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Low Pass Design 
The low-pass design of the AT-300 is 
what you would expect from a company 
where Engineering Makes the Differ- 
ence. The low-pass design of this AEA 
tuner means harmonic attenuation for 
lower TVI potential. This design also 
allows matching a much wider range of 
antenna impedances than the common 
high-pass designs. 

Larger Size 
One look at  ihe AT-300 lets you know 
this tuner is different, it's bigger. While 
some manufacturers promote the small 
size of their tuners. AEA knows that 
performance is most important. The 
simple reason for the larger size is that 
smaller sizes degrade the inductors' Q 

1 (Quality factor). which results in less 
efficiency. Less efficiency means that 
for a given power output from your 
transmitter, less power will actually get 
to your antenna. 

Easy Operation 
The AT-300 tuner features a precision 
frequency compensated dual- movement 
SWR meter for ease of tuning. .The high 
and low power front panel switch selects 
the proper range for the SWR meter. The 
AT-300 is rated for 300 watt operation. 
The internal balun and front panel 
selector switch allows for balanced and 
unbalanced outputs. 

Get maximum performance from your 
transceiver and antenna by using the 
AT-300 antenna tcner from AEA. See 
your local AEA dealer today or contact: 

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

AEA Retail $249.95 
Amateur Net $2 19.95 lo6 



Kt~nwood speclfres transmlt duty 
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1) CWVariable Bandwidth Tuning.Vary the 3)SSBSlopeTuning.Operat1ng1ntheLSBand 
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Ing CW OSOs. this control can he II.+!~ In signal IS reduced. whlle the des l red  signal 
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CW perlnrmance 
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'"" 'l''lr 
5'"1!"" onC Step mode chang- 
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O L r ? p r  vital operat~ng func- 
+l(.lrl<; Selectable seml or full 
break In CW (QSK). RIT/XIT. all 
mode squelch. RF ntlenuator. filter 
select swltch, selectable AGC, 
CWvarlable pltch cnr~trol, speech 
prOCr?sSor, ilnd RF output 
control, progr;lrnm;~ble band 
scan o r  40 channel memory scan 
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Henry Gallup 
1940 - 1989 

Farewell to a Friend 
One of the hardest things one has to do as a writer is to compose the obituary of a friend. 

I remember my first year in journalism school. The "obit" was simply another piece of specialty 
writing you had to learn. There was a formula to it. A way to handle the family. A way to get facts 
from funeral directors - something beyond the standard phrase "he died after a longlshort illness." 
As I sit here tonight, I find the formulas mean nothing to me any longer. My friend has died and 
the what, when, where, why, and how doesn't matter - just the who. 

Late in the afternoon on August 22nd, I received word that Henry Gallup, NIGCF, Ham Radio's 
Director of Advertising Sales, had died suddenly, and most unexpectedly. He was only 48. He leaves 
behind his family - all of whom he loved very much. He was a responsible man who took his 
work seriously. 

Henry's death was a great shock to all of us here at Ham Radio. He was a part of our lives for 
a short year and a half, but he gave us a great deal. Henry always had a ready smile, or a joke. 
I found he was always there when I needed to talk. He was a man of great caring and compassion. 
I truly believe that he accepted each person just the way he was, unconditionally, without judg- 
ment. If I was having a problem, I could always count on Henry to give me some perspective. 

Many of you only knew Henry as a voice on the phone, looking for this month's ad or trying 
to sell you a little more space. Others met him at Amateur Radio shows. You may not have gotten 
to know the Henry I knew, but I'm sure you warmed to his wit and his charm. 

How do you say goodbye to a friend? You reminisce, remember the last time you saw him, the 
funny things he used to say, the things he did that drove you crazy. You replay them over and over 
in your mind until they're worn and threadbare. And then, you finally say goodbye. 

Goodbye Henry. I'll miss you. All of us will. 

Terry Northup, KA1STC 
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Affordable DX-ing! IN CH/VFO CH sub-dial. lo kHz step I I 

TS-140s tunlng for quick QSY at VFO mode, and 
UPIDOWN memory channel for easy 

HF transceiver with general operation. 
coverage receiver. Selectable full (QSK) or semi 

Compact, easy-to-use, full of oper- break-in CW. 
ating enhancements, and feature 31 memory channels. Store fre- 
packed.These words describe the quency, mode and CW wideinarrow 
new TS-140s HF transceiver. Setting selection. Spllt frequenc~es may be 

the pace once again, Kenwood intro- stored in 10 channels for repeater 

duces new innovations in the world operation. 

of "look-alike" transceivers! RF power output control. 
New Feature! Programmable band . A M T O R / P A C K E T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ !  

Covers HFAmateur bands with marker. Useful for staylng w~thln the . Built-in VOX circuit. 
100 W output. General coverage re- l~rnlts of your ham license. For con- * MC-43s UP/DOWN mic. included. 
(;elver tunes from 50 kHz to 35 MHz. testers, program in the suggested Optional Accessories: rHecorvfv spr?crlrt:;~!~or~s girararlfeed lrorri 

iloo  HZ 10 30 MH/ I Modifiable for HF 
frequencies to ORM to 

l AT-130 c:ornpiict antenna tuner l AT-250 auto- 
participants. 

MARS operat~on. rpermrt reqrlrred) 
m,~l~c. ;intenn;l tuner l HS-51HS-61HS-7 head- * Famous Kenwood interference phones l IF-232C/IF-10C C O ~ ~ I J ~ I  ~riterlace 

All modes built-in. LSB, USB. Cw FM reducing circuits. IF shlfl, dual noise l MA-SIVP-1 Hf mobllf, ;*ntenna 15 bands) 
and AM. blankers. RIT RF attenuator selectable ;MB:;: ;;;~1;~~;~~,",;4~1~,';"~6SC~ neck 

mc~t~~ lp  tnlc: MC-6OA/MC-BOIMC-85 desk rnlcs 
l PG-2s extr:~ OC c.;rt)lr PS-430 powcr supply 
l SP-41 /SP-SOB rnobll~: s[~(:akc.rs l SP-430 
exI~~rr~;ll sbc'akvr- TL-922A 7 kW PEP 11nr.ar 
an ip l~f~t?~ (not tnr CW OSK) TU-8 CTCSS tone unit 
l YG-455C-1 500 H7 deluxe CW fllter, YK-455C-1 
Nfxw 500 H I  CW l~l ler 
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Amateur Radio Licensing Fees - the "Non-Tax" Tax 
On July 13th the House Energy and Commerce Committee voted to levy fees on Amateur Radio licenses and several com- 

mercial ventures. They did this to reduce the Federal budget deficit by means of a "tax that isn't called a tax." That, frankly, 
is a bunch of baloney. The deficit is in the billions; this proposal will raise an estimated 50 million dollars at most. I originally 
wrote this editorial several months ago and find it rather remarkable that the House 'Picked up" on my thoughts. But don? 
blame me for their action. My idea has merit and, if not limited by statute, would be worth further consideration. 

W e  live in an era of government deregulation. Over the last ten years, the government's grip on regulation has slowly 
loosened in almost all areas of our lives, from airline travel to telecommunications services. AT&T no longer has a monopoly 
on long distance telephone service. New technology, spurred by deregulation, is coming online daily. 

In the Amateur service, we no longer need to keep daily logs. Nor do we have to send a letter to the FCC Engineer-in- 
Charge when we operate portable. The FCC is no longer directly involved in the testing of new Amateurs. Who would have 
thought any of this possible twenty years ago? 

However, deregulation does have a downside. Great concern has been voiced in the Amateur ranks about rules enforce- 
ment. Hams everywhere wonder what can be done to improve this situation. The FCC has neither the staff nor money to 
enforce rules the way they used to. The FCC budget, the whole thing, is about the same as one Pentagon weapons system 
procurement budget. An ex-FCC staff member stated that the Commission is using "mirrors and illusion" to keep programs 
running. Staff reductions due to budget cuts don't allow a lot of extra fat. 

Another source of funding is needed if the FCC is ever to return to monitoring the airwaves and enforcing Amateur rules 
and regulations. I'm talking about the principle of "TANSTAAFL;" there ain't no such thing as a free lunch. Perhaps the time 
has come to institute a system of user fees to support the FCC's licensing and enforcement activities. This was proposed 
in the past and was met with a storm of protest. But if we could institute a system where all fees were put into the FCC's 
budget, as opposed to the General Fund, perhaps we could have many of the activities we'd like. It would take judicious 
planning. Funding for monitoring and enforcement could be expanded to allow the FCC to act on bad operating habits and 
~llegal activities. 

I would be more than willing to pay for the privilege of my Extra class license. What is it worth to me? At least $20 per 
year - maybe more. Would I write a check for $200 for my 10-year renewal? Yes, if I knew that the money was going to 
go to the FCC and not into the Federal Government's General Fund. I would propose a sliding scale of rates based upon 
the license class. Extras would pay the largest fee; beginners would pay a relatively nominal amount, perhaps nothing at all. 

Unfortunately, there's more than one problem with this proposal. In the sixties, the imposition of FCC fees was one of the 
biggest reasons for the lack of growth (and even a decline) in Amateur numbers. When you look at the FCC numbers from 
that era, you can see the dramatic result of fees on licensing. Hams and potential hams simply didn't want to pay a fee to 
get their Amateur ticket. Based upon past experience, one would expect history to repeat itself. Reimposition of user fees 
could have a serious affect on the growth of the Amateur service. Secondly, by statute, user fees are put into the government's 
General Fund instead of going to support the collecting agency. In other words, the user fees become nothing more than 
an additional tax, though the "politicos" don't have to label it as such. 

So, we are caught in a dilemma. There's little chance of an increase in the FCC budget. Yet the last time user fees were 
implemented, there was a downturn in Amateur licensing numbers. Amateurs want more from the FCC. What's to be done? 

I wish I had the answer. This question is full of traps and pitfalls. While the Energy and Commerce Committee's idea has 
merit, Amateur Radio will derive little or no benefit if the monies simply go into the General Fund. Should the Committee's 
recommendations go any further, I strongly suggest that you write to your local representatives and express your feelings 
on the matter. For myself, if Congress could arrange for the fees collected to go to the FCC - fine; I'm in favor of the proposal. 
However, if the fees go into the General Fund - sorry, no. My taxes are high enough as it is now. Don't try to flim-flam us 
with a "non-tax" tax. Hams are not stupid, and we don't forget when it comes time for re-election. 

Craig Clark, NXlG 
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Dud Band Mord-ability! 

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 offset selection on 2 meters, 
and a host of additional features! 

20 multi-function memory channels. 
20 memory channels allow storage of fre- 
quency, repeater offset, CTCSS frequency, 
frequency step, and Tone On/Off status. 
CTCSS and REV, prov~dlng qulck and easy 
access durlng mobile operat~on. 
25W on 2m and 70cm. 
Selectable full duplex-cross band 
(Telephone style) operation. 
Easy-to-operate front panel layout. 
Multi-function DTMF mic. supplied. 
Contrr~ls arc [~rov~detl  on Ihe rn~~rophone 
for CALL (Cnll Channel).VFO MR (Memory 
Call or to change the memory channel) and 
a programmable functlon kcy The program- 
mable key can be used to control one of the 
follow~ng func.trons on Ihr  racllo MH7 T ALT 
TONE REV BAND, or LOW power 

Optional full-function remote 
controller (RC-20). 
A full-funct~on remote controller uslng the 
Kenwood bus llne may be easlly connected 
to the TM-701A and mounted In any con- 
venlent locat~on The new controller IS cap- 
able of operating all front panel functrons 
Built-in dual digital VFO's. 
a) Frequency step selection (5,10,15, 

20,12.5,25kHz) 
b) Programmable VFO 
The user fr~endly programmable VFOs allow 
the operator to select and program variable 
tunlng 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. 
Tone alert system-for true quiet 
monitoring. 
When actlvated thls funct~on will cause a 
distlnct beeper tone to be emitted from the 
transceiver for approxlmately 10 seconds to 
s~gnal the presence of an lncomlng 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 
Easy-to-operate illuminated keys. Dual memory scan 
A funct~onally des~gned control panel wlth Dual VFO scan 
lndlv~dually back111 keys Increases the con- d) Scan stop modes 
venlence and ease of operation durlng T~me operated scan (TO) 
n~ght-t~me use. Carr~er operated scan (CO) 

Sp~r~lrral~nn~ and prlces sublecl lo chanqe wrrhour nolrcc or oblrgarron 
Cornplerc wrvrre' rnantrah are avarlable for all Kenwood lranscervers and mosf accessorres 

e) Scan direction 
f) Alert 
When the AL sw~tch is depressed memory 
channel 1 is scanned for actlvlty at approxl- 
mately 5 second lnlervals 
MHz switch. 
Lock function. 
Repeater reverse swltch. 

Optional Accessories 
RC-20 Full-funct~on remote controller 
RC-10 Multi-funct~on remote controller 
IF-20 Interface un~t handset MC-44 Mu111 

fur~ct~on hand mlc *MC-44DM Multi-funct~on 
hand mlc wrth auto-pdtch MC-488 16-key 
DTMF hand mlc MC-55 8 [)in mobile mlc 

MC-60A/80/85 Desk top mlcs MA-700 
Du,11 band (2ml70cm) mobile antenna (mount 
not suppiled) SP-41 Compact moblle 
speaker SP-SOB Moblle speaker PS-430 
Power supply PS-50 Heavy-duty power 
supply MB-201 Moblle mount PG-2N 
Power cat)lcl PG-3B DC llne noise fllter 

PG-4H Irlterf,~~ e ( onnectlng cable PG-4.l 
Extens~on cable kit *TSU-6 CTCSS un~t 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745,2201 E. Domlnguez Street 
Long Beach.CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075.959 Gana Court 
Mlssissauga, Ontarlo. Canada L4T 4C2 



MFJ's Deluxe 300 Watt Tunes 
... gives you full 1.8-30 MHz coverage. a peak reading (and average) 
Cross-Needle meter. built-in dummy load, antenna switch and balun ... all 
covered by a full one year unconditional -guarantee ... for only $149.95 

You won't find all these useful fratures 
in ariy ot hrr  300 watt tuner -- not rvrn at 
twirr thr pricr. 

New peak reading meter 
The new p e a k  and avrragr reading 

Cross-Needle nictrr in the MFJ-949D shows 
you SWR, forward and reflrcted pnwrr -- all 
in a single glance. 

Without a p e a k  read ing  wattmeter you 
just won't be able to trll if vour rig is 
putting out all the peak SSR power it's 
drsignrd for. Don't be wlttiout one if you 
want top performance. 

Built-in dummy load 
A built-ill 300 watt 50ohm dummv load 

makes tuning up vour rig soom rasy. How 
do vou tune up vour rig without onr? 

An rxtrrnal dummv load will cost vou 
about $30 morr - -  plus i t  takes up valuablr 
space at vour operating position and 
rrquirrs anothrr c;lblt>. 

Fu l l  1.8 to 30 MHz coverage 
The MFJ-949D givrs you full I .H-30 

MHz coverage. 
Make surr  the tuner you're considrring 

covrrs all  the HF bands. 
Don't grt a tunrr that keeps vou front 

opc.riiting all the frrqurnries you've* 
workrd for - -  now or In thr  futurr. 

Plus more . . . 
You grt a vrrsatilr 6-position antrnna 

switch and a 4: 1 balun for balanrrd linczs 
You can run up to 300 watts PEI'and 

tune out SWR on coax. balancrd linrs or 
random wirrs. 

Unconditional Guarantee 
You get afull one year ~cncondiriortal 

guarantee. That mrans we will rrpair or 
rrplare your MFJ tunc5r (a1 our option) no 
matler wtial for a full yrar. 

Others givr you a 90 day lirnirrrl 
warranty. What do vou do qfwr 90 d;lvs'? 
Or hqhre90  days when they say. "Sorrv. 
it's your fault"? 

What's really important? 
precise control for minimum SWR 

What's reallv important is your tunrr 's 
abiiicv to grt yorlr SWR down to a 
minimum --and thr MFJ-949D givrs you 
more prrcise control ovrr SWR than art!/ 
tunrr t hat usrs  two tapprd inductors. 
Why? Brcause the twocontirt~rottsl!~ 

variablr capacitors in thr  MFJ-9491) givc 
you ir!\'lnitely morr positions thart tht. 
lirnilc'd number on two switchrd roils. 

This givrs vou the precise controi vou 
neeti ro get minimum SWR and riiaximum 

power into vour antrnna. 
After all. isn't that why you need a 

tuner') 

High efficiency a n d  a compact size: 
performance is most important 

The MFJ-94RD usrs  a single' airwound 
coil. Ilsing only onr  inductor takrs up a 
rn in in~t~m of slwcc* and t hrrr ' s  no mutual 
couplittg problt.ms. 

The excrllrnt form factor ofthe short fat 
coil gives vou highest Q. Plus you grt 
plrntv of indnctanrr that givrs vou a much 
widrr matching rangr t tiat1 other designs. 

This results in a higtilv rfficient tunrr 
that puts maximuni 1)owrr into your 
antrnna a n d  a ronip;1ct 10 x 3 x 7 inch sizr 
that romplrnirrits your rig and f i t s  right 
into vour station. 

Competing rtlnrrs rrsing ruin tapprd coils 
requirc>a I n r ~ r  c-ahinrt - -  not just to hotrsr 
th~.coils b11t ;llso to hrlp rcducr detrimrrital 
coupling hctu~c.eri t t l r  indrtrtors. Thrrt.s~~lt '? 
A tccnc>r that 's b igger  rhan your radio. 

Your very best value 
The MEJ-940D gives you vortr vcrv hc-st 

valut.. first-rat fa prrli)rmaricc. provrn 
rrliability and tht. hrst gilarantrr in h;lm 
radio. . . all frorn tllr niosl trusted name in 
antenria tunc3rs. Ilon't srttlr for Irss. Grt 
yours todav! 

MFJ's 1500 Watt Tuner 

For a.fe1~9 Cxtr;) ( lo I l ;~r~  I >lF.J-$I~i2( '  l(,ls 

vou ust. your t,arc-foc~t rig now and 11;1\.(. 1 i1cS 

rapacity to adtl ;I 1.5 KW I'EI' linear 
amplifier latrr. I t  rovrrs 1 .H to 3 0  MHz. 

You grt MFJ's nercjpeak and average 
reading Cross-Nrcdlr SWfilWattmetrr. 

You also grt a 6-positiori antenna switch 
and a tvflon wound halrtn with ceramic 
fwd-thru insulators for halanrrd linrs. 
Mrasurcsj~rst 103/1x4'/2x 14 718 inchrs. 

How can an American manufacturer 
like MFJ give you more tuner for 
your money than clearing houses 

for foreign competition? 
MFJ tunrrs arc. trlatl~. i r l  Amc.rlc.;l. 
Here's how MFJ give-s volt more tunrr 

for yortr nlonrv than art!/ clraring housr for 
fort.igti comprtit ion. 

MFJ bt~ilds r\.cry ttrnrr cabinet from 
scr;~tcli using t i i r  I;ltrst high-sprrtl 

compute-r controlled ptlnch prrssrs. 
MFJ nianufartures. assrmblrs and trsts 

rvt,ry PC board that goes into MFJ tunrrs. 
Instruction manuals and or hrr 

materials arc printrd in MF,J's print shop. 
MFJ tunrrs go dirrctlv from our fartory 

to your dralrr. We're not Just an importrr 
a d d ~ n g  proftts, tariffs and import rhi~rgrs .  

With MFJ's efficient in-house manufact- 
urtrtg ;lnd straight to your dralcr distribu- 
tion volt grt thr  most tuner for your nionev. 

WHY CHOOSE AN MFJ TUNER? 
Hard-earned Reputation: Thrrr 's  

just 110 shortcut. MI,LI is a rlantc* yorr 
can trust - -  morr hams trust MF,J tunrr! 
throngtiout the world than all ot tier 
t~ rnr r s  c-ombined. 

Proven Reliability: MFJ h a s  niarle 
ntorc' 1~111~rs.fi)r ritorc, !/cBfcrs 1ha11 arl!/onc 
rBlsc. - -  with MFJ turirrs vou grt ;i higtilv- 
drvrloprd product with provrn rc.liat)ility 

First-rate Performance: MFJ turlrrs 
tiavt. t.;trric.d thrir rt>put;~tion li)r twing 
ahlr to m;itrh just hhout ; iny hing -- 
f l r t ~ / l ~ ~ l l ~ ~ r ~ ~ .  

One full year uncondit ional  
guarantee: That means wc- \ b r i l l  rrpair 
or rc,l)l;~c'c your lunrr  (at our option) rlo 
rr1nrrc.r uthar for a full vrar. 

Continuing Service: MFJ Cirstonicbr 
Scn31t.c. 'l'c.rhriicians arc availat)l(. to hrlp 
vou krrp vnur MFJ turner prrforriiing 
flawlessly -- no matter how long yotr havr 
i t  -just rall 6 0  1-323-5869, 

Your very best value: MFJ ttrnc-rs 
givc yorr thc most for yr~trr rnonry. Not 
only do yo11 get a prn~v'fl turirr at 1111. 

lowrst (~1st - -  you also grt a onr vrar 
urtc~oriditiorial gilarnntt.r and cortrirl~cirtg 
srrvicr. That's how MFJ brramr ttir 
world's Irading tunrr rnanufarturrr - -  
bv givirtg you vour very brst rmltccB. 

Choose vour MFJ turirr with 
roni~ti(~ttc.r! You'rc grtting provrn 
pcrlorriiitncr and rrli;ihility l'roni thr 
nlost trustrd namr i r i  antrnna tunrrs. 
Ilon't svttlr for Irss. 

Call or writr for +fret, full-lint* MFJ 
rat;tiog with all 10 ol'our tuners and 
toris of hnnl radio accrssoric-s! 
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Packet radio made 
simple 
Dear HR 

Congrats to Tom McMullen, WISL, 
on his article, "Packet Radio for the 
First-timer." Clearly, Tom has found a 
way to present his material in an under- 
standable manner to neophyte packet 
ops like me. After reading his article 
several times, I feel confident to attempt 
my first QSO via packet radio. Frankly, 
after reading the operations manual 
provided with my TNC, I became more 
confused as to what to do first. My 
question is: why can't TNC manufac- 
turers write their manual in a simple 
form similar to the style that Tom's arti- 
cle is written? I feel that my manual is 
completely unsuitable for someone just 
getting started in packet radio. Tom's 
work was indeed a sight for sore eyes, 
and I would like to see additional arti- 
cles on packet written in the same 
manner. 

Walt Bilous, WAPDQB, 
Linden, New Jersey 

CodeINo Code Choice 
Dear HR 

Must we always see thlngs as either 
black or white? 

For those who believe in the no-code 
license, simply taking out the code part 
would make the tests too easy. In short, 
it would be the equivalent of opening 
the ham bands to the same general 
public who ruined CB with illegal prac- 
tices and lack of consideration for 
others. Also, there are pre-teen hams 
on the air - surely those having a gen- 
uine interest in becoming a ham have 
a better excuse than "the code is the 
primary obstacle to obtaining my 
license." 

Many of those in favor of the pro- 
code exams have the "I had to take it 
so you should too" mentality. This isn't 
a legitimate reason for maintaining the 
pro-code test but a childish one. 

I propose a compromise to the 
codelno-code debate. Applicants 
should be given a choice of taking either 
the standard code-and-theory test, or a 
substantially harder theory but no-code 
test. An applicant whooptsfor the more 
difficult theory but no-code test may not 
be able (or want) to communicate in 
Morse, but at least shelhe might have a 
technical edge over the ham who opts 
for the current theory-and-code test, 
and doesn't really know how to des~gn 
or construct a working antennalradio 
system. 

