 « RM50M . $235
« Oparate 4 Mobile Rigs with Optional Best Price and Complete Selection 440-450 MHz o VS20M . $129 « AM50M . $259
|F-20 Interface and RC-20 Controller Call Today! 6 Watts * RS35A .. $149 « VS50M . . $245
v
KENWOOD |/ ALINCO S5 MFE) sac ME)
SA‘-E" k2581, || SUPER SALE M LARGEST STOCK OF ALL
I AND POWERFUL ALD-24T YOUR MFJ FAVORITE
* Frequency Cover- 2mi70cm IC-32AT ACCESSORIES
age: “’"154%””’ Dual Band SUPER DUALBAND CALLTODAY FOR
:?:]l 144-148 MHz Mobile |, FM HANDHELD BEST PRICE
» Front Panel DTMF * 5Watts on Both Bands e
Pad * Receive 138-174 MHz = D - ,

Extra Savings on the MFJ-1278
Multi-Mode Data Controller

102 N.W. Business Park Lane Kansas City, MO 64150

Send SASE For Used List

« DAIWA = HUSTLER

Call Toll Free—9am - 6pm Mon.-Fri. 9am -2pm Sat.

MOST ORDERS SHIPPED SAME DAY

» 187

In Missouri Call—816-741-8118

HYGAIN « |COM -

* YAESU

« UNIDEN

* RF CONCEPTS

MIRAGE/KLM < NYE VIKING

* MFJ

LARSEN

KENWOOD -«

KANTRONICS




OPTOELECTRONICS

STOP LOOKING! THE FREQUENCY COUNTER
YOU NEED IS HERE NOW!

Take a good look at the model 2210 hand held that does it all. Frequency Range is from
10 Hz to over 2.2 GHz covering audio through microwave. Literally DC to day light with
extraordinary sensitivity and accuracy. The 2210 is now in demand by technicians,
engineers, law enforcement officers, private investigators, two-way radio operators,
scanner hobbyists, and amateur radio operators. Call us today to order yours.

INPUT
A1 MEQONM
B 50 OMM

[F orrocLecTRONICS

FORT LAUDERDALE, FL

10Hz TO 2.2GHz FREQUENCY COUNTER

cc 100000 e

1 KHz < 5mv
b 100 MHz <3 mv
450 MHz < 3mv
850 MHz <3mv
el 1 13GHz <7 mv

BATT P WMNZ-2.20M2

\ 22GHz <30mv

AC-CHG A 1OMI-13MNI

#-12vDC

(ACTUAL SIZE)

Separate high impedance and 50 ohm amplifier circuits, two ranges, two gate times, dual crystal
oscillator design. 8 LED digits, aluminum case, internal Ni-Cad batteries, 1 ppm accuracy, AC-DC
portable operation. AC adapter-charger included. Full line of probes, antennas, and carry case
is available. We manufacture the 2210 in the U.S. and have over 15 years of service, quality,
experience and dedication that you can count on.

OPTOELECTRONICS INC.

5821 N.E. 14th Avenue
Fort Lauderdale, Florida 33334
FLA (305) 771-2050 Orders to U.S. and Canada add 5% to total (82 min, $10 max)

v 189 Florida residents add 6% sales tax. COD fee $3.
FAX (305) 771-2052 Foreign orders add 15%



TWO OF AMERICAS
MOST POPULAR
FM STATIONS.

No wonder Yaesu's FT-212R Series and
FT-4700RH mobiles are so popular.

Not only are the features unique and
plentiful. The operation hassle-free. And
the mounting options flexible. But also,

each radio now features a built-in PL
hoard. Plus you choose the optional
mic that best fits your operating and
budget needs.

FT-212R SERIES. MOBILES THAT
DOUBLE AS ANSWERING MACHINES.