With either choice of test, the key 
ingredient in obtaining the license is 
still dedication. If we are to maintain the 
feeling of pride and responsiblity in 
having and using a ham radio license, 
we have to keep it a challenge to earn 
one. 

Richard Stuart, WF7A, 
Lynwood, Washington 

Many benefits along 
the way to a career 
Dear HR 

To me, Amateur Radio is an intrigu- 
ing hobby that led to a professional 
career as a consultant in electromag- 
netic interference and RF circuit 
design. Licensed as WN6RHM in 
1952, 1 remember discovering by the 
direct experience method that the 6L6 
oscillatorltransmitter described in 
"How to Become Radio Amateur" 
(ARRL publication of that era) radiated 

equally well on all bands 80-10 at the 
same time. I remember to this day the 
excitement of working WNGUJX in Van 
Nuys, California as my first contact. 

I am still in frequent contact with Wil 
Claus, KGDKA, whom I met in junior 
high school in the seventh grade. So 
amongst other things, Amateur Radio 
holds forth as a source of lifelong 
friends that I doubt could be obtained 
by other means. 

Some of the technical insights 
gained by the hands-on experience of 
trial and error of those younger days 
give emphasis to the theories of elec- 
tromagnetic and electronic effects 
learned since. In that regard, I think it 
must be said that Amateur Radio is a 
resource in addition to a service andlor 
a hobby. For it is from that resource 
that many of tomorrow's engineers and 
scientists will come. The importance of 
exposing today's youth to this hobby 
cannot be overemphasized. For some, 
as it did for me, it may grow into an avo- 
cation yielding life long friends as a by- 
product along the way. 

As to the issue of how much spec- 
trum is enough for the hams, I doubt 
that any of us will resolve that issue. I 
will say however that as both a profes- 
sional and an "Amateur" in the field of 
communications, there is little doubt 
that Amateur Radio could use some 
sprucing up in the image department 
when it comes to the nature of the use 
of the spectrum. For example, some 
VHF repeaters here in Southern 
California are simply an embarrass- 
ment to the sport of radio communica- 
tion, and its public image. 

However, the future of Amateur 
Radio lies with the youthful licensees 
of today. Some of them will no doubt 
gain from this hobby and therefore be 
in a position later to return something 
not only to the hobby, but to society as 
a whole. Let us hope that the practices 
of the detractors and abusers of the 
privileges associated with Amateur 
Radio do not result in the complete 
loss of spectrum space. 

Steve Jensen, WGRHM, 
Running Springs, California 
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NETWORK ANALYSIS 
Network 
calculations 
made easy 

By Richard A. Gardner; NIAYW, 49 Notre Dame 
Road, Bedford, Massachusetts 01730 

T he Smith Chart is a versatile, time-saving tool useful 
for solving many Amateur Radio circuit and network 
design problems. It addresses network equations 

graphically, elirninat~n~ the need to wade through the math. 
Even so, using the paper Smith Chart can be a time- 
consuming process - especially if many network element 
changes are involved. Having used paper Smith Charts, 
I knew how useful they were but I wanted a more efficient 
approach. I have developed a BASIC computer program 
for the Smith Chart that is easier, faster, and more accurate 
than the paper chart. 

I first used the Smith Chart when trying to understand 
the effect of a matching network on a triband beam. The 
antenna and matching network had an SWR much higher 
than acceptable, so I needed to ~solate the problem to either 
the antenna or matching network. Because I made the 
antenna system impedance measurement from my shack, 
I used the Smith Chart to separate the effect of the 100- 
foot coax feedline from the antenna system measurement. 

The second time I needed to use Smith Chart calcula- 
tions was when I decided to use my antenna tuner as a 
measurement instrument. Because the Smlth Chart can 
handle not only transmission line problems but also circuit 
networks made up of lumped components, capacitors, 
inductors, and resistors, I reasoned that I should be able 
to use the chart to work backwards from 50 ohms to find 
the conjugate antenna impedance. All I needed to do was 
calibrate and model the antenna tuner capacitors and vari- 
able inductor accurately. However, when I was working on 
the right side of the Smith Chart, small positional changes 
represented significant changes in component values, and 
it was extremely difficult to come up with an accurate meas- 
urement. What I needed was a computer-aided chart to pro- 
vide computational accuracy. 

These two tasks gave me some incentive to explore a 
computerized Smith Chart. The basic ideas for this program 

came from two excellent articles by Lynn Gerig.'.2 I've cor- 
rected some errors, added features (like modular compu- 
tation structure), included additional network elements, 
incorporated hyperbolic functions into transmission line 
eq~~ations to account for line losses, provided for recall of 
prestored user-defined loads, and rewritten the program for 
use on IBM PCs and compatibles. I found that these addi- 
tional features made the original program even more useful. 

Since improving the computerized Smith Chart, I have 
found many uses for it - including the design of matching 
networks for amplifiers, antennas, and oscillators, and deter- 
mining transmission line effects on antennas and filters. The 
computerized version is faster and provides a more pre- 
cise output than is possible with the paper chart. The pro- 
gram structure and equations have been developed to 
address the specific capabilities I needed in a computer- 
ized Smith Chart. I've made many changes to the program 
as my needs have changed. I expect other users may also 
want to make changes; the modular structure makes cus- 
tonnization straightforward. 

What does the program do? 
The Smith Chart Network Analysis program calculates 

the resultant impedance of user-selected network elements 
in series or shunt, with a user-defined load. The two net- 
wo'rk configurations are shown in Figure 1A and 16. The 
resultant impedance is then plotted on a Smith Chart, which 
IS  reproduced on the screen. The user-selected network 
elements can be either lumped components or transmis- 
sion line sections. 

,4 subprogram, which calculates component values for 
se~ries and parallel resonant circuits, is included with the 
Smith Chart Network Analysis program. It can also be used 
alone. I've found it's very helpful when used in conjunction 
with the Smith Chart, while solving resonant network prob- 
lerns. 

,As shown in Figure 2, complex numbers are used to 
describe the various impedances with R + jl representing 
the user-defined load, A + jB representing the user- 
selected network elements, and X + jY denoting the resul- 
tant impedance. The user-defined load must be described 
as a series resistance and reactance at each frequency of 
interest. If you have a load in mind which is described as 
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( a )  SERIES CONFIOURATION 

ELEMENT 
x+lr 

( b )  SfuN; CONFIGURATION, 

NETWORK DEFINED 
ELEMENT 

User Selected Network Element and User Defined Load connections 
for series and shunt configurations. 

also accept a single user-supplied attenuation value if one 
of the six cable options isn't selected. 

You can select a step-up or step-down transformer for 
insertion in series with the load. The transformer is assumed 
to be ideal; however, transformer leakage and magnetiz- 
ing inductances and stray capacitances can be simulated 
by using the appropriate network elements, along with the 
transformer element. 

Sample problem 
Here's a simple design to clarify what I've described so 

far. (Those not familiar with the Smith Chart may want to 
read Appendix 6 for some help in using a Smith Chart 
before proceeding.) Say you want to use a 40-meter 
antenna on 30 meters. To obtain an acceptable SWR, you'll 
need some kind of matching network. You'll need the 

User-defined load R+jl 
User-selected network element A+jB 
Resultant impedance X+jY 

I SERIES I 

I Resultant impedance for series combination I 
Resultant impedance for shunt combination 

Complex notation for User Selected Network Elements, User Defined 
Loads, and resultant impedances. The equations are for the series 
and shunt configurations. 

a parallel combination of elements, you can find the series 
equ~valent using the Smith Chart program. Appendix A 
describes how to do this. The essential calculations per- 
formed by the program are those which compute numerical 
values for the user-selected network element and for the 
resultant impedance. The resultant impedance is displayed 
in complex notation and also plotted on the Smith Chart 
as shown in Figure 7. 

Figure 3 illustrates the 24 network elements contained 
in the program. Some of them are redundant, but are 
included for convenience. For example, the series RLC ele- 
ment could be formed by selecting (in turn) a serles R, a 
series L, and a series C; however, it's rather slow and cum- 
bersome. You can generate your own network elements by 
expressing the network element's impedance in complex 
form and using it to replace an existing network element 
in the program. 

You can select five transmission line configurations: a 
transmission line in series with the load, an open or shorted 
stub in parallel with the load, or an open or shorted stub 
in series with the load. Transmission line computations take 
line attenuation into account. The attenuation for six com- 
mon coax cable types is calculated automatically at the fre- 

SHUNT 

Network Elements that can be selected to form matching network 
designs. 
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impedance of the 40-meter antenna system measured at 
30 meters to begin the design. Using a noise bridge, meas- 
ure the combined dipole and feedline impedance at 30 
meters. Table 1 shows the measured load values, R + jl, 
of my 40-meter dipole at the frequencies of interest, and 
this data will be entered into the program when requested. 
The user-defined load in this case is the 40-meter 
dipolelfeedline shown in Figure 4A. If this load were driven 
without a matching network, it would present the SWRs 
shown in Table 1 -values that are calculated by the program. 

There are two possible places to insert a matching net- 
work: one is down in the shack (see Figure 4A), and the 
other is up at the antenna (see Figure 48) .  The first design 
example, shown in Figure 4A, will describe a matching net- 

work connected at the transmitter end of the coax. This 
matching network will be made up of a combination of 
shunt and series network elements. Although there are liter- 
ally an infinite number of matching network configurations 
that could theoretically satisfy the requirements, I chose a 
simple L-network for this demonstration. (Once you're famil- 
iar 'with the Smith Chart, the network configurations that can 
perform the match become readily apparent.) This simple 
L-network consists of a shunt L and series C, as shown in 
Figure 5. Note that the order in which the network elements 
are used is important. The shunt inductor must be adja- 
cent to the load followed by the series capacitor. Placing 
the components in the opposite order will generally result 
in a different impedance. 

0 )  I---- I 'USER DEFINED LOAD) 

MATCHING 42.5' OF RG-58C 40 METER 
NETWORK DIPOLE - 

b )  r-- (USER DEFINED LOAD) 

Diagrams showing the matching network and user defined load configuration for the sample problem described in the text. Figure 4A 
shows a matching network located at the transmitter end of the coax. Figure 48 shows a matching network located at the antenna end 
of the coax. 

40 METER 
DIPOLE 

Sample problem matching network solution and component values. 
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If You Want the Most Advanced TNC Today ... 
I 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 

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 
clusterm compatibility, KA-NODE" path pres- 
ervation, KA-NODE recognition of the "NET" 
nodes and H F  baud rates from 50 through 300! 
And there are three new mailbox commands: 
Lkt Mine, Read Mine and Kill Mine. 

and Tomorrow ... - -  - 
writes, and every unit Kantronics designs and 
produces are born right here at the factory in 
the U.S.A. 

Will the Real Dual-Port 
Please Stand Up? 

Meet Your Mailman R e a d  our lips. The KAM" is the only true 
dual- port when it comes to packet. Your 

Tn this age of ielco LANS, E-mail and FAX, Personal Packet  ailb box'" is accessible from 
both HF and VHF! Version 2.85 has dual-port 
compatibility with RLVMBL boards and KISS 
mode for both ports. You can monitor HF and 
VHF packet operations at the same time. 
Users can even gateway from H F  to  V H F  (or 
in reverse) through your KAM. 

Kantronics AII- ode" (KAM) has Packet, 
WEFAX, ARQ, FEC, RlTY and CW recep- 

PBBS is j ~ ~ s t  one of the firsts Kantronics delivered. tion. But we have five models to suit your par- 
ticular taste. Ask your dealer for the best 

you will know you have mail in your Personal choice today ... and tomorrow. 
Packet   ail box'" when your KAM "STA" LED 
is blinking. New firmwaie level 2.85 has also 
added a handy automatic mailbox user- 

KZ Kantronics 
R F  Data C o m m u n ~ c a t ~ o n s  S p e c l a l i s t s  

Packet Cluster" is the copyrighted soflware of Pav~ll~On Software 
KAM -. All.Mode", KANODE". and Personal Packet Mallbox -. 

are trademarks ol Kantronics Company. Inc. 

1202 E 23rd Street Lawrence. Kansas 66046 
(913) 842-7745 



40-meter dipole plus feedline impedance on 30-meter band. 

Frequency R i I SWR 
10.100 95.0 +j161 7.75 
10.125 95.6 +j171 8.43 
10150 96.9 +j181 9.11 

I 40-meter dipole impedance on 30-meter band. I 
Frequency R j I SWR 
10.1 4.1 +j17.1 13.8 
10.125 3.4 +j17.1 16.4 
10.15 2.8 +j17 19.7 

Smith Chart showing two admittance and two impedance circles. 
The solid admittance and impedance circles pass through the 
chart's center, 50 ohms. 

In this example, the matching network consists of two 
user-selectable network elements - a shunt inductor and 
a series capacitance. Values for these components will be 
determined later, but first be sure you understand that the 
user-defined load is the 40-meter dipole and feedline 
characterized at 30 meters. In this case the matching net- 
work consists of two user-selected network elements, a 
shunt inductor, and a series capacitor. 

The design objective is to obtain an acceptable match 
at the frequencies listed in Table 1. Do this by looking at 
the plotted load points on the Smith Chart, and by trial and 
error. Select a shunt inductor value which drives the resul- 
tant impedance (X + jY) to the circle labeled Z in Figure 6. If 
you try an inductor value of 7.3 pH, the new resultant imped- 
ance points will be located roughly on the Z circle perime- 
ter. Note that the real part of the impedance is now very 
close to 50 ohms. Now, select a value of series capacitor 
which will move these polnts down toward the center of the 
chart - the 50-ohm point. Trial and error shows that 120 
pF is an acceptable capacitor value (see Figure 5A). 

The second design approach assumes that the match- 
ing network will be placed at the antenna, as shown in 
Figure 4B. Agaln, start with the measured data in Table 1. 
In this case the 40-meter dipole is the desired user-defined 
load, but in order to determine its impedance the feedline 
effect must first be removed from the impedance measure- 
ment made in the shack. If you were using a paper Smith 
Chart, you could calculate the feedline length in fractions 
of a wavelength and then rotate the impedance points in 
the correct direction to determine the dipole's impedance. 
Removing the feedline's effect is much simpler with the 
Smith Chart program. Simply choose a negative value for 
the feedline length when the program requests the line's 
length. Cable length is entered in inches, and since the 
cable length is 42.5 feet, enter -510 inches as the feed- 
line length. Table 2 shows the dipole's calculated imped- 
ance or user-defined load for this example. As in the previ- 
ous example, there are many possible matching network 
configurations that will satisfy the requirement. For this 

40-meter dipole with matching network. 

Frequency R j I SWR 
10.1 56.8 -17 1 1.2 
10.125 55.7 +j2.8 1.13 
10.15 53 +j12.0 1.29 

I Impedance seen by transmitter. I 
Frequency R il SWR 

47.3 -j0.2 1.06 
10.125 54.6 - 12.8 1.11 
10.15 62.8 -j6.6 1.29 

example, select a simple matching network that consists 
of a shunt capacitor followed by a series capacitor. Using 
the Smith Chart Network Analysis program and selecting 
values of 750 pF and 390 pF, respectively, will result in an 
irrlpedance close to 50 ohms. The actual impedance values 
are shown in Table 3. These impedance values represent 
the combination antenna and matching network imped- 
ance. This load impedance will be connected to the trans- 
mitter through the feedline coax. To find the load seen by 
the transmitter, select the series transmission line network 
element. Since 42.5 feet of RG-58A coax is being added 
back into the system, select +510 inches when prompted 
for coax length. The computer will then calculate the trans- 
mitter load shown In Table 4. 

From the SWRs shown in Tables 3 and 4, you can see 
that the matching network design has been successful. 

Program description 
The program is menu driven and contains enough direc- 

tion to be used with minimal help, provided you have a basic 
understanding of Smith Charts. For those readers who are 
unfamiliar with them, I recommend References 4 and 5. 
I've included a very brief description of Smith Chart opera- 
tion in Appendix I3 to get you started. 
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. P.. . _ . . .  

IC'OlI incorporated your most requested 
features with modern technology's best 
designs to produce the remarkable IC-i65 
dream rig. Its combination of excellent per- 
formance and superb reliability truly open 
a new dimension In HFoperatingenjoyment. 
THE HF FOR TODAY'S ACrmi AMATLUR. 

1ncludt.s: *Band Stacking Registers. 
Each band's V F O i  retain the last selected 
frrquency, mode and filter choice when 
chan 'ng bands. Produces the equivalent of 
211 \I% 's: two per band. Great for multiband 
DN'ing! *99 Fully Tunable Memories. 
Store frequency, mode and filter selections. 
Each one can be returned andl'or repro- 
grammed independent of VFO operations. 
hlrmories 90-99 also store split T x R x  fre- 
quencies. *loHz Readout. l'erfect on-the- 
dot frequency selection for nets, IIX skeds 
and data communication modes. *Full 
QSK Break-in. For super CW operations! 

Filters. ?'he FL-32A and F1,-5211, delinlr 
razor sha selectivitv. A serious [IX'ers 
delight! FL-KIA and FL-101 optional. 

Thr  IC-7fi5 General Coverage Receiver 
covers all bands, all m d r s  and is backtd 
by ICOM's full one-year warranty at any one 

and AMTOR o rations. 0" of our four North American Senice Centers. 
*Maximum peration Flexibility! The The IC.35 turns your dreams into reality! 

three step attenuator cuts multi.station 
overloads. *Built-in AC Supplv. The IC-'ifis 
is IOO percent duty cycle ratcd for cool 
operat~on and superb performance on all 
modes! *Fullv Automatic Antenna 
Tuner. With built-in CPU and memory for 

0 
extremely fast tuning and one-touch opera- 
tion. Wide tuning range. *CN' Pitch 
Control. Total operating comfort and 

ICOM 
First in Communications 
I M , ,  I i , < r i  1 1 ,  *+  ;.,, r.r r ~i,.i.,,,,,,. f l ~  q m  

convenience for successful contesting and 
;;:;;;:,%1:; "q;l,y2;2~!r,4":;;;e,3 

DX'ing. An iambic keyer with adjustable I 7 7 .  I'hor.n~x Parkwdy SUII,. 3 1 Atlanta C I A  ? o w  
ICOM C A N A D A  A Livisii,~> (11 Ir OM Arntr~c.t Inc :m71 speed and weight is also built into the IC.i65! 8s frond 9 Richmond B C  VIA C.lnnda 

ICOM also included *Narrow 500Hz C\v 1:~2.~&T,~~',~,?~;~~6u''*~~~a~~~~F~~~~~~~~~~~~,~!~r.r,?4~.''v 
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and a long way to anywhere. 
You probably couldn't find a 
better test of the new SR-1400 
All-Mode Transceiver than Heath's 
expedition to Taipei in the 
Republic of China. 

When working DX, you need 
sensitivity to dig for the weak 
ones, but still need dynamic range 
so the guy down the block doesn't 
clobber you in the middle of a 
QSO. Sure, the SB-1400 worked the 

features clarifier (RIT), front 
panel AGC, noise blanker, all 
mode squelch, 20 dR attenuator, 
computer interface, and a clean, 
"operator preferred" front panel 
layout. 

The transmitter's PA is cooled 
by a quiet, thermostatically 
controlled internal fan and is 
enclosed in its own diecast 
aluminum heat-sink chamber, 
which allows for full power 
operation in CW, SSR, FM and 
R T N .  AMTOR, S S W ,  and Packet. 

Heath 
offers you more. 

In addition to the SR-1400, 
Heath offers a full line of pre- 
assembled or  build-it-yourself 
amateur radio equipment to 
completely ouffit your ham shack 
or upgrade your system. 

You can also prepare for your 
next exam (Novice, Technician, 
General, Advanced or Extra class) 
with Heath study courses. 

Finally, as a Heath-equipped 
ham, you can get answers to your 



The program is designed to use default values if you offer 
no input. Default values are either the initialization values, 
entered automatically at program start, or the last value you 
enter. When the program prompts for a new value, the 
default value is displayed followed by a?. If you wish to use 
the default value, simply hit the Enter key. 

When you're asked a question requiring a simple yes or 
no answer, hit the Y or N key as appropriate to carry out 
your action. When entering "letter" answers, you can use 
either upper or lower case. 

The program starts out with a four-item menu. 
* CHOOSE AN OPERATION * 
START A NEW NETWORK = 25 
RESONANT CALCULATIONS = 26 
CLEAN UP CHART = 27 
REVIEW NETWORK = 28 

The default selection is 25, "Start a New Network." This is 
the way you'd normally start a design. An alternative start- 
ing point is the "Resonant Calculations" selection. This 
selects a subprogram which permits the calculation of series 
or parallel resonant circuit parameters like Q; resonant fre- 
quency; or R, L, and C values. When you've completed res- 
onant circuit calculations, you'll exit back to the main Smith 
Chart program. Don't select operations 27 and 28 initially; 
they are useful only after a network design has started. 

Once you've selected the Start a New Network opera- 
tion, the program enters the setup mode. During setup, pro- 
gram constants are assigned, variables are initialized, and 
user-selectable parameters are established. The first setup 
parameter requested is the SWR circle radius. A circle will 
be drawn on the Smith Chart and all plotted points that fall 
within this circle will have a SWR less than the value you 
specify. A default value of 1.5 is used if you don't offer a 
value. The program goes on to request the Smith Chart 
impedance. This impedance defines the chart's center 
impedance. For example, if you wish to match a load to a 
72-ohm system, you would select 72 ohms as the chart 
impedance. Because I work most often with 50-ohm sys- 
tems, the default value is set at 50 ohms. 

Next, you'll be asked if you want to recall prestored load 
data. (The prestored load data currently listed describe my 
antennas, and are probably not of use to most of you.) You 
may want to enter the impedance of your antennas or other 
selected loads into the data statements. It's particularly use- 
ful for those user-selected loads that are used repeatedly. 
Prestored load data begins at program line 4430. Appen- 
dix C discusses how to modify the prestored load data. 

If you don't select the prestored load data, the program 
will ask: "How many frequencies?" (For how many frequen- 
cies do you wish to calculate the resultant impedance?) Ini- 
tially, you might select two or three frequencies across the 
ham band of interest, until you get an idea of how the pro- 
gram works. You can enter up to ten frequencies. 

The program now requests the frequency in MHz and 
the load impedance at each frequency. It will continue to 
request this information until you've entered all frequencies 
and load impedances. When all data have been entered, 
the program will give you an opportunity to check the data 
and make changes. It will ask: "Are you satisfied?" Simply 
enter Y if the displayed data are correct, or N if not. If you 
answer no, the computer gives you another opportunity to 
load prestored data. If you answer no to that choice, you'll 
be given a chance to repeat the data entry process, cor- 

Frequency RS XS SWR 
10.1 56.8 33.3 1.87 
10.125 55.7 43.1 2.23 
10.15 53.0 52.2 2.66 

Select any key to continue 

Impedance and Smith Chart as displayed by the program. The 
resultant impedance, X+jY, Is displayed and plotted on the Smith 
Chart as shown. Note that the notation X+jY Is used in the BASIC 
program, but the resultant impedance Is displayed as Rs and Xs 
on the screen. Rs = X, the series resistance, and Y = Xs, the 
series reactance. 

recting the errors as you go. Because previously entered 
data will now be the default data you need, enter only the 
corrections. When all data are correctly entered, you'll be 
given the option of printing the user-defined load data. Do 
not elect to print unless a printer is connected, or the com- 
puter will hang up. If that happens, you'll have to reboot 
the system and you'll lose all the network values you've 
entered. 

The program now plots your load data on the screen 
along with a simplified Smith Chart, as shown in Figure 7. 
Note that the frequencies are plotted in the order in which 
they were entered. The first frequency is plotted with a small 
circle, the second with a medium circle, and the third with 
a large circle. The sequence begins again with the fourth 
frequency. This display permits an unambiguous identifi- 
cation of each frequency - a feature which will be helpful 
as your design proceeds. 

As shown in Figure 8, a menu which lets you select either 
series or shunt networks elements is displayed beside the 
Smith Chart. After you enter an element number, the com- 
puter prompts for component values. After they've been 
entered, the new resultant impedance is displayed on the 
Smith Chart, along with the real and imaginary numerical 
values. At this point the program asks: "Do you want to 
accept this run?" Select N if the resultant values aren't 
acceptable, and you'll be given an opportunity to select new 
component values. If the values were acceptable, the pro- 
gram will display your design configuration to this point. 

For users with a poor short term memory (like me), there's 
a recall feature that permits review of the elements 
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I Choose a network element I 
Element Series or Shunt 
R = 1 13 I 
L = 
C = 
RlLC = 
LlRC = 
ClRL = 
Series LC = 
Series RLC = 
Parallel LC = 
Parallel RLC = 
Stub line = 
Trans. line = 
Transformer = 

Choose an operation 

Start a new network 
Resonant calculat~ons = 26 
Clean up chart - - 27 
Review network - - 28 

Enter # 1 to 28 M = 277 

Smlth Chart Network Analysis program menu display. 

"accepted" during the current design session. This is help- 
ful in recalling the order and the component values selected 
for the final design solution. You can obtain a hard copy 
by using the "PrtSc" key. 

After you have selected elements within a design, the 
Smith Chart becomes a bit messy. I've included a feature 
to clean up the chart, which clears out all intermediate 
impedance plots, and replots the Smith Chart with only the 
latest design values. 

Getting started 
Try the sample problem while following the procedure out- 

l~ned in Appendix 6. Experimenting with each of the net- 
work elements in Figure 3 will help you understand how 
series and shunt components transform impedances. I'm 
sure you'll find designing with the Smith Chart an enjoy- 
able and efficient process. 

If you'd like to type in the program, you can obtain a copy 
from Ham Radio by sending a business sized SASE. For 
those who don't like to type, I'll provide a copy of the pro- 
gram on disk to anyone who sends me their mailing 
address and $5 to cover postage and mailing materials. 

I've written the program in BASICA and configured it to 
operate on an IBM XT or AT equipped with an EGAWonder- 
card. Although I haven't tried, I believe it will also run w~th 
an IBM EGA card. The program has been run using 
HBASIC (used with the Hercules graphics card), Microsoft 
QuickBASIC, and GWBASIC. When you run with the 
EGAWondercard, you should select the option 2 or 3 dis- 

Appendix A 

Converting a parallel network to a series 
equivalent 

Assume you have a load that is a parallel RLC network 
and you want to generate the series equivalent, R + jl, at 
frequency f l .  First select one component of the RLC net- 
work to be the user-defined load; it doesn't matter which 
one. Then use the program to add the other two compo- 
nents in parallel with the first one selected. The program 
calculates the resultant combination, and displays the result 
in the series form, R + jl. 

For example: take a RLC network whose individual values 
are known to be R = 300 ohms, L = 4 pH and C = 240 
pF. Select the 300-ohm resistor as the user-defined load 
and, when the program requests it, enter the load 
parameters R = 300 ohms and I = 0 at the frequency of 
interest. (You can choose more than one frequency if you 
wish. Just enter the other frequencies when requested, but 
enter the same load, R = 300 and I = 0.) Next, choose 
a parallel LC from the network elements, number 21, to be 
put in shunt with the 300-ohm load. The LC values for this 
example will be 4 and 240 pF, respectively. The result 
calculated by the program for f l  = 7.2 MHz is 84.3 - j134.9. 
This is equivalent to a resistor of 84.3 ohms in series with 
a capacitor of 163.9 pf. Remember that this equivalence 
is valid only at 7.2 MHz. 

Appendix B 

play mode before entering the BASIC interpreter or com- HOW to a smith chart for impedance 
prler. I have also run it on an AT and XT equ~pped with the 
Hercules ara~hic card and on the Toshiba TS1100 and matching 
Zenith ~ ~ L l 8 3 - 9 2  lap top computers. I strongly recommend that those who enjoy RF circuit 
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design learn how to use the Smith Chart. A description of 
some basic procedures necessary to design a simple 
matching network follows. To gain a thorough understand- 
ing, check out references 4, 5, 6, and 7. 

Although network problems could be solved with a set 
of simultaneous equations, the Smith Chart does the cal- 
culation for you while providing a graphic insight into the 
problem. It also provides potential solutions that the equa- 
tions don't supply, and does away with many tedious cal- 
culations. 

There are three circles within the Smith Chart circle (see 
Figure 6). The circle tangent to the left side of the Smith 
Chart is an admittance circle; the one tangent to the right 
side is an impedance circle. There are other admittance 
and impedance circles that can be drawn; however, these 
two are especially important because they pass through 
the chart's center. You can choose any value you wish for 
the chart's center impedance; for this discussion assume 
it is 50 ohms. The middle circle is the SWR circle and will 
be discussed later. 

Other larger and smaller diameter admittance and 
impedance circles can be drawn, but they must be tangent 
to the left or right of the Smith Chart, respectively. (These 
other circles aren't shown in the computer display because 
I wanted to keep the chart relatively simple.) Reactive com- 
ponents (capacitors or inductors), placed in series or par- 
allel with a load, will cause the load impedance to shift along 
these circles or paths. Shunt components cause shifts along 
the admittance circles and series components cause shifts 
along impedance circles. Capacitors cause shifts toward 
the bottom of the chart and inductors cause shifts toward 
the top. With these basic rules, you can design a simple 
matching network. 

Enter the abritrary load impedance, the frequencies of 
interest, and the desired SWR into the program. The pro- 
gram will draw a Smith chart on the screen, along with the 
points which represent your arbitrarily selected load. The 
"matching network game" objective is to select network ele- 
ments which will move the load toward the 50-ohm point 
- the center of the Smith chart. However, the rules con- 
strain you to move only along impedance or admittance 
circles to reach the center. Any impedance or admittance 
circle can be used as part of the path to reach any other 
circle on the way to the center. 

Because the match does't have to be exactly 50 ohms 
to work properly, a matching performance criteria or SWR 
is used. A SWR of 1.5 or less is selected for this example, 
and when all load impedance points fall within this circle, 
the desired match will have been achieved. 

Using Table 1 data which are plotted in Figure 6, you 
can see that the user-defined load falls inside 
the impedance circle labeled Z. There are several design 
solutions available, but two very straightforward approaches 
involve moving the load impedance to the Z circle. Do this 
by moving the load impedance either up or down along 
an "invisible" admittance circle. Moving up along an admit- 
tance circle implies using a shunt inductor; moving down 
implies using a shunt capacitor as the first element in the 
matching network. Once you've moved the load impedance 
to the Z circle, you must move it to the center of the chart. 
If you first used a shunt capacitor to move the load to the 
Z circle, you have to select a series component to move 
it along the Z circle. Because the impedance must be 

moved upward, a series inductor is required. If you used 
a shunt inductor to get the Z circle, you'll need to use a 
series capacitor to move down the impedance circle toward 
the Smith Chart's center. 

I've been shown that two component combinations can 
move the initial impedance toward the 50-ohm point. 
Choose a combination for this design and determine the 
component values by selecting trial values and letting the 
program calculate and display the new resultant impedance. 

Use the Smith Chart Network Analysis program to deter- 
mine the component values which move the load the proper 
amount. Try a few values to see how the load impedance 
is moved on the chart. After entering the load values from 
Table 1, select a shunt capacitor from the menu for the first 
component. When prompted for a value, make a guess 
based on your experience, or from the capacitor values 
available in your junkbox. You'll find that if you try a value 
of 100 pF, the load doesn't move downward far enough, 
but appears to move about half the distance. A value of 
170 pF will cause the three load points to straddle the Z 
circle line. For the series inductor, a little experimenting will 
lead to a value of 2.2 pH. All three points now fall within 
the SWR circle of 1.5, with the displayed numerical values 
showing a maximum SWR of 1.21. 

Appendix C 

Changing prestored load data 
Prestored load data are contained in data statements at 

the end of the program starting at line 4430. The data must 
be entered in a specific format in order to be interpreted 
correctly by the Smith Chart Network Analysis program. 
Data are entered with frequency in MHz first, the real part 
(R) of the load impedance second, followed by the load 
impedance's imaginary part (jl). For example, if the load had 
an impedance of 27 + j34 at 14.2 MHz, and 29 + j38 at 
14.3 MHz, the data statement would be: 

DATA 14.2,27,34,14.3,29,38 
REFERENCES 
1. L Gerlg, "Computer Interface for Smlth Chart Calculatlons," RF Deslgn JanuaryIFebruary. 1982 
2 L Gerlg, "Sm~th Chart Impedance MatChlng On Your Commodore 64:' Ham Rad~o, October 
1984 - - 
3. The ARRL Handbook for the Radro Amateur, ARRL. 1985 
4 The ARRL Antenna Book, Th~rteenth Ed~t~on. 
5. "HF Trans~stor Ampllf~er Des~gn," RF Des~gn, SeptemberlOctober. 1981 
6. P Sm~th, "Transm~ss~on L~ne Calculator:' Electronrcs, January 1939 
7 P Sm~th, "An Improved Transm~sslon Llne Calculator," Electronrcs. January 1944. 
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THREE-ELEMENT 
VERTICAL DRIVEN 
ARRAY FOR 
I0 METERS 

By Douglas Rowlett, Ph. D., WBSIRI, 2603 North 
Brompton, Pearland, Texas 77584 

T en meters is wide open to Europe and Africa in the 
mornings, and to Japan and Australia in the even- 
ings. But you just can't seem to break through the 

pileups - all the guys with their kilowatts and six-element 
monobanders at 70 ieet grab the OX before you can even 
hit the microphone switch. Your barefoot transceiver and 
trap dipole just don't cut the mustard. Sure, you make a 
few contacts overseas - but your signal reports are always 
low, and no one wants to ragchew the way they do with 
those who are putting in better signals. Even ~f you had the 
money, your neighborhood's deed restrictions make a tower 
and rotatable beam out of the question, and an amplifier 
would only cause more TVI. 

Sounds familiap Well, why not try a vertical driven array3 
A three-element array for 10 meters is only 8 feet tall by 
17 feet long, and should fit in the smallest backyard. The 
antenna in Figure 1 is an end-fire array with elements 2 and 
3 fed 90 and 180 degrees out of phase, respectively, rela- 
tive to element 1. The array provides about 4.5-dB gain over 
a single quarter-wavelength vertical, has a front-to-back ratio 
of 15 to 20 dB, costs less than $30 to build (even if you buy 
everything new), and can be erected in a single weekend. 
Separate gamma matching for each element simplifies 
adjustment and provides a low VSWR. Its low height makes 
this array unobtrusive, and if you mount the elements in your 
backyard the neighbors won't even know it exists. The major 
lobe is fairly broad, and the beam heading can be switched 
180 degrees by swapping the phasing lines to elements 
1 and 3. 

Construction 

dlameter EMT condu~t, which runs about $2 per 10-foot sec- 
tion. The shorting bar, clamps, and coax-connector sup- 
port are made from the U-shaped two-hole straps commonly 
sold as wall fasteners for 314-inch conduit (see Figure 2). 
These usually sell for about $1.25 per dozen. Radials for 
each element are quarter-wavelength sections of whatever 
size wire you happen to have on hand. It doesn't matter 
whether the radial wires are solid or stranded, and insula- 
tion on the radials makes no difference in performance. 

Element lengths 
Antenna elements constructed of tubing should be 

slightly shorter than quarter-wavelength elements made of 
wire. The formula 2301F~~,  results In element lengths of 
8 feet at 28.5 MHz, which will provide a reasonably low 
VSWR over the entire 10-meter band. After the elements 
have been cut, deburr the cut ends with a flle and drill four 
evenly spaced 3132-~nch holes around the circumference 
and 114 to 112 inch from one end of each element. You'll 
attach the radials and coax connectors at these points later 
with no. 6 self-tapping sheet metal screws. 

Gamma rods 

The gamma rod and variable gamma capacitor for each 
element consists of a 20-inch piece of 112-inch conduit, an 
18-inch piece of RG-8 foam dielectric coaxial cable, four 
condu~t straps, and an SO-239 female coaxial cable con- 
nector. Cut and deburr the piece of conduit, then strip 
1.5 inches of insulation from one end of the piece of RG-8 
foam coax. Fold back the braid and remove 1 inch of the 

The elements are made of 314-inch diameter EMT con- center dielectric; then solder the braid to the center con- 
duit, which sells in hardware stores for under $3 a 10-foot ductor. Tape and seal the other end of the cable to prevent 
section. The gamma-matching rods are made from 112-inch moisture contamination. Next, flatten two of the conduit 
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r1/4 WAVELENGTH ~w WAVELENGTH 1 

ANY LENGTH 5051 LlNE 
TO STATION 

984 x V F  x n DEGREES 
DELAY LlNE LENGTH = 

FynZ X 360 

Threeelement driven array for 28 MHz. Phasing lines are cut accord- Assembling gamma rod and antenna element. 
ing to formula in text. 

straps (a hammer works fine for this). File a notch in the 
end of one strap so the hole in the strap will mate with one 
of the holes on the SO-239's mounting flange. Fasten the 
strap to the connector with a 4-40 screw, lockwasher, and 
nut as shown in Figure 3. Bend the other end of this strap 
as indicated, and fasten it to the bottom of one element with 
a no. 6 self-tapping sheet metal screw. 

Gamma assembly 
Make the shorting bar clamps by straightening the "ears" 

on the two remaining straps. Slip one modified strap onto 
the element, slide the other onto the gamma rod, place the 
remaining previously flattened strap between them (see 
Figure 3), and fasten tightly with machine screws, lock- 
washers, and nuts. Tighten the screws to form the clamps; 
they can be loosened for adjustment. Slip the already pre- 
pared section of coaxial cable into the gamma rod (don't 
worry about the sloppy fit - it won't make any difference 
in performance) and solder the shorted end of the cable 
to the center conductor of the S0-239. 

The gamma rod with the cable inside makes an adjust- 
able tubular capacitor of about 100 pF, which eliminates 
the expense of finding a suitable transmitting-type variable 
capacitor and the hassle of building some sort of weather- 

proof enclosure for each element. Loosen the clamps on 
the shorting bar and set the top edge of the gamma rod 
clamp 2 inches from the top of the rod and the bottom edge 
of the element clamp 23 inches from the base of the ele- 
ment. These dimensions will be your starting points during 
adjustment and tuneup. Tighten the clamps, set the ele- 
ment aside, and prepare identical matching sections for ele- 
ments 2 and 3. It should take only a couple of hours to build 
all three elements. 

Element mounting 
The elements should be spaced a quarter wavelength 

apart using the formula 246/FMH, (8 feet, 7 inches at 28.5 
MHz), and mounted so they are in line with the compass 
bear~ng you wish to favor. I put mine on a wooden picket 
fence running due east and west; this gives me good cover- 
age of Europe and Africa in one direction, and Australia 
and Japan in the other. As the main lobe is fairly broad, 
precise aiming isn't necessary with this array. The elements 
are fastened to the fence with conduit straps and wood 
screws. If you don't have a handy wooden fence running 
in the right direction, you can fasten the elements to wooden 
posts set deep enough to ensure that they won't topple over 
if disturbed. 
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INSIDE VIEW - RS-1ZA ONE YEAR WARRANTY MADE IN U.S.A. i 

MODEL RS-5OA MODEL RS-SOM -MODEL VS-50M 

I 1 
I RM SERIES 19" x 5% RACK MOUNT POWER SUPPLIES 

Cmnllm~a~s ICS' Slza (IN) Sblpplm( 
MODEL Only (Amps) Wp:) H x W x D  Wt. (lbs.) 
RM-12A 9 12 5'9i X 19 X 8% 16 
RM-35A 25 35 5% X 19 X 12% 38 
RM-5OA 37 50 5% x 19 X 12% 50 

Separate Volt and Amp Meters 
RM-12M 9 12 5% x 19 x 8% 16 
AM-35M 25 35 5'14 X 19 X 12% 38 

MODEL RM-35M RM-50M 37 50 5'14 x 19 x 12% 50 

RS-A SERIES ~ a n l l ~ n e a s  ICS' Slzn (IN] Sblp~in( 
MOOEL om~y (Amps) IAme l  H X W X O  wt. 11bs.1 
RS-3A 2.5 3 3 x 4l4 x 5% 4 
RS-4A 3 4 3% x 6'12 x 9 5 
RS-5A 4 5 3'12 X 6'10 X 7% 7 
RS-7A 5 7 3% x 6% x 9 9 
6 - 7 8  5 7 4 X 7% X 10% 10 
RS-1OA 7.5 10 4 X 7'k X 10% 11 
RS-12A 9 12 4 % ~ 8 ~ 9  13 
RS-120 9 12 4 x 7'12 X 10% 13 
RS-2OA 16 20 5 X 9 X 10% 18 
RS-35A 25 35 5 X 1 1 X 1 1  27 

MODEL RSdA RS-5OA 37 50 6 x  13% x 11 46 

RS-M SERIES Cantinaans ICS' Siza (IN) Sblppln) 
MODEL Dntv (Amps) I A V )  H x W x D  WI. [Ibs.] .. - . Switchable volt and Amp meter 
RS- 12M 9 12 4'!r x 8 x 9 13 
Separate voll and Amp meters 
RS-20M 16 20 5 x 9 x 10% 18 
RS-35M 25 35 5 X 11 X 11 27 
RS-50M 37 50 6~ 13% x 11 46 

VS-M AND VRM-M SERIES Separate Volt and Amp Meters Output Voltage adjustable from 2-15 volts Current limit adjustable from 1.5 amps 
to Full Load 

_ ._-- .  - Cenlinrmns ICS' Slzm (IN) Sblpplnl 
MODEL Duty (Amps] (Amps) H x W x 0 Wt. (lbs.) 

@13.8VDC BlOVDC @5VDC @13.8V 
VS- 1 2M 9 5 2 12 4% x 8 x 9 13 
VS-20M 16 9 4 20 5 x 9 x 10% 20 
VS-35M 25 15 7 35 5 X 11 X 11 29 
VS-50M 37 22 10 50 6 x 13% x 11 46 

Variable rack mount power supplies 
VRM-35M 25 15 7 35 5 '1 rX19X12 'h  38 

MODEL VS-35M VRM-5OM 37 22 10 50 5% X 19 X 12'!2 50 

I t C  I Built in speaker 
Canllnmans ICS' Slza (IN) 
Daly (Amps) Amps W x W x O  

Sblpplml 
Wt. [Ibs.] 

10 

'ICS--Intermitlent Communication Service (5096 Duty Cycle 5min. on 5 mln. off) 
f l  112 



The importance of a good ground system 
I can't overemphasize the importance of a good ground 

system for this or any other type of ground-mounted verti- 
cal array. Remember, the efficiency of a grounded vertical 
antenna is directly related to the quality of its ground sys- 
tem. This array will radiate with no ground system at all 
(although it will be difficult to tune) and will still provide about 
4.5 dB of gain, but that gain is referenced to a single simi- 
lar element. The efficiency of a quarter-wavelength vertical 
over poor ground may be 25 percent or less, which means 
that a poorly grounded array of th~s type would barely 
achieve the efficiency of a single horizontal dipole. 

Ground losses 
The ARRL Antenna Book lists the loss resistance for a 

quarter-wavelength vertical with only four radials as 29 ohms! 
Because loss resistance is added in series to radiation resis- 
tance, four radials on a vertical is equivalent to putting a 
30-ohm resistor in series with your feedline. Eight radials 
drops the loss resistance to 18 ohms, while 16 radials lowers 
it to only 9 ohms. While this isn't ideal, it's a figure most of 
us can live with. 

An ideal ground system would consist of 120 or more 
quarter-wavelength radials fanned out equally around the 
base of each element, but a reasonable compromise can 
be achieved using a ground rod and 16 quarter-wavelength 
radials for each element. Obviously, the more radials the 
better, with 16 per element as a minimum starting figure. 
However, if you decide to install more than 16 radials, 
remember that you'll need to double the number of radials 
per element to achieve any appreciable reduction in ground 
loss. The next step up from 16 would be 32 radials, and 
the step after that would be 64 - that's a total of 192 radials! 

The ground screen 
An alternative to installing a radial system is to use metal 

screening or hardware cloth. As long as all the joints are 
bonded together electrically, you can lay the metal mesh 
directly on the ground, secure it, and let the grass grow 
up through it. Eventually you won't even be able to tell it's 
there. Such a ground screen should cover the area immedi- 
ately under the array and extend a quarter wavelength from 
the sides and ends. Individual strips of screening material 
must be soldered or welded to adjoining strips every few 
inches. That much hardware cloth (nearly 700 square feet) 
would be pretty expensive, which is why I used radials. But 
if you happen to have enough screen on hand, give it a 
try. It will make a nearly perfect ground for your array, and 
cut ground losses to nearly zero. 

Ground rod and radial construction 
Each element in my array has its own ground rod made 

from 4-foot pieces of steel reinforcing rod (rebar), hammered 
into the ground at the base of the element until only the 
top 2 inches stick out. Perhaps copper ground rods would 
be better, but rebar is cheap, durable, and readily available 
in my area. You could also use 4-foot sections of conduit 
in place of the rebar. Longer ground rods might be better, 
but 4-foot rods are difficult enough to drive into the soil. 
Bond the ground rod to the base of the element with a short 
piece of heavy wire or braid. 

The quarter-wavelength radials are cut to the formula 

- 50-239 

4-40  SCREW. NUT 
AND LOCKWASHER- 

-CONDUIT STRAP 
FLATTENED INTO 
CONNECTOR 
SUPPORTBAR- 
NOTCH AT TOP SNUGS 
BAR AGAINST SO-239 

B E D  STRAP 9 0 -  TO FORM y i  MOUNTING PLATE FOR CONNECTOR I I 
SUPPORT BAR U 

Connector support bar is fashioned from conduit strap. 

234/FMH,, which makes them 8 feet, 2-112 inches long at 
28.5 MHz. I used inexpensive four-conductor telephone 
hookup wire because I had it on hand, cut four sections 
for each element to the proper length, separated the four 
wires in each section from their outer covering, and fastened 
them to the bottoms of the elements with ring connectors 
and sheet metal screws. Any wire of any size will do, as long 
as the radials are close to the right length. Ideally, the radials 
should be fanned out around the base of each element 
evenly; however, if you don't have the space, don't worry 
too much about it. There will be some pattern skewing in 
the direction of the greatest number of radials, but the array 
will still function just fine. Some people like to bury their 
radials; I use U-shaped pieces of stiff wire (ordinary bobby 
pins work well) to peg the radials to the ground at approxi- 
mately 1-foot intervals, so people won't trip over them. 