Let the 2-meter FT-212R and 440-MHz
FT-T12R take messages while you're away (with DVS-1 option)! 45-watt output (35W
on 440 MHz). Built-in PL encode/decode. 18 memories. Auto repeater shift. Scan
ning routines. Offset tuning from any memory channel. Extended
receive. Audible command verification.
High/low power switch. Oversize amber
display. Choice of optional mic. More.

FT-4700RH. DUAL-BAND PERFORMANCE,
REMOTE-HEAD DESIGN.

Mount the FT-4700RH almost any
where —the “brains” on your dash, visor,
or door; the “muscle” under vour seat. 50
watts on 2 meters, 40 watts on 70 ¢m. Full
crossband duplex. Simultaneous monitoring
of each band, complete with independent
squelch settings on the main and
secondary bands. Built-in PL
encode/decode. 9 memories (each
band). Extended receive. Reverse repeater shift. High/low
power switch. Patch cord for remote mounting. Bright
LCD display. Backlit controls. Choice of optional mic.
More.

Want more information? Call (800) 999-2070 toll
free. Or ask vour dealer about Yaesu's FT-212R Series and
FT-4700RH mobiles today. Two of America’s favorites.

N

Choose your
opticmal i
VH-15 C8 DTMF
mic, o MH-15
DS DTMF awlo

dialer mii

YAESU USA 17210 Edwards Road, Cerritos, CA 90701
(213)404-2700. REPAIR SERVICE: (213) 404-4884.
PARTS: (213) 404-4847

YAESU

Prices and specifications subject to change without notice, PL s a registered trademark of Motorola, Ine. Specifi
cations guaranteed only within amateur bands



KENWOO

tter in Amateur Radio

“DX-citin

Kenwood's advanced digital know-how
brings Amateurs world-wide “big-rig”
performance in a compact package. We
call it “Digital DX-citement”—that special
feeling you get every time you turn the
power on!

General coverage receiver tunes from
100 kHz —30 MHz. Easily modified for
HF MARS operation

USB, LSB, CW, AM, FM, and AFSK. Mode

selection is venfied in Morse Code

HF TRANSCEIVER
T5-a405] = MODE/KEY
ALC PWR SWR
_\,I P ks
tse Puse cw
~SEND AUTO AT TUNE

a REC THRU OFF
P

AT-440 internal ¢
! ) extern:
mpa an
Kenwood

takes you from
HF to OSCAR!

Kenwood DynaM
mixing syste

x~ high sensitivity direct
m ensures true 102 dB receiver

dynamic range. (500Hz bandwidth on 20m)

Super efficient cooling permits continuous
key-down for periods exceeding one hour
RF input power is rated at 200 W PEP on
SSB, 200 W DC on CW, AFSK, FM, and 110
W DC AM. (The PS-50 power supply 15

needed for continuou

duty.)

Covers BO-10 meters

—FUNCTION—

RIT A/B

SPLIT

— 1MHz
[N BAND 132

(D G

pbumper

litier = SM-2

199

A built-in SSB liller
optional SSB filter (YK-88S
nstalled, dual filtering 1s pr

1s standard. When an
YK-8BSN) is

vided

10 gron
qQuencie

for repeater operation

IF shift, tuneable notch filter, noise blanker
all-mode squelch, Rf nuator, RIT/XIT,
and optional filters fight QRM

MIC -2~ CAR
4 8
/
i
2-‘\/ -8 2=
of Y
RIT/XIT =8 IF SHIFT

i

SQL—®— NOTCH

&1 g, 8

5
w0
AF - RF

&
F.LOCK PROC NOTCH 2GC
AGC o seLecTiVITY

r "_ 7 N
AUTO M
-m2

~

OFF  OFF SLOWa i

KENWOOD

KENWOOD U.S.A. CORPORATION
COMMUNICATIONS & TEST EQUIPMENT GROUP
PO.BOX 22745, 2201 E. Dominguez Streel

Long Beach, CA 90801-5745

KENWOOD ELECTRONICS CANADA INC.
P.O.BOX 1075, 959 Gana Court

Mississauga, Ontario, Canada L4T 4C2
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