Phasing lines 
As shown in Figure 1, the phasing or delay lines for this 

array are brought to a common point and connected 
together by a "plumber's delight" arrangement of two coax- 
ial T fittings joined by a coaxial barrel connector. One feed- 
line of any length of 50-ohm coax goes to the station. I 
recommend Belden 9913, RG-8 Foam, RG-8, or RG-8X for 
long runs. Stay away from RG-58 unless the transmission 
line going to your shack is shorter than about 50 feet. Cut 
the remaining three feedlines to the elements so that ele- 
ment 2 is 90 degrees out of phase with element 1, and ele- 
ment 3 is 180 degrees out of phase with element 1. Cut 
the phasing lines according to the formula: 

984 x VF x n degrees 

F M H ~  X 360 
(1) 

where VF = the velocity factor of the coaxial cable used. 
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This gives you the electrical length of a piece of coaxial 
cable n degrees long. Thus, element 1 is fed with a 
90-degree (quarter wavelength) section of coaxial cable; 
element 2, if it is to be 90 degrees out of phase with ele- 
ment 1, requires a 180-degree section (half wavelength); 
and element 3, which you want to be 180 degrees out of 
phase with element 1, takes a 270-degree section (three- 
quarter wavelength). However, since there's mutual coup- 
ling among the elements in the array, the line lengths must 
be adjusted from these values somewhat to provide a 
proper feed. The line to element 1 should be 84 degrees 
long, the line to element 2 should be 161 degrees, and the 
line to element 3 shouid be 241.5 degrees long. I used 
RG-8X coaxial cable, which has a velocity factor of 0.75, 
to construct my delay lines. The feedline for element 1 is 
6 feet, for element 2 it's 11.5 feet, and for element 3 it's 
17 feet 4 inches. These lengths include the coaxial con- 
nectors at the ends of each feedline. If you use a different 
type of coaxial cable, with a different velocity factor, you'll 
have to refigure the feedline lengths. Chapter 24 of The 
ARRL Antenna Book lists the velocity factors of popular 
coaxial cables. 

Adjustment 
Before you connect the phasing lines to the elements, 

you must first tune each element to resonance. Without a 
feedline attached to either element 2 or 3, but with all three 
elements mounted in place, connect a VSWR bridge to the 
base of element 1 directly through a short piece of 50-ohm 
coax, and connect the meter to your transceiver through 
the feedline you'll use to drive the array. Adjust the position 
of the clamps on the element and gamma rod for lowest 
VSWR (making sure the transmitter is off while you work 
on the antenna, of course). 

Obtaining lowest VSWR 
First move the shorting bar up and down both the ele- 

ment and the gamma rod in small increments, until you 
reach the point of lowest VSWR. Then move the gamma 
rod only up and down in its clamp (this adjusts the variable 
capacitor) to bring the VSWR down further. By alternating 
these adjustments - first the shorting bar, and then the 
gamma capacitor, you should be able to find a point where 
the VSWR is nearly 1:1. Once you've found this point, tighten 
the clamps securely, and repeat the procedure for each 
of the other two elements. Go back and check that element 
1 is still in tune. (Remember, there's mutual coupling among 
the elements and all adjustments are somewhat interdepen- 
dent.) Repeat these adjustments until each element's VSWR 
is as close to 1 as possible. 

Now connect the three delay lines to the elements, and 
their opposite ends to the main feedline, as shown in 
Figure 1. Apply power to the array. The VSWR at the sta- 
tion should be around 1.5:1. If it isn't, and all the elements 
are close to 1:1 at their feedpoints when tuned individually, 
you can feed the array through a matching network located 
at the transmitter end of the feedline to make your transis- 
torized finals happy. Tuning will differ from one installation 
to another, depending upon ground losses, proximity to 
nearby conducting objects, and the number of radials 
attached to each element. 

That's all there is to it. The direction of maximum radia- 
tion or reception will be in line with the array from element 
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1 to element 3. To switch the direction of the array, simply 
connect the feedline of element 1 to element 3, and the 
feedline of element 3 to element 1. 

Performance 
I don't have an antenna range, but on-the-air tests com- 

paring the array with a 10-meter dipole at 35 feet indicate 
that the array beats the dipole by a minimum of 1 to 2 
S-units - and sometimes (especially if the other station is 
using vertical polarization) by as much as 4 to 5 S-units. 
The low angle of radiation presented by vertical antennas 
helps on those long DX contacts, and the vertical array 
seems less susceptible to atmospheric noise than the dipole 
- although it is more susceptible to manmade noise. Sta- 
tions off the back of the array are typically 4 to 6 S-units 
weaker than with the dipole, which helps when you're try- 
ing to pull a weak one through QRM. 

Adding more elements 
I like a three-element design for this array because of its 

broad main lobe, and because it simplifies beam pattern 
switching. I just have to swap the feedlines to elements 1 
and 3 to "turn" the beam 180 degrees. However, if you wish 
to work in one direction only, or if you don't mind changing 
several different feedlines, there's no reason why you can't 
add more elements to this array. The theoretical gain of an 
array of this type is 10 log(N), where N equals the number 
of elements. Thus, maintaining quarter-wavelength spacing 
between elements, an array with four elements would have 
a gain of 6 dB, five elements would give you 7 dB, and six 
elements would give 7.8 dB over a single similar element. 
Actual gain figures will, of course, be slightly lower, depend- 
ing upon ground losses, feedline losses, and proximity to 
nearby objects. Remember that adding elements will nar- 
row the beamwidth, which will make aiming the beam more 
critical. 

The effects of mutual impedance among the elements 
become more critical as the number of elements increases; 
so do delay line losses. You'll want to use only high quality, 
low loss coax for your delay lines, and you'll probably want 
to use the current-forcing method of feeding multi-element 
arrays described in Chapter 8 of The ARRL Antenna Book. 
However, the math and measurements involved in using the 
current-forcing method are quite cumbersome. If you're in 
the mood to experiment, you might try delay line lengths 
of 322 degrees for element 4, 402.5 degrees for element 
5, and 483 degrees for element 6. 

I'd be interested in hearing from others who build this 
array - especially from those who adapt it to other bands, 
or add additional elements. 5 

Invitation to Authors 

ham radio welcomes manuscripts 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of the ham radio Author's Guide. 
Address your request to ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciated). 



You wouldn't buy a car from a dealer who offers only 
one model. . .so why buy an amplifier that way? 
Henry Radio offers the widest choice of amplifiers In the world. We design and produce 
amplifiers to fit different needs and different budgets. We feel we offer the best equip 
ment and there are a lot of amateurs who obviously agree. That's why we've sold over 
40,000 amplifiers during the last 25 years. If you plan to buy an amplifier, do yourself a 
big favor. . .call, write, FAX, or come in. But make sure you have our new information 
packet in your hands before you make a decision. You owe it to yourself. Read it 
through, compare the specs, compare prices, compare VALUE. 
And, of course, when you buy from Henry Radio you're buying factory direct 

Our present HF amplifier line includes the following models: 
2KD STANDARD . . . . . . . . . Slngle 3-5002 Desk SSB Amp 3K CLASSIC MKII . . . . . . . . Domestlc Console 
2KD CLASSIC.. . . . . . . Desk Model Llnear Amplif~er 3K CLASSIC MKI I . .  . . . . . . Export Console 
2K CLASSIC . . . . . . . . . . . Console Ampl~f~er 3K CLASSIC RF . . . . . . . . . RF Deck only 
2K CLASSIC X . .  . . . . . . . . . Domest~c Console 5K CLASSIC. . . . . . . . . Export Console 
2K CLASSIC X . .  . . . . . . . . . . Export Console 5K CLASSIC RF . . . . . . . . . RF Deck only 
2K CLASSIC X R F . .  . . . . . . RF Deck only 3K PREMIER.. . . . . . . . . . . . Console Amp. w~ th  160 meters 
3KD CLASSIC . . . . . . . . . . . S~ngle 3CX1200A7 Desk Amp 3KD PREMIER . . . . . . . . . . . Desk Amp. w~ th  160 meters 

Henry Radio. . . 
the amplif ier specialists 

2050 S. BUNDY DR. LOS ANGELES, CA 90025 (2 1 3) 820-1 234 
Toll freeorder number: (800) 877-7979 TELEX: 87-3825(Henradlo) FAX(213) 826-7790 



AN EXCLUSIVE LOOK AT 
KENWOOD'S TS-950s 

J. Craig Clark, NXlG, Assistant Publishel; Ham 
Radio Magazine 

ne of the best parts of Amateur Radio publishing 
is getting a chance to go behlnd the scenes of new 
product development and marketing. Recently I 

was offered a good look at Kenwood's new addition to their 
HF llne - their just-announced TS-950s. Here's a preview 
of the features and preliminary specifications of this new 
transceiver. 

The basics 
The enaineers at Kenwood have reallv worked overtime 

(and thelsome) to design this new radio. The TS-950s is 
a 10 through 160-meter Amateur transceiver plus a general 
coverage receiver from 100 KHz to 30 MHz. The transmit- 
ter section is rated at 150 watts output on all Amateur bands. 
The TS-950s has dual receive capability and incorporates 
the latest digital filtering techniques in both its transmitter 
and receiver. 

Kenwood called a short time ago and gave me some 
exclusive information on the new TS-950s transceiver. You 
can imagine the excitement it created here at Ham Radio 
as we conjured up all kinds of design ideas and operational 
capabilities over a lunch of burgers and fries. 

Then Kenwood faxed us the preliminary technical specifi- 
cations, operational capabilities, and other design features. 
We pored over the "top secret" material anxiously to see 
how close we had come to predicting what the TS-950s 
could do and how it compared with other radios. We cer- 
tainly weren't disappointed. 

New features 
One of the radio's most interesting new features is Ken- 

Wood's Digital Signal Processor (DSP). The DSP is designed 
to take advantage of the latest state-of-the-art signal process- 
ing techniques. Kenwood's new DSP technology allows the 
following ratings for the TS-950s: spurious response less 
than 50 dB, unwanted sideband suppression less than60 dB, 
and carrier suppression of greater than 50 dB. These 
numbers are 10 dB better than can normally be achieved 
with analog signal processing. This should be a major 
step forward in reducing unwanted clutter and noise on the 
Amateur bands. 

The DSP also allows flat and clean transmit audio over 
four user-selectable ranges. Emphasis can be either added 
or subtracted, based on operator preferences and individual 
voice characteristics. Digital tailoring, as opposed to brute 
force analog processing, is expected to result in a much 
cleaner transmitted audio signal. This can be the margin 
of difference in intelligiblity under crowded bandsconditions. 

Code operators should find the CW waveform quite pure 
and free of any spurious signals. The waveform rise time 
is user selectable in either fast or slow modes. Finally, the 
DSP gives you a digital AF filler. The AF filter is synchronized 
with the SSB IF slope-tuning controls to improve slope- 
tuning filter response characteristics. 

Another neat TS-950s feature is its dual receive capabil- 
ity. The TS-950s lets you listen on two separate frequen- 
cies (within 500 KHz of each other) simultaneously. 

A separate IF circuit for the subreceiver minimizes pro- 
blems even under the most adverse op,erating conditions. 
Frequency selection is separate from the main receiver and 
is available in either 10 or 100-Hz steps. The subreceiver 
also has a noise blanker control that's independent of the 
main receiver settings. The audio level is cont~nuously vari- 
able and the subreceiver has a florescent tube display of 
its own. 

Kenwood has also redesigned the final amplifier circuit 
to take advantage of high output, 50-volt, low noise RF tran- 
sistors. Consequently, you should never find yourself run- 
ning short of sufficient drive for any amplifier you may have. 
The final deck is mounted on a large aluminum heat sink 
and has a thermally switched fan. 

The automatic antenna tuner is a nice little extra. It's con- 
trolled by rts own microprocessor and preprogrammed with 
band settings to reduce tunlng time. 

In addition to using digital signal processing, the receiver 
section has a redesigned front end with a cascode ampli- 
fier circuit (or source floor circuit). The signal is fed into the 
first of two double balanced mixer circuits. This technique 
is used to reduce the noise floor substantially and improve 
two-tone characteristics. The IMD is cla~med to be less than 
-37 dB with an intercept polnt of +20 dBm, a dynamic 
range of +I05 dB, and a noise floor of -140 dBm. 

The TS-950S's filtering is very similar to the earl~er Ken- 
wood HF radios with SSB IF slope tuning, CW VBT AF tune 
audio filter, and an IF notch f~lter. In CW and RTTY modes 
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TS-950s preliminary engineering specifications Receiver 

General 

...... Transmitter frequency range 160-meter band 1.8 to 2.0 MHz 
80-meter band 3.5 to 4.0 MHz 
40-meter band 7.0 to 7.3 MHz 
30-meter band 10.1 to 10.15 MHz 
17-meter band 18.068 to 18.168 MHz 
15-meter band 21.0 to 21.45 MHz 
12-meter band 24.89 to 24.99 MHz 
10-meter band 28.0 to 29.7 MHz 

Receiver frequency range ......... 100 kHz to 30 MHz 
........... Mode .................... .. J3E(SSB). AlA(CW). FlB(FSK). F3E(FM), 

A3E(AM) 
Temperature range .................... 149  to 1229 
Frequency stability .................... k0.5 x 
Frequency accuracy .................. f10 x 10-6 (at normal 

temperatures) 
Antenna ~mpedance .................. 50 ohms 
Power requirements. ................. 1201220/240 volts AC. 50160 Hz 
Power consumption .................. Maximum transmit 700 watts. Recelve(no 

slgnal) 80 watts 
Dimensions .............................. 15.83" W x 5.55" H x 15.75" D(projec- 

tions not Included) 
Weight ...................................... 40.78 pounds (approximately) 

Transmitter 

Final power output ..................... SSBICWIFSKIFM = 150 watts PEP. 10 
meters: 110 watts 

Modulation ............................... SSB = balancedmodulation, FM = reac- 
tance modulation. AM = low level modu- 
latlon 

FM maxlmum: 
Frequency deviation .............. *5 kHz 

FSK shift width ......................... 170 Hz 
Carrier suppression ................... Less than -50 dB 
Spurlous response ................... Less than -40 dB (CW) 
Unwanted sideband 

Suppress~on .......................... Better than 60 dB (modulat~on 
frequency-1.5 kHz) 

Thlrd Harmonic 
...... Intermodulation distortion Betterthan -37dB(at 14.2 MHz)(based 

on single tone output) 
Microphone impedance ............ 500 to 50 k ohms 
Frequency response (SSB) ........ 200 to 3100 Hz 

the AF VBT lets you tune the audio passband away from 
interfering signals. 

An interesting new feature gives you the ability to select 
second or third IF filter combinations independently, based 
upon conditions, and save them in memory with the oper- 
ating frequency. This conserves time when changing bands 
or modes. 

Visit to Kenwood 
Several days after receiving the preliminary specifications 

on the TS-950s from Kenwood, 1 was in Los Angeles and 
had an opportunity to sit down and spend a few hours oper- 
ating this new radio. 

The basic layout of knobs, buttons, switches, and other 
controls is very similar to earlier Kenwood models. It took 
me just a few minutes with the user's manual to learn how to 
operate the TS-950s. However, I quickly found that it would 
take a little extra time to become acquainted with some of 

Circuitry ............................ Quadruple conversion system 
Intermediate frequency ..... 1st IF-73.05 MHz 

2nd IF-8.83 MHz 
3rd IF-455 kHz 
4th IF-100 kHz (except FM) 

Sensitivity .......................... SSB.CW,FSK: Less than2.5pV(100 to 150 kHz) 
(at 10 dB SIN) 1pV (150 to 500 kHz) 

4 pV (500 kHz to 1 62 
MHz) 
0.2 pV (1.62 to 30 MHz) 

AM: Less than 25 p(100 to 150 kHz) 
(at 10 dB SIN) 10 pV (150 to 500 kHz) 

32 pV (500 kHz to 1.62 MHz) 
2 pV (1.62 to 30 MHz) 

FM: 12-dB SlNAD less than 
0.5 pV (28 to 30 MHz) 

Squelch sensltivlty ............ SSB,CW.FSK.AM. 
Less than 6.2 pV (100 to 150 kHz) 

2.5 pV (150 to 500 kHz) 
10 pV (500 kHz to 1.62 MHz) 
0.5 pV (1.62 to 30 MHz) 

FM: Less than 0.32 pV (28 to 30 MHz) 
Image raho ........................ More than 80 dB (1.8 to 30 MHz) 
IF rejectton ........................ More than 70 dB (1.8 to 30 MHz) 
Select~v~ty ........ .. ............. SSB.CW,FSK- 2.4 kHz (-6 dB) 

3.8 kHz (-60 dB) 
AM: 6 kHz (-6 dB) 

15 kHz (-60 dB) 
FM: 12 kHz (-6 dB) 

24 kHz (-60 dB) 
Var~able frequency range.. SSB slope tuning (wlth SSB filter) 

High cut = more than 1500 Hz 
Low cut = more than 700 Hz 

CW VBT (wlthout optlonal fllter) 
600 Hz to 2.4 kHz (continuous) 

RITIXIT varlable range ....... k9.99 kHz 
Notch filter attenuat~on ...... More than 45 dB 
Audio output power ........... 1.5 watt (8 ohms at 10 percent distortion) 

Specifications are subject to change on production radlos without notlce. 

the new features and ascertain the radio's true power. 
One of the first things I noticed is that Kenwood has gone 

to a bar graph readout, as opposed to the analog meter 
movement found in other radios. The indicator shows sig- 
nal strength, final current. SWR, compression, ALC level, 
and power output. 

The filter selection readouts are located next to the bar 
graph. The first IF (8.83 MHz) filter lights are on the left; the 

(continued on page 80.) 
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ARTIFICIAL 
INTELLIGENCE 

IN AMATEUR RADIO 
Make your computer 
think for you! 
By Bryan Bergeron, NUIN, 30 Gardner Road, 
Apt. lG, Brookline, Massachusetts 02146 

S ince their introduction a little over a decade ago, 
microcomputers have been applied to virtually all 
phases of Amateur Radio - from modeling the ion- 

osphere to predict HF propagation; calculating antenna 
radiation patterns; generating and interpreting CW, RTTY, 
and SSTV; to satellite tracking and circuit design. In general, 
these and other Amateur Radio applications use complete, 
step-by-step algorithms for problem solving. For example, 
when you know the DC voltage and resistance, you can 
calculate the current using Ohm's Law, I=E/R. 

However, there are problems in Amateur Radio that don't 
lend themselves to simple algorithmic solutions; they are 
non-numeric and ill defined. For instance, if your receiver 
suddenly exhibits reduced audio output, what's the most 
likely point of failure? Is it the power supplp Perhaps it's 
the RF amplifiep Suppose you have both vertical and dipole 
antennas, and you want to contact Canada. Assuming the 
same working frequency, which antenna should you use? 
What if there's snow on the ground? What if it's summer.. .or 
winter? Diagnosing transceiver and antenna failures, and 
complex propagation predictions are but a few of the prob- 
lems in Amateur Radio that defy simple numerical analy- 
sis. I'd like to tell you about expert systems - a class of 
"Artificial Intelligence" (A.I.) software tools developed 
expressly for non-numeric problems - and their Amateur 
Radio applications. 

Some expert system basics 
A.I. is a branch of computer science devoted to inves- 

tigating robotics, vision, speech recognition, and machine 
intelligence. Expert systems are one of the more commer- 
cially viable offshoots of the last decade of A.I. research. 
Current expert system research is concerned with replac- 
ing scarce, expensive human experts with readily available, 
inexpensive computer "clones," which possess the problem- 

solving abilities of the human experts. These expert systems 
are appealing because they provide instantaneous advice. 
The system asks only for the data it deems necessary to 
solve the particular problem it's presented. 

You can think of an expert system as a program com- 
posed of two major interdependent modules. First, it's an 
inference engine or rule interpreter for defining rules specific 
to the problem area. The inference engine is also respon- 
sible for informing the user of the conclusions that have 
been reached. Second, it's a knowledge base, which 
usually takes the form of rules. An example of a rule from 
a knowledge base dealing with power supply diagnosis 
might read: 

IF the output voltage is zero, AND there is a 
strong odor like burning tar, THEN the power 
transformer is suspect. 
Notice that, for the most part, this rule isn't numerical. 

Rules are typically composed of simple, English-like state- 
ments. The premise (the IF and AND parts of a rule) is 
always followed by a conclusion (the THEN part of a rule). 

The rules in a knowledge base are generally constructed 
by interviewing a human expert and determining what 
heuristics (rules of thumb) he or she uses in solving specific 
problems. Capturing the human expert's heuristics is the 
point of expert system programming. Consider, for example, 
how a novice technician might go about troubleshooting 
a particular power supply. He first checks the fuses, then 
the transformer, and so on, in some sort of systematic fash- 
ion. The expert technician, with years of experience repair- 
ing the same model power supply, checks the rectifier 
bridge immediately. Based on past experience, the expert 
knows that on power supplies of this design, the rectifier 
bridge is the most likely point of failure. Now, if the novice 
technician works long enough with the expert, he, too, will 
learn the rules of thumb for each piece of equipment. Unfor- 
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1 Manufacturers of Quality Communications Eguipment 

Hi PRO 
VHF-UHF R EPEATE 

SUPERIOR RECEIVER AND TRANSMllTER SPECIFICALLY DESIGNED FOR REPEATER SERVICE. 

ADJUSTABLE TRANSMITTER POWER, FROM 1 TO 25 WATTS MINIMUM OUTPUT WlTH EXTREMELY COOL OPERATION.- 
AUTOMATIC BATTERY BACK UP SYSTEM CAPABILITY WlTH BATTERY CHARGING AND REVERSE POLARITY PROTECTION.- 
NOW WlTH A FULL COMPLIMENT OF INDICATORS AND STATUS LIGHTS.-100oh DUTY CYCLE-ADVANCED REPEATER SQUELCH 
NO CHOPPING, POPPING, OR ANNOYING REPEATER KEY UPS DURING LIGHTNING STORMS.-DIE CAST ALUMINUM R.F. 
ENCLOSURES -SMALL SIZE 5% x 19 x 13 "-HIGH QUALITY LONG LIFE DESIGN. 

AMATEUR DISCOUNTS AVAILABLE 

'I 

Hi Pro Receivers 
SPECIFICATIONS: 
Sensltlv~ty. 

;: I 2  dB S~nad (EIA Method) 025 uv 

'E ~ ~ g h  senslltvlty .,. .- . -.-.-- 20 db quwllng melhod 030 uv I FEATURE: 

- auparlur r r l a ~ ~ r u n  
Double s1dt.d mil spec G 10 llberglass bodrds 

Selectlvtty 

Extremely slable operal~on 
EIA Iwo stgnal melhod . Excellenl adlacenl channel relecllon 
Slandard . 15 kHz 80 dB 

Squplch clrcull destgnpd for cf~llcal repealer use 
3 30 kHz 130dB 

Opllonal Narrow . I 5  kHz I W  dB 

The Hi P m  Receiver IS the hear 
spec!locally des~gned lo commer 
Repeater servlce and boasts hlgh 0 mull! luned ClrCUllS . DISC 
~n bolh Ihe r l  and oscjllalor sraqps to Insure low desense - - 
mlermod and spurlous along wtlh chotce o l  varylng de - ,.,u,,t .,,",,,.q. .,, 
nraes nt 11 selert~vttv Suoer~or souelch aclcon a necessltv . Mnxlt~nl~ V ~ I I ~ ~ C  

Cho~ce ol passbands 
3 0  kHz .I30 dB 

Wide selecllon ol lrequency ranges Spurious Response: 4 5  dB 

Separate open collector C O  R oulput Intermodulation: .70 dB 
I o l  the HI Pro Repealer Separate tone conlrol squelch Input 
c ~ a l  spec!l~cal~ons lor 

Modulation Acceptance: Slandard - 6 0  kHz 
Separate lone conlrol oulput Narrow 5 0  kHz 

:rlmlnalor meler ououl - ~ q n a l  level rnerer oulpul 
Squelch Sensitivity: 0 10 lo 0 20 uv - r r . . l + .  -h=---l rrlpab~lsty Up lo 6 channels Frequency Response: .2 lo .3 dB ol 6 dBlOclave 

3 - - - - - - . . . , - - , .. - . , _ ._ ._,J Regutallon de-emphasls lrom 300.3000 Hz 1000 Hz reference 
~ r n  Repeater servnce. extreme sensltlvlty lrequency and ' . Avallnble wtth preclslon grade h ~ g h  slablllty crystal Audio output: (10 0 ohm speaker) 2 o walls rnax 
lhermal sfablltfy Th~s  recelver not Only Can be used as . Selectable C O S  h ~ g h  or low oulput 5% d~slortion al 15 walls max 
~ntltal recewer, bul also lo replace that lroublesome I year warranty 
recetver In your presenl repealer Eas~ly adapls to any 

Rf input impedance: 50 ohms 

system The small slze, allows lor easy rnounlnng. even Frequency Range: 

where space IS al a premlum The excellent lronl end V H  F 130.150 MHz. 144.175 MHz. 220-250 MHz 

releclton wjlh wlde dyamlc range guarantees excellenl U H F 406.450 MHz. 450.490 MHz 

d~sense.  ~nlermod. and spurlous response relectton Operating Voltage: . I t  lo , 14 5 VDC 

Advanced squelch c~rcullry lo produce mln squelch . 138 VDC norntnal 

choppfng even w~th  weak s~gnals of hlgh dev~al~on, such Current: 90 rnA nomlnal squelched 
as weak rnob~le or rap~d lad~ng signals and also hlgh Size: 3 8  W x 6 ' ~  L x l  H 
elecrr~cal nolse relecllon, such as electrical storms 
~gnttton pulses, elc 

Duty Cycle: tOOOn at 60 C 
Operating Temp. Range: .30 C lo .60 C 

R4U 
ASK ABOUT OUR COMPUTER CONTROL 

Maggiorv Electronic La bmtory 
SYSTEM, AND MICROCONTROL AUTO 600 W E m N  RD., WEST CHESTER, PA 19382 
PATCH. AND REPEATER KITS. PHONE: ?l5-436-6051 TELEX: 499-0741-MELCO MX: 215464268 
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NYE Takes the fear out of full power antenna tuners, 
and the guesswork out of PEP measurement 
with these two MUST SEE PRODUCTS!! 

M B -V-A RFM-003 

Discover this durably built, feature packed ME-V-A Antenna Get correct easy to read measurements of PEP for SSB. 
tuner. You'll find operating conveniences that make antenna AM,and Pulsealong with full timecompletely automatic 
tuning a snap and value engineered to do the job over wide SWR display with this unique Power Monitor System. 
operating ranges. Compare quality, features and the NYE Two models to choose from: The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY. indication and The RFM-005 for 5KW. 

CHECK THE FEATURES: 
PI Network. Low Pass Pi Network t~rnlng 1 8-30 MHz Heavy duty silver plated 
continuously varlable lnductor w ~ t h  25 1 vernler dlal 7000 volt var~able 
capac~tor and 10 000v sw~tch selected f~xed capacitors on output s~de Tunes 
40.M00 ohms loads Good Harmon~c suppressronl 

~*,,,,ti~ SWR, ~ ~ ~ , j ~  free metering of SWR NO reset or calibration needed 
Separate power meter-300 Or 3000 ' autOmatlcally switched Easy lo 
read 2 5" recessed and back-lighted taut band meters 

Antenna SwifCh. PUSH-BUTTON antenna switching 10 (41 antennas (2 Coax. 
slngle wlre and twln leadl Coax bypassed on first coax output. We deslgned 
this swltch to lake the power Rated at 1OKV and 20 amps. 

3 KW Balun. Trtfler wound triple core torroid gives balanced output to twin 
feeder from 200 to 1OOO ohms and unbalanced output down to 20 ohms 

Maximum P w a  Tramla. Match your transmitter output impedence to almost 
any antenna system lor maxlmum power transfer Ampllf~ersonly run at thew 
designed 0 when properly matched 

M d e l  O p t l a .  ME-IV-A 1 includes all ME-V-A teatures less antenna switch and 
balun ME-IV-A2 is ident~cal to MB-IV.A1 wlth the add~t~on of a tuple core 
balun. . 

1 B MHz will not tune on some antennas 

(31 Moda - Peak Average and Peak and Hold with a uniquenon-drift Sampled 
Hold Analog memory clrcull 

121 Ranges - Automatically switched power scales to 5 KW 

Fully h ~ ~ f i c  SWR - Full time meter displays ratios directly without drift 

BulH.ln ALO - Protect your amplif~er tube investment with this fast acting 
lockout 

Coupfa  - Six feet remotes the Interchangeable calibrated couplers 

True RMS Convsrrim - H F couplers use forward b~ased full wave detection 

Ruggsd Cmrtructlon - ~ e a v y  gauge aluminum construction Top qual~ty glass 
epoxy PCB Thts meter IS bull1 to last 

Accuncy - Guaranteed to + 5"0 F S 

Wamnfy - TWO FULL YEARS 

Added Fnium - Switchable reverse power all mode metering - Full status 
LED Display - Adjustable ALO is sw~tchable SWRIREFL power - Heavv 
duty Nlcad batler~es charged by the appl~ed RF lor the held and a charger 
IS suppl~ed for fast charglng and backl~ghtlng of the taut band meters for the 
ham shack. 

OTHER NYE VIKING PRODUCTS 
Phone Patches - Electronic and Memory Keyers - Squeeze Keys - Straight Keys - Code 

Practice Sets -SWR Wattmeter for the blind - Low Pass Filters - All Band Antennas and more. . . 
ASK FOR A FREE FULL LINE CATALOG. 

m ORDER, CALL YOUR FAWRITE DEALER 
Amateur Electronic Supply C-Comm 
Ham Radio Outlet Ross Distributing 
Henry Radio Quernent Electronics 
Madison Electronics LaCue Communications 
EGE Ham Station 
R&L Electronics 
rf enterprises In Europe: Kneisner & Doering, 
Barry Electronics Braunschweig, W-Germany 

Wm. M. Nye Co. Inc. 
1614 130th Ave. N.E. 
Bellevue, WA 98005 
TEL: (206) 454-4524 
FAX: (206) 453-5704 



the value of  Uout i s  U12to13 and 
the value o f  Hum i s  No. 

An expert system shell programmed for power supply diagnosis. The "source code" for this greatly over-simpllfled expert system takes 
the form of examples in the spreadsheet-like window (background, center). The decision rules to be used by the expert system during 
a consultatlon (right, foreground) are derived automatically from programmer-suppled examples. The Question Window, the only win- 
dow normally seen-by the user, currently displays the results of a previous consultatlon (left, foreground). 

tunately, not all of us have the opportunity or time to work ally all microcomputers, at prices ranging from $49 to over 
with experts in every field. Hence the beauty of expert systems! $5000. There are at least half a dozen shells available for 

Expert system development alternatives 
How do you go about developing an expert system? You 

can start with a traditional, procedural language like BASIC 
or PASCAL, a nonprocedural "A.I. language" like LlSP (LISt 
Processing), or with an expert system shell. Although it's 
possible to create suitable inference engines with BASIC 
or PASCAL, it requires a great deal of time and experience 
with A.I. techniques like recursion (when a routine repeat- 
edly calls itself). Handling lists of text and implementing 
recursion are almost trivial in LISP, but you must learn to 
program in LlSP or some other A.I. language. Unless your 
goal is to learn A.I. techniques, an expert system shell is 
the way to go. 

Shells provide the quickest and easiest means of creat- 
ing an expert system. These shells are available for virtu- 

the Commodore-64, Apple II, IBM PC, and Macintosh com- 
puters for less than $200. My favorite shell for the IBM PC 
is VP-ExpertTM from PaperBack Software, at less than $100. 
For the Macintosh, I use SuperExpertTM from Softsync, at 
about $150. 

Expert system shells provide a programming environment 
that includes everything you need to create an expert sys- 
tem, with the exception of a knowledge base. Shells typi- 
cally provide not only the inference engine, but also an edi- 
tor for entering rules, some sort of end-user interface, and 
software tools for maintaining the knowledge base. If you 
can write simple IFITHEN rules, like the ones in my exam- 
ple, you can program an expert system shell. It's that simple! 

If you have trouble writing simple rules, or the rules aren't 
readily apparent, or there are simply too many rules to keep 
track of, there's still hope. So called "case-based" expert 
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from over 25years 
in ATV ... WGORG 

With our all in one box TC70-1, 70cm ATV Trans- 
ceiver, you can easily 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 70cm antenna, 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 
c i  426.25 MHz & properly matcnes Mlrage D15, D24, 
Dl  00 amps for 15,50, or 70 watts. Hot GaAsfet downcon- 
verter varicap tunes whole 420-450 MHz band to your TV 
ch3. Shielded cabinet 7~7~2.5". 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 An/  catalog 
including downconverters, transmitters, linear amps, 
and antennas for the 70,33, & 23cm bands. 

UNADILLA ANTENNA 
&MANUFACTURING CO. 

W Box 421 5 BV-Andover-MA-01810 
(508) 4757031 BamSpm EST.(Y)B) 474-EM9 2UIR FAX 

(1 :l b 4:l) 

B l G@SIGNAL 
(HFbVHF) 

Amateur Antenna Baluns 
For over 20 years, preferred by Amateur. MllItary and 
Commercial Operators. Assembled with dl stalnless 
steel hardwan: and a built-in lightning arrester 
mlnimlzes your WI, maximizes your power. 

1.8-30 MHz 

r T- 
Call or write direct for our informational 

brochure on our other fine products 
T n p h n m  Klt..Filka.Cll lk Irrulmtors.ENDmulmtoraN-ComalmI Wy. 

All poducta corm with a 30 Day Wmmnly 

-NOTICE- 
We are the manufacturers of the original 

JAMES MILLENW Products 
(508) 475-7831 9am-5pm EST 
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shells are available (see Figure 1). These shells take files 
of expert decisions and derrve executable rules from these 
examples through a process called inducti0n.l Expert sys- 
tem shells that make use of case-based programming 
(sometimes called "programming by examples") have the 
potential to make an important contribution to Amateur 
Rad~o. Expert systems developed using this programming 
approach are already bang used in law, medicine, and mill- 
tary science. 

Some expert system applications 
Expert systems have been developed by the military to 

help d~agnose problems in electronic circuitry,* by NASA 
to help shuttle pilots land,3 and by physicians to help d~ag- 
nose patients4 What can you, as an Amateur Radio oper- 
ator, do with expert system technology? As an explorer of 
this exciting, new frontier, you are limited mainly by your 
imag~nation. Here are two systems that I've developed out 
of necessity and curiosity. Each system took me less than 
a day to create with the aid of a shell. You'll no doubt see 
ways to improve upon these systems, or devise even more 
sophisticated ones to surt your own needs. 

Transceiver diagnosis 
My wife, KAISSL, doesn't have my background in elec- 

tronics or 20 years experience in Amateur Radio. However, 
she's very active and is learning all aspects of the hobby 
- rnclud~ng equipment repair. To grve her a hand while I'm 
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away on busmess trips, I created an expert system (using 
the programming by examples shell SuperExpert on the 
Macintosh) to aid In diagnosrng our SWAN-500 transce~ver. 
Us~ng the case-based approach. I created a knowledge 
base that included the most likely points of failure (antenna 
down, bad coax, blown finals, faulty power supply, keyer 
defective) and methods of remedy~ng them. My wife thinks 
the system is great! You might consider a similar project 
if your husband, wife, or children are new to Amateur Radio 
equipment diagnosis. 

Antenna selection 
Like a number of Amateurs, I'm not fortunate enough to 

have the real estate required to erect a seven-element Yagi. 
Instead, I make do with a multiband vertical and a dual 
band dipole. I've come to realize that the performance of 
each antenna varies considerably, depending on the sea- 
son, weather, and locat~on of the received station. The 
dipole. for example, performs poorly In the rain (not sur- 
pr~sing in retrospect, since it IS run between closely grouped 
trees), whereas the vertical performs superbly (perhaps 
because of the increased efficiency of the ground system). 
Again, using a case-based expert system shell. I managed 
in just a few hours to create a useful expert system to aid 
in antenna select~on. For the most part, I took the cases 
1 used to program the shell directly from my logbook, where 
1 record the t~me, frequency, weather conditions, QTH, srg- 
nal strength, and antenna used for each contact. Patterns 
that may not be obvious from casual observation of log- 
book data (e.g., when there's snow on the ground, and my 
objective is to work Europe, the dipole is the better choice), 
may be revealed by a case-based expert system. Your log- 
book IS likely harboring simrlar surprises! 
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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 a 145.9 ANTENNA 
Of course, your best choice is the complete system, matched and 
balanced for superior performance. 

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

High efficiency '7" matched driven element. 

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

Mather-protected, encapsulated feed points for long life. The 
2 meter antenna has a SO-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 interrtction problems 
so common with metal booms. 

MIL-spec coax balun with Teflon dielectric and outer covering. 
A silver plated braid shiekl 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 amilable at your amateur 
radio dealer or write Amateur Radio Department, TelexlHy-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. -1 
TELEX COMMUNICATIONS. INC. 
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PACKET 
f P G 3 2 m  / "WC-320 CONTROLLERS rM* e "- Announcing the next gen- 1 r '. eration of packet controllers 

for the serious operator! 
The new ~nboard PC-320 
(shown). 1s des~gned to work 
w ~ t h  all PC/XT. PC/AT, and 
Tandy 1000 serles compu- 
ters. The TNC-320 outboard 
controller offers many of the 
same h ~ g h  quality features1 

PC-320 features . . . 
Dual m o d e m s  f o r  optlmal V H F  and H F  operatlon 
Appears as r e g u l a r  PC ser~al port ( C O M  1-4) - operates wlth 
any t e r m ~ n a l  program lust l ~ k e  an e x t e r n a l  TNC 
Dual Powered - operates f r o m  PC or e x t e r n a l  p o w e r  Contln- 
u e s  c o m p l e t e  operatlon e v e n  when the PC 1s t u r n e d  o f f 1  

Personal Message System- the most advanced personal mall- 
b o x  a v a ~ l a b l e  r n c l u d e d  a t  no e x t r a  charge 
D~splays on-screen HF tunlng ~nd~catorand s~mulated 'LEDs 

TNC-320 ... $1 94.95 ! 
(Wlred & Tpsted 1 1 Y r a r  Warranlvl I 

For complefe  rnlo 8 SpeCIIICallons 1 
Cal l  18131 R74.2980 To Order Call  

Toll F~H: 1-800-223-351 1 1 
Malor C r ~ d r l  Cdrds Acrep led '  

---------------------.---------------. 
PacComm 3652 West Cypress Street Tampa. Florida 33607 1 . 

I Please send PC-320 TNC-320 More Information FREE Catalog I ' 
1 
I Name Call ~. 

I 
I 

! A d d r e s s  I 
I 
I S t a t e  - ZIP C a r d #  E x p  Date 

I 
I 

I MONEY BACK GUARANTEE! A d d 5 4  00 sh rpp rng  hand l rng  per o r d e r  FL res fdents  add 6 4  sales fax i 
I MA,O~ C r e d ~ l  Card g rve  n u m b e r  e x p r r a l r o n  and s t g n a t o r e  FAX 813-872-8696 ( 
I,,,,,,-------------------.-----.-----. 
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Bring things down for 
safety and convenience. 

Never cltmb agaln wllh lhls tower and elevator syslem 
MARTIN TOWERS are made of aluminum and speclllcally 
englnwmd lor use with Ihe HAZER Two slzes 01 lower M-13 
(t3~wlde)andM-18(t8'ulde)Allbolledconslrucllon,nowelds 
Easy to Install hlnpe base, walk up erection, nerl plumb wllh 
levellnp balls In base Mount antennas and rotor on HAZER In 
venlcal uprtghl pmslllon, lhen wlnch to topol tower lor normal 
operattnp pmslllon Guy wlresIastenlo HAZERoraboveHAZER 
at top of lower Salety loch system operates while ralstng or 
lowennp Never can la11 Photo above shows HAZER mldway on 1 
Complele lower UPSor molor Imlghl shlppabla Pm-assembled 
of k11 form 
Send lor lrse delalls 01 HAZER kits for Rohn 20.25G. 45.55 and 
other towers 
Specral lower prlce 50' M.13. hinged bue .  concrete lw l l ng  
secllon. HAZER kit = 1126900 Includes all hardware. wmnch. 
cable etc FOB Boonvllle. MO 
Masla. rolors, l h ~ s l  bearings. guy wire. Iurnbuckles a lw  
available 

Salls1.cIlon ounmnlnd. Call lod.r*nd chaw lo Vlu. 

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 (3177 thru 12180) free. 

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

Annual updates will be offered for $10. 

Send $185 payment (visalmc 
accepted) to: 

BUCKMASTER PUBLISHING 
Route 3. Box 56 

Mlneral. Virginla 23117 
7031894-5777 vlaalmc 8001282-5628 

antennexo 
"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 - mtenneX0 
12 MONTHLY ISSUES is only $15.97 for 
USA and possessions. $19.97 foreign. 

antennexo 
PO. Box 8995 Dept. 19 

Corpus Christi, TX 78412 

I Alpha - Arneritron - AMP - Henry 
Dentron - Heathkit - TenTcc - Etc. I 

A L 35 Years Experience as the - 
I I__ Service Manager with a - 

I rnaior manufacturer I 
Authorized 

Dealer 

j l d )  1 OMEGA Visa & Ma%tcr Card 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 

b v e  home wnhoul one, because 

SAY 
I 

I ham radio! I 



The future 
What does the future hold for expert system technology 

and Amateur Radio? I'd like to see expert systems available 
- either as shareware or at a nominal fee - to aid in the 
construction, diagnosis, and use of all Amateur equipment. 
Diagnosis of antenna failures and problems with power sup- 
plies, today's ultra-complex transceivers, and keyers could 
all be much less time consuming if expert systems were 
readily available. How about a system to select toroids for 
your next project? And wouldn't it be great to have a system 
that, if given the desired noise characteristics and frequency 
range of a preamplifier, could tell you which field effect tran- 
sistors you should use? Imagine the impact on Amateur 
Radio if, in each Amateur Radio club, the gurus got together 
and created expert systems for the other members. It's up 
to you. Amateur Radio is about communications and shar- 
ing. Expert systems seem to be a natural extension of our 
desire to explore and communicate. 

REFERENCES 
1. 0 Thompson and W Thompson. "Flndlng Rules In Data:' Byte. 1986. pages 149-158 
2. R Davs and DG Bobrcm. Edttcfs. "D~agnoste Reasoning Based on Structure and BehavoOr.' 
Ouabtabve Reasonfng About Physfcal Systems, Carnbr~dge MI? Press. 1985. pages 347-410 
3 The Autoland Expert System. GHG Corporal~on of Texas 
4 R M~ller FE. Masars, and J D Meyers. "OUIC~ Medlcal Reference (OMR) for D~agnosl~c 
Ass~slance:' MD CompuBnQ. 1986. 3 34-48 
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Model  AC 1.8-30 

s\nmMox21.1 4 1 o v e m ~ e h o m l  8to30MHz 
Can  be lnstolled in opcfoxirnatetv80 ft. spoce 
Ideal for comrnercKll sewices for multi fie 
quency opetation wlthout the need for 
ontenno tuners or odditioool ontennos 
Handles I KW. 2 KW PEP CAS 
Higher w v e f  mcdels avo lbb le  on 
specla1 or*. Contact y o u r  

1.8 to 30 MHz 

'1 73iMG 
5aiwPM; & 

ADC, SAD0 1 
I 

Model AC 3.5-30 3.5 to 30 MHZ 
SvVR lea than 2 1 from 3.5 to  30 MHz 
Complete assembled. Balun termlnoted with 
standard So239 connector '1 8v 

C m b i l i t V  1 KW - 2 K W E P  IU\S. HlQhef SIPPING R HA DL% 
power model is ovo ibb le  on special order ADD 54 00 

Designed for 50 ohm feedline 
W e a t h e  proof balun a n d  bolonclng network 

3lW Canmuncotian Roducls Slnce 1932 
w DlMbutocs M e  u Call 
:anal Stmet Bllstol PA 19(107 

Can we solve your 
crystal problem? 

For over 37 years. ICM has For spec~al pcrrpose 
manufactured the finest in - crystals, spec~al holders. 
quartz crystals for every spec~al slzes, call our crystal 

conceivable purpose. sales department. We will 
be pleased to prov~de 
recommended data. 

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

International Crystal 
Need crystals for Manufacturing Co., I ~ c .  
communications, telemetry. 
industrial, or scientific PO BOX 26330 701 w Sher~dan.  

applications? Let ICM's Oklahoma city OK 73 126-0330 

sales department asslst you Phone I4051 236-074 1 

to determine which type of  
Telex 747-147 
Facs1m11e (4051 235-1904 

crystal is best for you. 
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Bill Or( WGSAI 

INTERESTING 
ANTENNA FEED 
SYSTEMS 
In my August column, I discussed the 
gamma match - a convenient and 
easily adjustable device for matching 
a coax line to the driven element of a 
Yagi beam. Many commercial beams 
use this system. 

Other interesting but less well-known 
matching systems exist; I'II cover a few 
that the homebrewer can use. Some of 
the matches will function with a multi- 
band antenna, while others are single 
band devices. All of them deserve con- 
sideration for your next antenna project. 

The WGGKM 
matching system 

Back in 1950 Dale Frink, WGGKM, 
devised a match for his 10-meter 
beam.1 The arrangement is shown in 
Figure 1. The driven element is split 
with a 2-inch gap at the center, and 
excited by a length of 50-ohm coax. 
The inner and outer conductors are 
shorted together at each end of the 
coax, and the shield braid is broken 
and fed with the transmission line at 
the center. The "matching coax" IS 

about one-quarter wavelength long. 
Dale taped the matching coax to the 

driven element, taking care that the 
ends of the coax didn't short to the 
driven element. He found the SWR 

The Mosley "Classic" 
match system 

The Mosley "Classic" series of 
antennas use a similar matching 
scherne.2 This device is shown in Fig- 
ure 2. The Mosley advertisement calls 
it a "balanced capacitive match." The 
Classic match resembles the system 
used in W6GKM1s design. Even 
though Dale uses coax in his match, 
the only meaningful part of the match 
is the outer shield of the coax - the 
inner conductor contributes nothing. 

By substituting a single insulated wire 
for the coax, you have the Classic sys- 
tem instead of the WGGKM match. 

With the Classic-33 tribander, the 
match conductor is about a quarter 
wave long on 20 meters. It's placed 
Inside the split driven element. I'II 
accept that; but how does the match 
function on the 15 and 10-meter 
bands, where the match wire is longer 
than a quarter wavelength? Is the 
length of the match wire unimportant, 
or does it bear a specific relationship 
to the operating frequencp I know the 
match works because I have a Classic- 
33 beam. It has a good front-to-back 
ratio, a good operating bandwidth, 
and exhibits a low SWR value at reso- 
nance on each of the three HF bands 
(10, 15, and 20 meters). Those are the 
principal attributes of a good match- 

- -  - --  - ----- - - -  - - - - -  - -  - - - - - - - - - - - - - - - - - - - - - - - -  

\ I N N E R  CoNoucToR F F  
SHORTED TO BRA10 CONNECT 

AT ENDS TO BRAID 

W6GKM feed system. Matching coax is taped to element. Feedline is connected to braid 
at F-F. 

was low over the ent~re 10-meter band. 
Dale told me that he'd also placed the 
matchlng coax lnslde the drlven ele- , I 

ment, instead of taping it to the outside. 
It seemed to work equally well either 
way. 

How does this device function? The 
driven element is split and there are no 
electrical connections to either half. 
The simplest explanation is that the 
capacitance between the matching 
coax and the dipole halves does the 
job. 

- TRAPPED DRIVEN EL EMEN T 
10 METER TRAP 10 METER TRAP 

I 

"Classic" feed system consists of coaxial wire placed in each half of trapped driven element. 
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DRIVEN ELEMENT 
194" LONG x 1 " DIA 

- - - - - - - - - - -  - - - - - - - - - - - ,\, /f 
I I 
I I 

ATTACH SHIELD TO 
1 I 
I I INNER CONDUCTOR 

DRIVEN E L E M E N T  I I 
I I 
I I 

7 2 - l N c H + 1  I 
SHORTED S T U B  I 

( 1 7 7  PFJ I - 5 0 8  COAX 

L 1 

"Clemens match" for 29 MHz. Two gamma matches back-to-back? 

E 
I 7 MATCHING TUBE 

6" CENTER TO CENTER 

17' 10"  FOR 2 4 . 9 5  M H z  

4 ' 2 '  

6" CENTER TO CENTER 

I Y I L17 '10m FOR 2 4 9 5  M H z  

ZLZANT version of Clemens match. Coax IS taped to driven element. Shield is attached 
to driven element at A and center conductor is attached to matching tube. Tony says sys- 
tem works best when both tubes are the same diameter. 

ing system. Is it purely a capacitive of a section of coax I~ne. The tap points 
match, or do the match wire and the and capacrtance value are varied until 
split element form some kind of a coax- unity SWR is obtained at the design 
ial matching transformer? frequency. 

The Clemens match 
In 1951 John Clemens, WSERN, 

published a novel match system he 
had adapted from a television antenna 
matching scheme.3~4 He applied the 
match to a three-element 10-meter 
beam (Figure 3). This wild-looking 
device taps the outer conductor of the 
coax feedline on the driven element at 
a point that provides a good match to 
the line. The inner conductor is brought 
back along the driven element to an 
equivalent point on the opposite side 
of the element. It's connected to the 
element at this point through a series 
capacitor. The capacitance is made up 

If you use your imagination, you can 
think of this device as two back-to-back 
gamma matches. The gamma capaci- 
tor is moved from the base of one 
gamma to the antenna end of the 
gamma conductor. The gamma "rod" 
is the 40-inch length of coax conduc- 
tor running from one tap point to the 
other. What an ~nteresting idea! 

The Clemens match sank into obliv- 
ion for decades. I forgot about it com- 
pletely until I worked Tony, ZL2AN7; a 
few days ago. He had taken the 1951 
design and modernized it (Figure 4). 
Tony jettisoned the coax and sub- 
stituted an aluminum tube. He fed the 
tube and one side of the driven ele- 

ment with the coax feedline taped 
along the driven element. With the 
dimensions shown, hisseries capacitor 
was 15 pF, as opposed to the 177 pF 
of the W9ERN design. He feels the 
6-lnch separation between the match- 
ing tube and the driven element 
accounts for this difference. Tony says 
the match is very broad and he can 
work the dipole on both the 10 and 
12-meter bands, with low SWR on 
each band. 

All of these designs show the promise 
of multiband operation. In fact, multi- 
band operation is proven with the Mos- 
ley Classic match. Perhaps one of 
these ideas is the one for you! 

The Weinschel 
matching system 

In 1972 QST published a triband 
beam that uses a trapped 20115 meter 
driven element connected in parallel 
with a 10-meter element placed about 
18 inches away (Figure 5).5 The ele- 
ments are connected by double wires, 
and the combination is fed at the cen- 
ter of the 10-meter element. The prod- 
uct rev~ew reported very low SWR on 
all bands, and the antenna exh~bited 
good front-to-back ratio. I don't know 
of anyone who has tried this multiband 
matching system. I'm eagerly awaiting 
a missive that will inform me of the 
actual operating results achieved with 
this simple design. 

The open sleeve 
dipole system 

An unusual dual frequency antenna 
was developed at Stanford Research 
Institute in 1950. Its operation was 
described in a paper by H. B. Bark- 
ley.6.' Roger Cox. WBBGDF, gives a 
good decription of the device in Ama- 
teur terms in CQ magazine.8 

The device is called an "open sleeve 
dipole." It consists of a conventional 
center-fed dipole with two parasitic ele- 
ments spaced close together on each 
side. The parasitics are cut to a half- 
wavelength at some higher frequency 
(Figure 6). The ratio of high to low fre- 
quency can't exceed 2:1. 

You can make a practical open 
sleeve dipole for 20117, 20115, 15112, 
20110 meters, or other combinations of 
frequenc~es between 14 and 29.7 MHz. 
The drawing gives dimensions for a 
20110 dipole. 

This scheme looks like a quick and 
painless way to add second band 
capability to an existing beam. In addi- 
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Every month Monitoring Times brings 
everything you need to make the most 
of your general coverage transceiver: 
the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, 
propagation charts, and tips on how to 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor- 
ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP- 
I O N  TODAY before another Issue 
goes by. In the U.S., 1 year, $18; 
foreign and Canada, 1 year, $26. For 
a sample issue, send$2 (foreign, send 
5 IRCs). For MCNISA orders ($15 
minimum), call 1-704-837-9200. 

MONITORING TIMES 
~ ; , l l J ~ f l ! l / l l f l l 7 / i l / l 7 ~ t ~  ~ f J t l l ~ C ,  

I l l l ~ r y  111011111. 

P.O. Box 98 A 
Brasstown, N.C. 28902 
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tion to the "sleeves," you can interlace 
the parasitic elements for the higher 
band between the existing elements. 
It's worth a try! 

The TelexJHy-gain para- 
sleeve matching system 

Here's a triband antenna which uses 
the open sleeve dipole concept. A 
product review9 says the driven ele- 
ment of the "Explorer 1 4  beam con- 
sists of three elements insulated from 
the boom. The longer element is 
trapped for 20 and 15-meter operation. 
The two short sections spaced close 
to the driven element act as an open 
sleeve dipole for 10 meters. The short 
elements are optimized to provide the 
best SWR across the 10-meter band. 
The 15/20 meter element is fed with a 
"hairpin match," balun, and 50-ohm 
line. According to the product review, 
the SWR is quite low at design reso- 
nance and the front-to-back ratio is 
good on each band. 

The TelexJHy-gain TH7DX 
drive system 

This top-of-the-line triband beam has 
two trapped, driven elements for 20, 
15, and 10 meters. Figure 7 shows the 
feed arrangement. The elements are 
cross connected at the centers and the 
rear element is fed with a hairpin 
match, balun, and 50-ohm line. The 
TH7DX drive system also has very low 
SWR and good front-to-back ratio at 
design resonance on each band. 

This matching idea resembles the 
Weinschel system, but uses a cross- 
over connection instead of a parallel 
connection between the elements. I 
wonder about the significance of this 
difference in connections. The cross- 
over scheme reminds me of the feed 
system used on a log-periodic array. 
Hopefully, someone will come up with 
a computer program that analyzes 
these interesting matching systems. 

The Log-Yagi design 
The matching systems I've dis- 

cussed work on one or more Amateur 
bands, but it doesn't look as if any of 
them will cover the five bands between 
14 and 29.7 MHz. The log-per~odic 
antenna is the only devlce that will do 
thls in an acceptable manner. This 
design trades power gain for band- 
width, and you must put a lot of log- 
periodic aluminum up in the air to pro- 
vide equivalent Yagi performance over 
a wide bandwidth. 

I r DRIVEN ELEMENT I 2 0 / 1 5  TRAPPED 

DUAL CONNECTING WIRES 

10 METER ELEMENT 

The Weinschel match. Coax balun is used at F-F. Later model beam used "hairpin" match 
at feedpolnt in addition to balun. 

, 1-DIPOLE CUT T o  f I 1 

6" 
1 

HAIRPIN MATCH 

0 
b j 
6" F F  

0 
I 

1 
I 

"Open-sleeve" two-frequency dipole. Spacing between driven element and parasitic ele- 
ment Is about six inches. 

n- HAIRPIN 

2 0  M 1 5 M  1 5 M  2 0 M  

I 
ABOUT 2 '  

I 

TelexlHy-gain triband match system using two trapped elements. 

There's an Interesting derivation of Next month (if I don't forget), I'll 
the log-periodic antenna that provides review the hairpin (inductance) match- 
good gain over a single Amateur band ing technique. It's another way of 
when used in combination with Yagl- matching the coax line to the dr~ven 
type parasitic elements. This idea uses element of an array. 
a slngle band log-per~odlc "cell" of 
three or four elements, wlth extra para- The Dead Band Quiz 
slt~c elements The technique has been I thought I had you confounded wlth 
used wlth slngle channel TV antennas the Aprll QUIZ about the coax llne sec- 
and IS now galnlng popularity In Ama- t~ons, but a lot of you reall~ed the 
teur Radlo's HF and VHF clrcles. I dls- answer was "zero ohms " 
cussed thls ~nterestlng antenna con- NIEVN, ABlK, KIREC, WAZDWV, 
cept ~n last month's column KC2KB, WB2KHE, W2LYH, WB2NTQ, 
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simulta 

histic: 
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scroll, re 

Call 
fn. ...a 

Produ 

WHAT'S THE BIGGEST 
ISSUE IN HAM TV TODAY? 

THE NEXT ISSUE OF 
AMATEUR TELEVISION 

QUARTERLY 

ACCURATE reporting 
TECHNICAL information 
VALUABLE content 
QUALITY production 

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

1545 Lee Street, Suite 73 
Des Plaines, Illinois 60018 

(312) 298-2269 

b 

PLUG INTO PACKET! 
Simple ar SY* Soi ! Included. 
Here's the easiest packet radio yet, Unlike others, DRSI includes all 
you don't even have to buy a TNC the software you need. The THS 
to join the digital revolution. Just terminal package has split screen, 
let your PC do the work. Plug a file savelsend, binary file transfer, , 
PC Packet Adapter into any ex- print, view and more. 
pansion slot and get on the air in 
minutes, just like an expert. And 
you'll still be able to use the PC for 

2400 -1 
other work! The complete VHF re upgrading their 
system is only s139.95! 

, L rlrrs LU this higher speed. 
DRSI's M-24 modem for 2400 

Sop1 baud connects simply with no 
ated9 modifications to your rig and lets 

rou've mastered the basics. You operate both 1200 and 2400 
PC*Packet Adapter for ~ i ~ ~ l t a n e ~ ~ ~ l y  with your present - 

lneous dual-band HF/  radio. Step U p  to this new speed 
VHF. multiconnect, BBS. TCP/ for Just $79.95. today! 
IP, DXer's Packetcluster, 2400 

-- T rv=  
baud (and higher). Even use the or Write 2065 
Developer's Package to write your complete Clearwa~r;~, I L J-WLJ 

own packet application. t a ORDERS: 1-800-999-0204 

Range R 
.,.&,... El 

4 

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 - 

CushcraftISignals 
48 Perimeter Road 

Manchester, NH 03103 
603-627-7877 - 



You've bought >placement batteries bef 
IJOW YOU CAN BUY DIRECT FROM US, THE MANUFACTURER! - - - 

- - 

CM2, P82 72v @ 500MAH 
CM5. PB5 108v 5OOMAH 
SUPER 
7S 13 2v @ 1200 MAH $63 95 
8 s  96V @ 1200 MAH $5995 

(base charge only-1" longer) 
lCOM CHARCfRS AVAILABLE SOON 

SOURCE FOR ALL YOUR COMMUNICATION 
Mastercard and V~sa BATTERY REPLACEMENT NEEDS. 
cards accepted NYS 
res~dents add 81/4O/o DO( sales tax Add $3 50 
for postage and 
handllng 

vard, Flu 

v nunLu w ~ u t  U I ~  I MIUU I unaHIPS A V A l ~ r r u ~ c .  r L c n s c  Iruuulnt. 

'ee (800) 221-0732 Telex: 51060 16795 6 FAX: 1-1978 
d' 

I 
\ 

:all Toll FI 

MODEL 
SG-100F 

MADE IN $429.95 
USA delivered 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
Accuracy +/- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @I t/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARD LABS 
196-23 Jamaica Ave., Hollis, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 

IN&\ 
1 Parsor ...- -am-#.  

shing, N 
a a,.. - -, 

IN NYS 

5-1000 MHz PREAMPLIFIERS 
NF G P(1dB) $ 

WIAPOM* 2dB lSdB OdBm 73 
W l A 2 l M  3 13 8 57 
WlA22M 4 11 12 61 
WlA23M 4 22 12 87 
WLA24M 3 23 18 109 
WLA25M 5 11 20 82 
WLA26M 6 21 24 199 

AddWluSIW; %W 1 - 3 M M M  

WllAM TECHNOLOGY, Div. of 

Wl-COMM ELECTRONICS INC. 
P O  Box 5174. MASSENA. N Y. 13662 

(315) 769-8334 

- 

ore. .. 

WRITTEN TEST STUDY GUIDES 
All wurd-lur-word qu~st~uris. ~nti l t~ple cholces. . . 
answers. Choose Nov~ce, Techn~c~an. General. 
Advanced or Extra Class Answer explanations 
supplied! 
54.95 Each verslon + $1.50 shlpplng. 
All five manuals: 522.95 postpald. 

HAM RADIO Q & A  MANUAL 
All 1.932 questions. mult~ple cho~ces and answers 
found in every ham license exam. Nwice through 
Extra Class. 
59.95 Shlpped postpald. 

MORSE CODE TEST PREPARATION 
Set conralns two 2-hr. cassette tapes 
Code Teacher, 0-5 WPM 59.95 
General Code. 3-15 WPM 59.95 
Extra Code. 12-21 WPM 59.95 
Plus 51.50 shlpplng per set. 

All ManualslCode Tapes: 549.95 
New §Part 97 Ham Rules: S 2.95 

Order shipped same day receivedl 
Cred~t card phone orders: 10 a.m. - 2 p.m. 

W5YI MARKETING 
P.O. Box #565101 - Dallas, TX 75356 

Tel: (817) 461-6443 - 24 hours 
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I THE MULTIPLE RECEIVER SOLUTION I 

W2RJW, N3GDE, NK3Z, WX4D, N4DX, 
W4EIN, WB4HXF. W5DS, KSESV, 
KSGV, KASMXX. WSPEK, KSRA. 
WBGAWM17. WGBDN, WBGBYU. 
WDGDUD, KJGGR, WGHDO, WGKEZ, 
NDGM, WGNTX, WAGZOU, K7FC, 
W7FSP. WD8KBW, WA8KNE, W8YFB, 
WSBTI, NSHWC, KSSJIB, WSNGP, 
AABB, KBLSJ, GBFAH, G4TDJ. VE4KZ. 

Congratulations to all! 

A thought about the "no- 
code" license 

The May 1989 issue of The Old 
Timer's Bulletin (a publication of the 
Antique Wireless Association, Inc.) had 
an interesting comment on the no- 
code licensing proposal. Bruce Kelley, 
W21CE, quotes a reader's suggestion. 
He makes the argument that the FCC 
and the ARRL are going about the 
lrcense enhancement In the wrong way 
- the code requirement should be 
retained but the theory should be elimi- 
nated! The great majority of hams use 

LOW BAND OX-ING 
COMPUTER PROGRAMS 
by John Devoldere,  ON4UN, f o r  
App le  I le lc ,  MS-DOS. C o m m o d o r e  
C-128 A p p l e  Mac in tosh  a n d  K a y p r o  
C P M  C o m p u t e r s  
Here s a collect~on of 30 super programs 
wr~nen by ON4UN Just about every lnterest 
or need IS covered-from antenna des~gn 
and opt~mlzatlon to general operatlng pro- 
grams Antenna programs Include shunt 
and serles Input L network des~gn, feedl~ne 
transformer. shunt network des~gn. SWR 
calculat~on, plus 11 morel General Ham pro- 
grams Include sunr~selsunset, great clrcle 
distances, grayllne, vertical antenna des~gn 
program, sunrlse calendar plus 9 morel 
Phew When you s ~ t  down to use these pro- 
grams you'll be amazed at what you have 
The best value In computer software avail- 
able today 1986 

UN-Apple llelllc 539.95 en. 
LI UN-MS (MS-DOS) $39.95 en. 
1JUN-CPMIKaypro 539.95 ea. 
3UN-C-128 (COMMODORE) 539.95 ea. 
I 1UN-MAC (MACINTOSH) 549.95 

factory-made equipment and wouldn't 
dare touch it if something was wrong 
for fear of voiding the warranty! They 
send it back to the maintenance ten- 
ter, and let factory-trained technicians 
repalr it. So why is there a need for 
technical know-hod Take a look at the 
February 1988 Ham Radio cover, and 
you'll know what Bruce is talkrng 
about! 
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1 Dale Funk Sorneln~ng New In Malchtnq Dev~ces OST Aprd 
1950 page 64 
2 Mosley Electronss Inc adverl~semenl OST Auqusl 1969 
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LOW BAND DX'ING 
by John Devoldere ON4UN 
Now Avallablel The new. 2nd ed~ t~on  of the 
defln~llve book on Low Band DX'lng Based 
upon years of practical on-the-alr 
experience, learn the secrets of how 
ON4UN has been so successful on the low 
bands Extensive coverage IS glven to trans- 
mlt and recelve antennas w~th  clear conclse 
explanations and plenty of ~llustratlons- 
d~poles. Inverted V's, slopers, phased arrays 
and Beverages-they're all In thls book 
Also covered propagallon, transmltters. 
recetvers, operatlng, sohware and an exten- 
slve Low Band b~bllography Golng to be a 
best seller1 Get yours today 1987 2nd 
Ed~t~on  200 pages 
1 AR-UN Softbound 59.95 

BW'EM BOTH 
SPECIAL OFFER 

Book 8 S o f t w a r e  Reg. $49.90 
($59.90 f o r  Mac) 

Just $44.90 ($54.90 for Mac) 
P U N - S O  (specify computer) $44.90 
OUN-MSO Mac ln tosh  Specia l  $54.90 

SAVE $5 
Please enclose $3 75 shipp~ng 8 handling 

BOOKSTORE 
RADIO 
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DOUG HALL ELECTRONICS 
Voter Department 
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1614) 261-8871 

A complete slow scan television statlon for your 
IBM PC or compatible. Send and recetve images 
In up to 10 shades of gay depending upon your 
graphics card and printer. 

Demodulator Moduletor 75PegeMmud 
Software Tutorial Cassette 

Ham PC wttb 640K P i y W  Port 
Graphics Card Tape Recorder Serial 

Sbr-F-atS: 8,12,17.23,34,36,48,~sec 

hTW I 
The classic "Antenna Blble" 

now In a thnrouphly-rrvlscd, much-tnlrrgcd 
rdltlon 

ANTENNAS 
2 n d  ed i t i on  

by John Kraus ,  W8JK 
Ohlo Slrt t  Unlvcrslty 

Coven both theory and 16 appl~cations to practical 
systems. Wtth design formulas, tables and refer. 
ences. Over 1000 ~llustrahons. 
'Modern, complete, a classic', M k m m  Journal. 

91 7 pages. hardcover. 551.95 
Add $2.50 per book for shipping and handling U.S., 
55.00 elsewhere. 

CYGSUS-QUASAR BOOKS 
P.O. nox 81, Povdl, ohlo 4306s 

Tel. 614-.WR-7895 



160-METER PREAMP 
Tuned input and 
output offer 
increased performance 
By Gary R. Nichols, KD9SVj 4100 Fahlsing Road, 
Woodburn, Indiana 46797 

A fter buying a new rig and getting on 160 meters 
with a shunt-fed tower for my antenna, I soon found 
myself in the position of most newcomers to top 

band; I was definitely an "alligator," all mouth and no ears. 
The shunt-fed tower is great for transmitting, but leaves a 
lot to be desired for receiving. Quiet is not one of the 
benefits of a vertical. 

Beverage antennas were pretty much out of the ques- 
t~on because I live on a fairly small lot (100' x 3007, so 
I tried the next best th~ngs - small shielded loops, snakes, 
and short low wires. I had quite a bit of success with the 
6' shielded loop made of 112" hardline and a less than 
desirable preamp, still managing to work 75 DX countries 
my first season on the band. 

As I looked over the problems I had with a lack of s~gnal 
when using the loops and intermod on the other antennas, 
it seemed I needed a good bandpass filter with gain - in 
other words, a preamp with tuned input and output. After 
I tried four or five different preamp designs and found them 
to be lacking either in gain or selectivity, I decided to cre- 
ate my own. 

I started with two hiah Q tuned circuits, matched them 

strong signals present (like during a contest) and you don't 
want any preamplification. Placing the amp in the circuit 
at low or minimum gain adds two high Q tuned circuits, 
which help selectivity and reduce or eliminate any Intermod 
from broadcast stations or nearby hams. 

The amplifier has back-to-back diodes to protect the input 
during transmit. My own transmit signal hasn't caused me 
any trouble with receiving antennas as close as 75 feet from 
my vertical. Tune the trimmers for "your" portion of the band; 
the bandwidth won't cover the full 200 kHz without swamp- 
ing the tuned circuits at the expense of gain and selectivity. 
I tune mine for maximum at 1850 and can use it anywhere 
in the band with somewhat reduced gain at the high end, 
where I seldom operate. 

This year I have five 800' Beverages, thanks to a friendly 
farmer and a 1-112" plastic pipe I had put under the road 
to gain access to 40 acres east of my QTH. I don't normally 
need the preamp with these antennas - except when sig- 
nals are very weak. But there are times when the band is 
noisy, and the shielded loop and preamp "hears" better 
than the Beverages. 

Construction 
I built the preamp in a homebrew chassis 4 x 5 x 1-112 

inches and painted it to match my Ten-Tec Corsair II trans- 
ceiver. See Figures 2 and 3 for foil pattern and component 
placement guide.* I used miniature coax on the bypass 

for 50 ohms, and then looked for an FET to supply the 
needed galn. Chuck, N8BYI, had some 3SK88 devlces and . , - 
suaaested I trv one of them. Thls dev~ce worked very well, , I 

producing high gain and a good noise figure. 

Circuit description 
The circuit (see Figure 1) is very basic, except for its 

unusual bias arrangement. This amplifier's gain is 27 dB 
typical, and the gain control covers the full range (or more) 
because of the bias. The 750-k resistor from gate 1 to gate 
2 helps to increase the maximum gain. The resistor from 
gate 1 to the junction of the gain control pot and the 10-k 
resistor pull gate 1 up above the source slightly at minimum 
gain setting; this allows the minimum gain setting to be unity 
(gain of zero) or below, depend~ng on the value of this resis- 
tor. Typical values are from 1 to 3 megs. 

This arrangement is most beneficial when there are many 

C1,C2 Arco 429 compression trimmer 
CRI,CR2 Sillcon slgnal dlodes or hot carrier for lnput protec- 

tlon (The 3SK88 already has built In protection, but 
thls provides added safety.) 

L1,L2 FTSO-61 torold core (Amldon, Mlcro-metals) 
L1, 22 turns tap st 11, 2 
L2, 22 turns tap at 11 
L3, 2 turns over L2 

Q1 Nec 3SK88 or equivalent (ECG455) 
R1 10-k poi with swlich, Radlo Shack 271-215A. All other 

resistors, 1/4-watt carbon composltlon; capacitors 
are 0.1-rF ceramic disc. 

S2 D P M  miniature toggle swltch for bypass (switch 
around) 

DS1 LED to indicate power on RCA phono jack tor 
power In 

Misc Tko connectors (your choice) for lnput and output 
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ANTENNA 

S 2  BYPASS SWITCH 
-7 

d RECEIVER 

I 

PART OF 
*SELECT TO SET MINIMUM GAIN CONTROL 

GAlN POINT 

Schematic of the 160-meter pre-amp. 

PC board foil pattern. 
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Component placement gulde. 

switch. Although the bypass isn't necessary, it's a feature E(j~lor.s Note Those who want an 80 meler pre-ampl~l~er should substttule etther an FT50-63. 
or T50 3 core Use the same number of w~nd~ngs as lor the 160.meter pre-amp 

I wouldn't leave Out. The circuit board IS mounted On two ' A I I ~ o ~ ~ ~ ~  75.k resrstor ~sshown across the ~nput tank clrcutl. not 0" the pc board artwork 

small threaded standoffs, Stick-on rubber feet and rub-on Thtsres~s~or was added do Ihe c~rcu~l lo broaden the bandwtdth and prov~de a more conslant 
50 ohm malch al the ~npul The ctrcull wnll work wlthout the 75 k restslor wtth only sl~ghtly reduced 

transfer decals give the project a "professional" appearance. bandwtdlh ~d 

The LED indicating power on isalso nice, but not necessary. 
Chuck Lewis, N8BYI, has kits available for $29.95 plus 

$2 shipping and handling. For more information, contact 
N8BYI at 4925 Vermont Lane, Fort Wayne, Indiana 46815; 
phone (219)749-2324. a 

iV Prez 
's Note 
~ther it's a bigger transmitting antenna, full 
ower, or a way to improve my Beverage array, 
lays looking for an edge over my competl- 
I 160 meters. Late last fall. KD9SV sent us a 
Ipe 160-meter pre 
npleted this articlt 
e are several important paramerers rnar neea 

ro De examined when evaluating a prear 
prone to self-oscillation, can it handle bott 
out-of-band strong signals, and does it indl 
..--A+ nmount of noise to the receiver' 

of the toughest tests you can give ar 
ipment is to use it during a major [ 
3ut KD9SV's preamp on line just berore rne 
J?CW, and ARRL 160-meter contests and it 
ned without fault. The circuit is well designed 
n't prone to self-oscillation. It never "folded 

ULJ II I the Dresence of strona adiacent in-band SIQ- 

lvlerrl W I L ~  I UUL-01-U~I IU S L ~ U V I  IS. (nD9SV lives 
se to several AM I 
s without problerr 
7 casual operatior 

,,, nparisons with my otner preamp to evaluate pt 
formance from a "known" standard. This desi( 
induces little additional noise in the circuit. The va 
able gain control is also a nice addition that lets yc 

ximize g: 
receiver. 

'he acid t 
s preamp pertormea extremely well In all case 
tions that were barely audible on the vertical 
implified Beverages were perfectly (2-5 wher 
led on the preamp. The only gripe I have abo 

is that it's a single band unit. how eve^, 
nprovement in operation is worth the 
venience. I suspect I'll build another 

,,damp tor 80 meters sometime this summer. 
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Choice Selection. 
Now you can have it all! 7ake all the qualities you've come to depend on in T S - 3 2 ~  C T ~  ENCODER-DECODER Ba.d on the time pmwn 
our p r n m a b l g  CTCSS tone equipment: Astonishing Accuracy Instant TS32, the industry standard for awr a decade. The TS32P giwsyou 
hgmmming. Unequaled Reliability; and add full specbum tone versatilib the added versatility of a custom, changeable memory bas.  A low price 
multi-tone capahidit?, without diodes. a repmgmmmable memory.. . It3 our new of 557.95 makes it an even . w t e r  deal. 
harvest of CK%i tone equipment SS-32P ENC0I)ER Based on the equallv pnpular 

The choice is yours! If standard CTCSS EIA tones do not SS-32 encoder. Available for CTCSS, or audible burst 

suit your taste. select any 32 tones of your liking from 15.OHz to tones up to ti!!W.OHz. Price is $28.95. 

255.0Hz. And if you change your mind no problem; the rnem SS-32SMP SI'R-VINI;\TI.RE ENCODER Our 
ory can be changed in your shop with our HHP-I pmgmmma smallest encoder for handheld applications. Now you 
or at our factory for free Your working tone is accessed by a can sak6 that customer that n t d s  to accers multi- 

simple I)P .switch, so th&s no fussing with counters or other pie mpeater sites with a radio that has precious little 
space inside. At 527.95, the price is small too. 

test equipment HIIP-I 1IANI)WELD I'ROC;RAM?lER For 
Call today tollfrae and find out more about this fresh new flexi- pmgrarnmingthe 32 memory locations in any of 

bility in tone signalling, and don't forget to ask about multCtone our new pmgtammahle products. including our 
.switching without cumbersome diode networks or binary .switches SDI(KW) k % n e  Sequential deccxler. Thc 

It3 all brought to market by the people who introduce the fresh- HHPl k battery opented for field use. and 
est ideas in tone signalling, and of course our customary same day will program ANY 32 tones from 15.0 to 

shipping and one year wananty apply 6550.OHz in .lHz. increments. Price is 
$199.95. 'W - 

coMMUNlCATlONS SPECIALISTS, INC. 
426 West 'Mt Avenue Orange, CA 92665-4296 

Local (n4)  WtL3021 FAX (n4)  974-3420 Entire U.S.A. 1-800-854-0547 



Data Controller *SALE! $629 
change as you watch 

Mounts easlly on a wall Size' 34'h"xZZ'h". 

- w w S A  r_ rc! $999 
Handles 10 sq 11 at 50 rnph 

Pleases neighbors wllh 
tubular streaml~ned look 

Handles 18 sq. 11 at 50 mph 
No gtlylng requ~red 
Exlra-strength Construction cw/R?TY/AsCII/ 
Can add ralslng and motor AMTOR/Packet/FAX 
dr~ve accessories 

IBM and Commodore rag chew~ng or hunting 

In Stock for Quick Delivery 
''ree Sh E .;nnenQ 

399.00 Boom Length 14 11.. 

Yantaonics/KAM 

True dual port - 
simultaneous HFIVHF 
packet operation 

Personal Bullet~n Board 
R~YIASCIIIAMTORICWIWeather Fax 
Programmable MARK and SPACE tones 
Terminal programs for PC compatibles 
and Commodore 
WEFAX programs for PC. Commodore. 
and Mac~ntosh 

on parts and labor. 
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YOU CAN OPERAT 
WITH ONE CO 

2 MTR 25145W. 440 M 

(C 0 ~ v "  IC-228AlH 
2 METER MOHILES 

VHFlUHF DUAL BAND GREAT PRICE 

Reader Service CHECK-OFF Page 98 
/ 141 Ham Radio/October 1989 51 



SSTV and FAX Svstem for 
Easy-To-Use MFJ-486 
Grandmaster Memory Keyer 

The MFJ-486 Grandmaster Memory KeyerrM 
glves you the power and versat~l~ty of a 
microprocessor memory keyer w~th knobs and 
buttons Instead of a keypad It comes w~th the 
new MFJ CW Word ProcessorrM that lets you 
change a message w~thout havlng to rekey 11 
CW Word Processor Function keys let you move 
around w ~ t h ~ n  any message. Insert, delete, and 
change your message You also get the MFJ 
Custom-SpeedrM control and a three-step bullt- 
In CW Course 

Other features Include 8000 characters of 
soft-part~t~oned memory in 10 memory banks. 
l~th~um battery backup, automatfc lncrementlng 
ser~al numbering, message repeat and beacon- 
Ing delay (1 second to 3 m~nutes), instant start 
from memory, manual or automat~cworkspac~ng. 
speaker, earphonelspeaker jack, easy-to-use 
front panel controls for speed, weight, volume, 
tone and delay. There's also tune-up. A or B type 
iambic keying. 2-60 microprocessor. and more. 
Use 12 to 15 volts DC or 110 volts AC with 
MFJ-1312. 12 95. 

A wlred remo!e control. MFJ-77 for $19.95. lets 
you control memorles and CW Word Processor 
function keys at your paddle. 

It comes with MFJ's new One Full Year No 
Matter WhatrM Guarantee. 

For more Information contact any MFJ dealer 
or MFJ Enterprises, Inc., PO. Box 494. Miss~s- 
s ~ p p ~  State, M~ss~ss~ppi 39762, or call (601)323- 
5869, FAX, (601)323-6551, or order toll free at 
800-647-1800. 

Circle 1303 on Reader Service Card. 

New TM-231A Series 
VHF Transceivers 

The new Kenwood TM-231A 2-meter FM 
transce~ver has 20 memory channels, a DTMF 
m~crophone with control funct~ons, a remote con- 
trol head accessory, and a bright amber LCD 
dlsplay. It includes extended 2-meter frequency 
coverage (136 to 174 MHz recelve) for MARS 
and CAP, and modifiable transmit range (per- 
mits required for modification informat~on). 

Commodore ~ m i g a  
Advanced Electronic Appl~cal~ons. In agree- 

ment w~th Black Belt Systems, now offers the 
Commodore Am~ga V~deo Terminal (AVT) "Mas- 
ter" system 

Developed by Ben Bl~sh. N4EJI, and Dr Anne 
W~ll~ams, N7LWZ, the AVT Master uses Am~ga's - 
araDhics caoabllities to transm~t and recelve high - 
resolut~on fasc~mlle and slow-scan telev~slon 

Models available for other bands Include Images Recelved lmages can be pr~nted on any 
TM-431A for 450 MHz. TM-531A for 1200 MHz, Amiga pr~nter or saved on a dlsk f~le The AVT 
and comlng soon the TM-331A for 220 MHz Master can manage your logbook, slow scan TV 

See your author~zed Kenwood Amateur Rad~o (SSTV) system packet bullet~n board and more 
dealer for more deta~ls or wr~te Kenwood USA The AVT mode features 400 Hz bandw~dth 
Corporatlon, PO 22745. 2201 E Domlnguez All v~deo ~nformat~on 1s crystal-locked at both the 
Street, Long Beach, Cal~forn~a. 90801-5745 transmlttlng and recelvlng stat~ons at the start 
Suggested retall prlces TM-231A $45995, of each frame The AVT Master can send h~gh  
TM-431A $46995. TM-531A $56995 speed color Images over the telphone l~nes to 

Circle MOO on Reader Service Card. s~m~larly equ~pped AVT Master stat~ons It also 
has telephone rlng detect and auto answer 

The ATV Master system's suggested retall 
prtce IS $29995 For more detalls contact AEA, 
PO Box C-2160 Lynnwood Washington 98036 
Telephone (206)775 7373 

SG-9500 Signal Circle U305 on Reader Service Card. 

GeneratorICounter 
The Elenco SG 9500 s~gnal generator~counter SCR7000X VHFIUHF 

comb~nes a generator able to generate RF fre- Repeater 
quenc~es from 100 kHz to 150 MHz and a bullt- Spectrum Communlcallons Gorp has 
In frequency swltchable measure released 11s new SCR7000X VHFIUHF repeater 
external frequencies 150 MHz In One w~th a bu~lt-~n m~croprocedsor controller All func- 

The SG-9500A features ~nclude t~ons can be controlled remotely through e~ther 
Accuracy *count +1 d~grt touch.tone or computer commands Advanced 
RF out!Jut loo mV RMS (up to 35 MHz) panel controls Include d~g~tal meterlng and a full 
Output O dB switch with fine compliment of system status LEDs Also avall 
adjustment control able are a number of state-of-the-art opt~ons to 
1-kHz ~nternal modulat~on tallor the SCR7000X to your spec~f~c operat~ng 
Crystal osc~llator HC-61V holder requirements For more lnformat~on contact 
Input voltage less than 50 mV Spectrum Communtcat~ons. 1055 Germantown 
Gate 'Imes selector O 1  and Pike Norrlstown, Pennsylvania 19403 
Input Impedance HF VHF 50 Ohms Circle #308 on Reader Service Card. 

OR-2300 Antenna Rotator 
The new Or~on OR-2300 antenna rotator uses 

... - .- s a worm gear drlve method and 1s rated at 35 
-. square feet The spec~al compact des~gn allows 

mount~ng In most popular crank-up and stacked 
towers. The control box has a large, easy-to-read 

The prlce IS $34995 For more ~nformation 
dlrect~on lndlcator w~th var~able speed 

contact Elenco Electron~cs . 150 W Carpenter Rugged mast clamps a self- 
center~ng gu~de accept mast diameters from 

Avenue Wheeling, lll~nols 60090 1-314 to 3-118" A flex mount clarnp~ng method 
Clrcle U304 on Reader Servlce Card. self-corrects for m~sal~gned masts and absorbs 

wlndload Bu~lt-~n thrust and double bronze bear- 

(cont~nued on page 84.) 



THE BATTLE OF 
THE BEAMS 
PART 3 

Ever since 1939, Dc Plendl of the German Aeronautical 
Research Establishment entertained doubts about the effec- 
tiveness of X-Gerat in the face of strong jamming; accord- 
ingly, schemes for a new system were put in hand at that 
time. D. V. Pritchard Dip Ed, G4GV0, concludes this most 
interesting story 

By 0.. VI Pritchard, G4GV0, 55 Walker DL, Leigh 
on Sea, Essex SS9 3QT; England 

I deally, such a system would have only one director 
beam for the guidance of the bomber, and another for 
a range measurement system which would enable 

ground control to drop the bombs accurately. Clearly 
improved accuracy would be needed, and it was possible 
that owing to the nature of the system the number of air- 
craft on the beam at any one time would be necessarily low. 

Early experiments 
Since the only aircraft receiver available was the FuG 17 

(42 to 48 MHz), a multibeam beacon was designed for it 
by a Dr. Herzog of the Gotz Company and given the code 
name Wotan 2. A system similar to X-Gerdt was also built 
which used the Bertha I/-2 television transmitter, with simi- 
lar pulsing and modulation having a doUdash ratio of 1:7 
modulated at 2000 Hz. Plendl's analyzer was also 
employed; this system was envisaged as the director beam 
for the aircraft's flight path. 

For range measurement, another special "dash system" 
was developed at Rechlin. A transmitter tunable between 
42 and 48 MHz was modulated for 10 seconds at 300 Hz; 
its signal was received in the aircraft on a later mark 
of Herzog's receiver - now the FuG 17 E and on the 
German production line. Its output was fed through a tone 
filter and the resulting note modulated an airborne trans- 
mitter, which returned the signal to the ground on another 
frequency in the 42 to 48-MHz range. There the returned 
modulation note was compared with the original one sent 
from the ground and the phase difference, after deduction 
of the time lag in the aircraft's equipment, gave a direct 
measure of the range between the ground transmitter and 
the aircraft. 

Different ideas 
In fact several systems were tried for the early Y-System, 

but the one chiefly employed was the "Y-Range Measuring 
System Mechanical" developed by Dr. H. J. Schmidtmann 
at Rechlin and Dr. Jenns of Siemens (see Figure 1). Two 
tone frequencies of 300 Hz (corresponding to 500 km, the 
"coarse measuring range") and 3000 Hz (equaling 50 km, 
the "fine tuning range") were transmitted. Rectifiers loosely 
coupled to the transmitting antennas fed both frequencies 
via separate filters and phase converters to two small c.r.t.s, 
which were also fed the filtered frequencies from the 
receiver tuned to the aircraft's return signal. Tuning the 
phase converter resulted in diagonal strokes appearing on 
the screens which served as null-point indicators; range was 
read from a scale marked in kilometers. 

Siemens also produced a range measurement known as 
the Electrical Notebook, which recorded the ultimate range 
of five simultaneously measured aircraft. This incorporated 
a fine-measuring system devised by a Dr. Bekker that used 
a larger c.r.t. with a circular range scale showing a range 
from 0 to 20 km. A transmitted tone of 7500 Hz generated 
a "dark pulse" circular time zone calibrated against a fur- 
ther circular "bright zone." The phase-converted voltage 
from the receiver was then transformed into a pulse which 
the electron beam converted into light points, so that a 
change in range could be observed directly. This system 
was somewhat unreliable in that a 5-km variation in range 
was sometimes observed, but nevertheless it was of some 
help when enemy jamming was strong. 

Later; Dr. Bekker introduced another device known as the 
"Y-System Measuring Electrical" which was produced by 
the Graetz Company. A modulation note of 300 Hz corres- 
ponded to 50 km, but it could also be used for an indica- 
tion at, say, 20 km. Switching to a frequency 10 percent 
higher extended the range to 32 km, and so on. Little more, 
unfortunately, is known about this method. 

First trials 
These systems were, however, only useful for random 

location at first. Only an all-round representation of an air- 
craft was given. For example, the aircraft flew to a given 
point by standard navigational methods and its range was 
then measured by these various electronic systems. Its 
approach to the point was ascertained by coupling the sys- 
tem to an ultra-shortwave Adcock direction finder, code 
named Heinrich. Variants of the earlier X-Gef%t system were 
often incorporated wherein a director beam was used. But 
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SCHMI TT TRIGGER 
ARRANGEMENT 

TRANSMITTER 

LIGHT 

TIMER 
PUL SER 

lCLOSED EVERY 2 0  SECONDS , 
FOR 5 SECONDS1 

1 
d l  

I I SCREEN WITH 
CIRCULAR 
SCALE 

RALIGE-SCALE 

SSkm 
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TONE - GENERA TOR 

Y-SYSTEM RANGE -MEASUREMENT "ELECTRICAL" 

AMPLIFIER 

fl f 2 

KEYlffi 
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d 1 v 
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COARSE 

RECN VER 
o 5Okm FINE 

PHASE-CONVERTER FILTERS 

RECN VER 

DIRECTION 
Y-SYSTEM RANGE - MEASUREMENT "MECHANICAL" METER L I R ~  

Block dlagram of the Y-system range-measurement systems, electrical and mechanical. 

the place where the old cross beams would have been 
employed, instead of the X-Uhr combined clocklcalculator, 
would indicate the precise timing according to range meas- 
urement from the ground. On approaching the bomb 
release point the X-Uhr received a 9-second Morse signal. 
The bombs were released on the last dot. 

Final form 
In 1940, under the direction of Dr. Plendl, a development 

was devised from this method by Dr. Herzog. This new sys- 
tem retained the code name Wotan 2. Its full title was the 
"Y-Double-Beam Beacon System" and it included parts of 
the multibeam system already described (see Figures 2 
and 3). 

Although the same rotating installation with transmitter 
and operating cabin was used, new antennas were 
introduced with seven parallel dipoles and reflectors, which 
generated a long club-shaped lobe with smaller side lobes. 
At a half wavelength in front of these were two further dipoles 
spaced at a wavelength apart wh~ch, on an opposlte phase, 
produced a "washed out" cardloid pattern. Thus two sets 
of beams were sent out - one for the flight path to the 
target, and the other for the aircraft's return. (Refer to Fig- 
ure 4.) 

Keying the system was originally effected by mercury 
switches or vacuum relays, but as they gave rise to key 
clicks, they were replaced by the so-called "capacitive mill" 
designed by a Dr. Escherish. This was a motor-driven 
differential capacitor which used a light bulb to take the 
transmitter load between the pauses in transmission. The 
long lobed direc:tional antennas were keyed at 176 pulses 
per minute followed by the cardioid-shaped dipoles. This 
resulted in a slovvrer dotldash pulse with much shorter gaps 
at a ratio of 8.83, and was acoustically more acceptable. 

In addition, a new receiver based upon Herzog's FuG 
17 E was developed by Dr. H. Donn and Dr. W. Hepper; 
it was designated the FuG 28a and manufactured by the 
Heliowatt Company. This was combined into one unit with 
Plendl's improved AW 28 analyzer. The latter contained a 
motor driving a c:am making 180 contacts per minute, which 
conducted the receiver output to two series-connected 
capacitors. Their differential voltages then biased the grids 
of two valves so that one was bridge switched. A balance 
existed if the field strength of the two pulses from either 
transmitter was the same; that is, if the aircraft was found 
on one of the two beams. Variation to left or right gave 
opposing bridge currents, with corresponding responses 
on the indicating meters. 
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seemed to involve a d~rector beam plus a means for rang- 
ing. Jones's suspicions were aroused when on October 6 
an Enigma transmission to what appeared to be a station 
called "Wotan 2" northwest of Cherbourg read, Target no. 
1 for "Y" coordinates 50°41'49.2" north, 2°14'21.2ff west. 

Study of a map revealed these to be the coordinates of 
an army depot at Bovington in Dorset. They showed a great 
difference from the X-Geriit system in which a number of 
beam directions were always sent out, each station havlng 
to set its beam in the required direction. With this new 
method, however, the position of the target was given to 
a single station, which suggested that the station had the 
entire means of directing the bomber to its target. This 
seemed to be confirmed when Bovington was attacked a 
few days later by two aircraft with results which, though 
somewhat inaccurate in direction, were good as regards 
the range. 

Frequencies and cyphers 

Signals Intelligence and our monitoring services soon 
began to report the existence of beams on frequencies 
between 40 and 50 MHz which had very different charac- 
teristics from Knickebein and X-Geriit. Instead of the left and 
right transmissions being modulated with dots and dashes, 
the emissions were of equal duration - except for a short 
pause in transmission when one signal, for example the left, 
came directly after the pause and the other signal followed 
in a sequence thus: pause - left, right, pause - left, and 
SO on. 

Dr. Robert Cockburn and his assistants at the Telecom- 
munications Research Establishment put the signal on an 
oscilloscope, and immediately observed its principle. The 
beam emitted three directional transmissions per second 
and seemed to have been designed to operate a beam fly- 
ing indicator in the aircraft. As things turned out, more sur- 
prising developments were to be revealed. 

Jones discovered that the aircraft using the new system 
were not from K.Gr.lOO but from the Third Group of KG 26. 
He also learned that the scientist who had developed the 
system was none other than Dr. Plendl who had devised 
X-Gerat. Plendl was the German equivalent of T. L. Eckers- 
ley, our leading radio propagation expert. When Jones 
asked Eckersley what he thought of Plendl he replied, "He's 
not much good, he bases his theory on experiment!" 
(Amateurs please note!) 

On January 19, 1941, an aircraft of KG 26 was shot down 
and, though it was badly damaged, it could be seen that 
it carried equipment similar, though not identical, to X-Gerat. 
But of greater significance was the radio operator's charred 
notebook: 

Loge 244 142 10 
Schmalstigel 454 149 11 
Bruder 372 120 11 
Suden 272 117 11 
Bild 4 05 137 11 

Knowing that KG 26's base was at Poix, southwest of 
Amiens, and that "Loge" was the German code name for 

London, Jones a17d Charles Frank were able to make the 
following interpretation: 
Objective Distance Rhumb Magnetic 

to Poix bearing variation 
to Poix 

London 244 km 142' 10° 
Sheffield 454 km 149' 11' 
Bristol 372 km 120' 11' 
Southampton 272 km 117' 11° 
Birmingham 405 km 137' 11' 

Homeward flight 
The second table in the notebook gave: 

Hinflug 
294 10 
318 11 
283 I1 
274 11 
302 11 
By assuming that these entries referred to the same 

cities as those in the first table, and that they were bear- 
ings, the intersectton point appeared to be at Cassel in north 
France, which gave them: 

Outward flight 
Objective Approach bearing Magnet~c 

from Cassel variation 
London 294' 10' 
Sheffield 318' 11' 
Bristol 283' 11' 
Southampton 274' 11° 
Birmingham 302' 11' 

Jones could therefore deduce that: 
(a) the aircraft approached its target from the direction of 
Cassel; (b) the pilot was not concerned with distance cal- 
culations, which would be consistent with the distance 
being determined by a distant ground station; and (c) after 
the plane had reached its target, the pilot intended to return 
directly to an airfield near Poix. And since he was navigat- 
ing on his own, he needed to know the distance from the 
target back to Poix - as well as the direction. 

A third table in the notebook contained the frequencies 
for both the bearn itself and the ranging system. Typically, 
the station radiated a sinusoidally modulated signal to the 
aircraft on 42.5 MHz and its modulated note was then 
detected, amplified, and used to modulate a transmitter in 
the aircraft, which sent a signal on 46.9 MHz back to the 
ground station. The distance of the aircraft was determined 
by the delay in the return signal. As we know, an analyzer 
was used. 

The delicious leg pull! 
From a securilty viewpoint it is remarkable that the Ger- 

mans failed to ensure that notebooks and tables giving 
important inforrriation were not taken aboard aircraft. It 
would have been a simple matter to memorize these things 
for a single operation. On the other hand, it could be said 
that the Germarls were completely unaware that we had 
broken their Enigma signal system, which gave away so 
much more vita information. At all events, these matters 
added up to British intelligence being able to glean much 
information which the enemy confidently believed to be 
secure. 

Dr. Jones immediately spotted a "delicious" method of 
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upsetting the Y-System, as shown in Figure 5. (Doubtless 
his prowess in practical joking came to his assistance here. 
After all, if disguised as a telephone engineer he had been 
able to persuade an Oxford physicist to plunge a telephone 
into a bucket of water, finding a way to bamboozle the 
enemy was likely to come quite readily to mind.) We in 
England could receive the 46.9-MHz signal from enemy air- 
craft even better than their ground station could, and so 
we could re-radiate the already re-radiated signal back to 
the aircraft on 42.5 MHz, the frequency used by the ground 
stat~on. As Dr. Jones pointed out, "This would therefore be 
fed into the aircraft receiver, along with the signal coming 
in from the ground station, and in turn be fed back to the 
ground station again. The effect would be rather like that 
which occurs in public address systems where the noise 
from the loudspeakers impinges on the original micro- 
phone, and is therefore p~cked up and relayed back to the 
speakers again. It would appear to the ground station that 
the aircraft was at a false distance, because the returning 
waves would have traveled round an extra loop between 
the aircraft and our own station before getting back to their 
original base; and if we used a powerful transmitter our- 
selves, the whole system would ring just as a public address 
system squeals if the gain of the amplifier is made too high." 

The BBC television transmitter at Alexandra Palace was 
just right for the task because it operated in the right fre- 
quency band. Dr. Cockburn immediately requisitioned it for 
the purpose and it transpired that this countermeasure, 
code named Domino, was first put to use the very n~ght 
that KG 26 took over from K.Gr.100 - because we had now 
successfully jammed X-Gerat. 

Jones advised that for the first few nights only a minimum 
of power should be used, just enough to inject a small 
signal into the Y-System to give the Germans a false range 
without arousing their suspicions (a process of "acclimati- 
zation" by slow change). The first results were not only suc- 
cessful, but afforded a source of innocent merriment. One 
aircraft became ir~volved in an acrimonious exchange with 
the ground station, who suggested he must have a loose 
wire in his receiver and that he should abandon the attack 

Officlai German diagrams of antenna patterns for (left) return path 
and (right) directional pulsed beam. 
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The method of interfering with the Y-beam system and the ranging principle of the Y-system. 
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for that night. Over the following nights Alexandra Palace 
gradually increased its power and the Germans woke up 
to the fact that we were now successfully jamming the sys- 
tem, whereupon they abandoned it. 

Dr. Jones's original aims were that, since he was not 
entirely sure for how long the Germans had successfully 
used the system, he should break their confidence by mak- 
ing them think that we had been interfering with it in a way 
that had remained undetected for considerable time. This 
policy reaped further (and at times hilarious) bonuses 
because once the Germans suspected we were interfer- 
ing with the system other alarms entered their heads. 'Since 
the aircraft had to be instructed by the ground station when 
to release its bombs, it had to be monitored all the time 
during its bombing run, and the ground station could han- 
dle only one aircraft at a time. The aircraft would therefore 
fly to a convenient area from which it could be ordered onto 
the beam by the ground station, and so commence its 
bomb~ng run. In principle, all we needed to do was trans- 
mit false orders to the aircraft. In fact we did not do this, 
but it seemed such an easy countermeasure that the Ger- 
man crews thought we might, and they therefore began to 
be suspicious about the instructions they received." 

Substance was added to this later when an aircraft was 
ordered by the ground station to steer due west (possibly 
because it was east of the beam) to bring it onto the start 
of its bombing run. Failing to hear further ground station 
orders, the aircraft flew a considerable distance west, then 
returned to base to complain that the British had given false 
orders. On other occasions, when the power of Alexandra 
Palace had been increased, aircraft became confused and 
were ordered back to their bases after being told, again, 
that a wire was probably loose somewhere in the equip- 
ment. 'What with our real countermeasures and those 
imagined by air crews, Yoperations became a fiasco 
and the system was withdrawn; we had restored our moral 
ascendency for the rest of the wintes" 

Only later did Dr. Jones learn that the Y-System was really 
Wotan 2, and X-Gerat was Wotan 1. 'And so, while Wotan 
may have had one eye for 'Y,' he could not have crossed 
eyes for XI.." In fact the Y-System was nicknamed "Benito" 
because Mussolini was considered to be the one-eyed end 
of the Axis! 

So ends the battle of the beams. I hope that some interest 
may have been aroused in you to study this aspect of scien- 
tific warfare further, and to live again those momentous days 
of the 1940s in the company of such distinguished (if then 
secret) servants who unraveled the enemy beam systems. 

But to one man, above all, must go the highest recogni- 
tion: R. V. Jones, the young scientist who defied the experts, 
confounded officialdom, and quietly saved the country from 
a terrible disaster - yet inexplicably, is still denied the 
knighthood he so richly deserves. The man who, to repeat 
Churchill's words, 'broke the bloody beams." 
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A Remote Control 
Switching System 
Because I had up to four HF antennas 
in use, I decided to control each 
antenna remotely by feeding them to 
a relay box, using a single coaxial line 
to the operating posit~on. 

The relay box contains two DPDT 
relays and five SO239 sockets. At the 
operating position there's a box with a 
three-pole four-position wafer switch 
and four LEDs to indicate the antenna 
in use. A two-conductor cable, in con- 
junction with the shielded outer braid 
of the main coax, feeds 13.8 volts, 
taken from the transceiver power sup- 
ply to the relays. The details are shown 
in Figure 1, the circuit diagram. 

Operation details 
Switch position 1 - both relays are 

passive connecting antenna A. 
Switch position 2 - relay no. 1 ener- 

gized connecting antenna B. 
Switch position 3 - relay no. 2 ener- 

gized connecting antenna C. 

Switch position 4 - both relays 
energized connecting antenna D. 

The relays are Archer catalog no. 
275-2188. The system has been in use 
for over 12 months on frequencies 
from 28 to 3.7 MHz with entirely satis- 
factory results. 

Bill Duke, VK2WD 
*Reprinted with permission from 

Amateur Radio, Wireless Institute of 
Australia, September 1988, page 26. 

Transistor Lead Identifi- 
cation with a DVM 
You don't always have a drawing show- 
ing which leads of a junction transis- 
tor are which when you're connecting 
the transistor in a circuit. But you can 
tell which lead IS the emitter, which is 
the base, and which is the collector, 
and also identify the transistor as a 
PNP or an NPN type by using the 
ohmmeter of a digital voltmeter. First 
turn the ohmmeter to a scale that will 
forward bias a diode (these scales 
often have a diode symbol beside 
them), and leave it on this scale for all 
of the following measurements. Con- 
nect the ohmmeter to all possible pairs 
of the transistor's leads, uslng both 
polarities. If the transistor is good, only 
two of the six combinations possible 
will show conduction. The two leads 
having the higher indicated resistance 
on the ohmmeter are the base and the 
emitter; the remaining lead is the col- 
lector. Only one of these two leads will 
show resistance when the collector is 

RELAY UNIT  

MAlN 
COAX 

INPUT 

CONTROL UNIT 

- 
- RLY - 

1 . . . 

RJ-R4 ~56052 

0 1 - 0 4 :  LED'S 

MAlN INPUT AND 
A. B. C. 0 : 50239 PLUGS 

Circuit diagram for remote control antenna switching system. 
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one of the leads connected to the ohm- 
meter. This lead is the base. Since 
you've identified both the base and 
collector leads, the remaining lead 
must be the emitter. 

To identify the transistor as NPN (the 
most common) or PNP, connect the 
ohmmeter to two of the leads so con- 
duction is indicated. If the po$ive 
ohmmeter lead is connected to the 
base, the transistor is NPN - other- 
wise, it's PNf? This method works 
because the emitter (which has the 
same type of doping as the collector) 
is always doped more heavily than the 
collector. When a given current is 
forced through the emitter-base junc- 
tion, a higher voltage is required to 
overcome the greater built-in voltage 
of the space charge region than is 
needed for the more lightly doped 
collector-base junction. All DVM ohm- 
meters work by forcing a current 
through the leads and indicating the 
voltage that results (calibrated as a 
resistance). A given current amplitude 
"reads" as a higher resistance when 
forced through the emitter-base junc- 
tion than it does when it's forced 
through the collector-base junction. 

Bob Henderson, KBGSS 
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gas discharge tube across the phone 
line and transient supressors on 
each input and output signal stop 
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that its proven performance in the 
field allows u s  to offer two year 
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damage caused by Ughtningl 
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numbers. The talklng S-meter will 
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ON YOUR COMMODORE 
Designing 
high performance 
Yagi antennas 

Tool A 
The ability to determine accurately the magic numbers for 
any average diameter chosen. 
Tool 6 
The ability to determine accurately the resonant electrical 
length of a tapered element at any frequency. 

By Alan Hoffmastec WA3EKL. 929 Andrews Road, 
Glen Burnie, Maryland 21061 The ability to scale, or shift, the antenna resonant frequency 

to anyplace in the des~red band and have the scaled model 
perform in exactly the same way as the original. 

Because I've received many queries about my original 

T 
program (and this one is very similar), I'll explain it in more 

he following program is an upgraded version of one detail. Those of you who've already typed in the original 
published in Ham Radio in June 1985! The program program should have no trouble modifying it - even if your 
lets you duplicate the performance characteristics computer isn't a Commodore. 

of the PV-4 accurately without having to build a PV-4 clone. 

PV-4 background 
Jim Lawson, W2PV, never published the PV-4.* It was a 

custom design for a number of New England area con- 
testers, who make good use of it today - along with W3LPL 
and myself. This particular array defied Jim's original find- 
ings of equal spacing and directors all of equal length. It 
also makes use of an odd boom length, 0.57 wavelength. 
The reflector, driven element, and first director are all 
bunched down at one end of the boom and the second 
director is the other end of the boom, making the array 
mechanically unbalanced at the center. However its per- 
formance characteristics are exceptionally good. The Yagi 
maintains a h~gh gain (10 dB) over the whole band and at 
least 20-dBfront-to-back ratio, with avery high peak(40 dB) 
at the central design frequency. The central design fre- 
quency should be chosen in the middle of the phone band, 
because the performance characteristics tend to deteriorate 
rapidly as frequency is increased. A beam designed this 
way will still perform very well in the CW portion of the band; 
however, the reverse IS not true. 

With the aicl of a rather large computer, Lawson explored 
numerous combinations of Yagi element spacings and res- 
onant lengths. He chose a combination that yielded a high 
gain and front-to-back ratio over a 3-percent bandwidth, 
which covers most Amateur bands. His original designs2 
used equal element spacing and a 5.26 x wavelength 
average diameter. Using these criteria, he established a 
chart2 of resonant element lengths of constant diameter for 
two, three, four, five, and six-element Yagis. I call the chart 
"The Maaic Numbers." 

Program notes 
As the PV-4 began to appear, none of the articles gave 

the magic numbers and the average diameter associated 
with them, until K1GQ published them in 1986.3 Before 
KlGQ's article appeared, I tried to extrapolate the magic 
numbers from the various designs in the literature, but 
couldn't get consistent accuracy. My challenge was to con- 
vert K1GQ's magi'c numbers, based on a 0.001 wavelength 
average diameter, to 5.26 x 10-4 wavelength average 
diameter, which is what my programs run on. The program 
does this for you. After it computes the average diameter 
of the element you've input (lines 720 through 740), it checks 
to see if the average diameter is 0.875, which corresponds 
to a 5.26 x 10.4 wavelength on line 1450. If the average 
diameter isn't 0.87'5, then lines 1430 to 1530 calculate a new 
set of magic numbers for the average diameter of the input 
element. To prove that the new magic numbers are correct, 
I wrote the following program from lines 1480 through 1560 
of the main program. 
Proof program 
70 DIM A(4), BPI) 
80 FOR H=O TC) 3 
90 A(H)=O:B(H)-0 
100 NEXT H 
110 A(O)=0.4952!8: A(1)=0.48028: A(2)=0.44811: 
A(3)=0.44811 
120 RA=0.000526 
130 RB=0.001 
140 KA=lIRA 
150 KB=1/RB 
160 FOR J=O TO 3 - 
170 F1=(1 -((I0 7575*(LOG(KA)/LOG(lO))) -8A - 1)/(2'A(J)) Design parameters 180 XX=((~I~.I~*(LOG(KA)ILOG(IO)))-I~o)*((I/FI)-FI) 

Jim left us w~th a set of mathemat~cal formulas as Impor- 190 AA=XX/((215.15*(LOG(KB)/LOG(lO)))-160) 
tant tools to des~gn h~gh performance antennas. 200 F2=(-AA+((AAA 2)+4),0.5)12 

210 B(J)=(l-((10.7575*(LOG(KB)/LOG(10)))-8)A -1)/(2*F2) 

'Jtm Lawson W2W IS known for hls many artlcles on Yagt antennas publashed In Ham Radio 
220 NEXT J 

He IS now a s~lent key Ed 230 3 B(0) 
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Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
S e r v i c i n g  "Hams" f o r  30 years, no rig 

too old or new for us. 

4033 Brownsville Road 
* 412 Trevose, Pa. 19047 ,- 

'-' 2 1 5-357-1 400 

f 3 

BLACK D A C W  POLYESTER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

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 l nqu~ r~es  Invited 

................ 
2472 EASTMANAVE BUILDING 21 

synthetic VENTUM CALIFORNIA 93003 
textiles,inc. (8051 658-'1903 

\ 
. . . . . . . . . . . . . . . . . . . . .  J 

I MultiBand Antenna I ~ 
1 0  thru 160 Mctcr 

Factory Wired LQ Testcd 

Introductory Pricc 1 $39.95 Plus $4 Shipping - 
I 1 

Aulhonzed 

Dealer 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 

General Communications ~ e l i a b i h t ~  in . C h a r ~ n ~ l  rirmr,nl 5 I.,<,- ,i . t t~ IIHI) Frequency 
I <<nrj M d x l r  W C I ~  Management 
Mattn? . Alrcldll 
1cl.mc1r) - .  .? . < .  . . Mon1lor9k1nnr1Jl 'dqn\ 

AmateurslZ-MeterlGeneral Coverage - - 
CBlHobbiestlExperimenter a -  -- 

! I ,  

. The Pulse of Dependable Communications.. 
(rv,l?i ~ r i v . ~ l * , , t l l ~ . ! i t l > c ~ t ~  I > < , *  1 '  ~ . ~ I ~ ~ ~ R E E I , I I , I I ~ ~ I I I I I I ~ ~ ~ I , I I  IMI I>/ 1 1 ~  I,!la,i! .)tlttlr>l,l~l ! t l~rt~n~~/iv1. 1 ~ . , ~ n r t >  :Ir\~qt~~-<l o r  nll I ~ P  
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CRYSTEK CORPORATION 
!>t.l.> ~ ~ ~ ~ ~ l l ! l A l l  ~~ l ' l~ i8 l . :~ l l f>N 

TOU FREE 1-800-237-3061 
pH 8 1 3 - 9 3 6 - 2 1 0 9 W  510-951-74481FAX 873-939-4226 
TOLL R(EE IN THE U.S.A. EXCEPT FLORIDA. AWKk HAWAII 

SAY YOU SAW IT 
IN 

HAM RADlO 

NEMAL ELECTRONICS 
Tomplete Cabk Asscmbly facilities MIIP!TlQ452011 
*Commercial Accounts welcome- Quantity pricing Same day shipping most orders 
*Factory authorized distrihutor for Alpha, Amphenol, &Men, Kings, T i s  Fiber 

Call NEMAL for computer cabk, CATV cabk, Rat  cable, .semi-rigid cabk, t e l e p h o ~  cabk, 
crimping tools, D-sub conncctors, heat shrink, cabk tics, high voltap conncctors. 

HARDLINE 50 OHM 
FX41Z 1 / 7  Alwnlnun Black JacM ........................ 891?l 

...... FLClZ l / r  Cablsw.rrs con. cq.p~ Wr /hi 1.69m 
FLC78 7 / r  C a W ~ . v e  c o n . c o ~ ~ w  Mk M ........ 25m 
N M f X C  N c m  f / r  con coppsr m/l ............ 25 00 
NM7KC N c- 7 / 8  con m/l ............ 54 00 

COAXIAL CABLES (per RJ 
.......................... 1180 BELDEN 8813 vsy low lou 55 

1102 ffi8/V 95% rhidd IW l0S.S h fig*........ 36 

i r lo RW wa a w  (mh! 8) ............................. 17 
1130 f f i 213P 85% s M . M  d l  .p.e M ........ 39 
1140 RG214p dW aikw aNd d l  4 N C  .................. 185 
1705 RGl4ZB/V dbl slhsr a M ,  t&m Inr ........... 1 50 

......... 1310 RG217fl SO dun sxo d dbl r ~ d  98 
.......... i 4 5 0 R G l 7 4 p S O d w . l O L T o d f d l r p n  14 

ROTOR CABLE4 CONDUCTOR 
..................................... 8 ~ 1 . ~ ~ 2  2-18ga m d  &22ga 25 

82re20 2-169a ud &zoga 39 ..................................... 

CONNECTORSMADE IN USA 
...................... NElZO T p  N plyl hw BJd.n 9413 U W  

.......................... N.6723 T p  N lack lor &M.n 9413 4.m 
msm~ krph.nd mse .............................................. m 
~ W T S  ~ J B  tellon h / d h r  plhd ...................... 1.58 
~ 5 8 1 \ ~  wbhnvk (bvd).  .................. I 6 5  
f f i  l 7 5 / w ;  178 rsducsr kf f f iS8 /58  (3psclty) ............... .lf 
UGZ~DS N plug t~ f f i ~ z l a z 1 4  s i k w  335 ...................... .................... ffigm N lwk to m~ d-, maon (1% 
f f i1464 SO238 to N plug d W ,  t e h  (150 ................. 
f f i25J ~ 0 2 3 8  BM: plug d*, ~nphurd ......... 4 251 
~ 0 2 3 ~ 4  UHF CU ,,,t mephclepnphand ........... 89 
U ~ H H c  8~~ plug " ~ ~ 8 ,  223 ,J,' 1 45 

GROUND STRAPGROUND WIRE (per H I  
................................ G S 3 1 3 3 / B W n d c o p p r b d d  4 0  
................................ GS 12 l / r  ti& copper brdd 50 

.............. GSZDO 1 . 1 ~  / m y  b m d  em m 2 0 0  
........................... W O ~  6ga 1mul.lsd s b n d . d  win 39 

Awl4  14ga rbnded An(sm wim CCS 14 ................. 
Firm do not include shipping. $3 minimum. ViwIMnrterrard S.M min. ('On ndd 13.00 
Cdl  or d f e  lor cconplals price IbL W a  m 4 0  pago WLE AND CONNECTOfl SELECTlON GUIDE is d . b k  
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NEMAL ELECTRONICS, INC. 12240 N E  14th Ave. N. Miami, FL 33161 
(305) 895-3924 Telex 697-77 2Ahr FAX (305)8954178 



"NEW" DUAL & TRI BAND SUPER 
"LINEAR" ANTENNAS 

NEW! ULTRA COMPACT 

a - 8 0 1  

(A-630TN 

CALL YOUR DEALER 

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

2 (M-400 420-460 MHz 
(M-420 140-460 MHz 
[M-900 850-950 MHz 
(M-1200 1250-1350 MHz 

1.2 GHz 
146 MHz 
446 MHz 
1.2 GHz 
146MHz 
446 MHz 
1.2 GHz 

DEALERS INQUIRIES WELCOME 

1275 N. Grove S t  
Anaheim, (A 92806 

(714) 630-4541 
FAX (714) 630-7024 

8.4dB 
3.0dB 
6.8dB 
9.6dB 

2.15dB 
2.1SdB 

5.5dB 

Try IRC's ncw HF franscc~ivc.r 
w]ST-135 at Gilfer P store. 

Cen. roveragt, I r ~ p l e  conversion re- 
ceiver, 100 kHz-JOMHz, mlrroprocessor 
controlled, d~rect d ~ g ~ t a l  synth. IC Low 
d~stort ion adjustable power amp.10-150w 
out Pass-band shltt, Notch, Blanker, Pro- 
cessor, Dual VFOs, 200 ch memory,VOX, 
AGC, RIT, Squelch, FullISemi Break-in. 
VISIT CILFER'S STORE ',*, INCSS- LI 
Easy lo a c c ~ ~ s l b l e  
from New York L~ty.  
Take Garden State Park- 
way INE portion of N.I.1, +Pa>,. 
1x11 172. <;llfrr 15 ln the Rlnqe \. 1 
renter of I:lrk Ridge, 
op stte the Bornugh 
H a r ~ t o r e  hours: $ 
M-F lOam-5pm. 

lOOW 

l5OW 

50W 

500 Won RTTY 
RX.138-174 MHz Covers 160.15 Meters 

440-450 MHz 1.3-5002 Tube 
P.O. Box 6522 100 Watts of Economical TX-140-150 MHz QSK with Optional Board 

Performance 
220 N. Fulton Ave. 

Store Hours 
MON-FRI: 9AM 6 PM COMPACT ZMI~OCM 

SAT: 9AM - 3 PM DUAL BAND FM 

CENTRAL TIME Simultaneous Recept~on Ultrasmall HT 
on Both Bands ANTENNA TUNER 

SEND A SELF ADDRESSED STAMPED Up to 5 Watts Output 5 Watts Output 
(SW) ENVELOPEISASE) FOR NEW AND 

Cross-Needle SWRlWattmeter 
21 Memories on Each Band VFO Scan 

USED EOUIPMENT SHEETS. Handles 3 kW Power 
Built-in 10 Memory DTMF ~ ~ ~ ~ , " ~ ~ b l e  , 

WARRANTY SERVICE CENTER FOR: 
Bullt.in CTCSS Memories 

ICOM. YAESU. TEN.TEC 
PLUS MORE! 

FOR SERVICE INFORMATION CALL 
(812) 422.0252 

FAX 812.465.4449 

High VSWR and New UILSB, QSK, CW. 

Overdrive Protection 
Dual VFO's, 100 W Output 

3 '2"  

1 ' 5 "  

MOBILE 

MOBILE 



240 ? B(l) 
250 ? B(2) 
260 ? B(3) 
270 END 

If you plug in the numbers from Jim's chart2 on line 710, 
and use a 0.001 or 0.008-average diameter on line 130, 
you'll get an accurate set of all of his figures. When you 
Insert KlGQ's maglc numbers on line 110, 0.001 average 
d~ameter on line 120, and 5.26 x 10-40n line 130, the 
preceding program calculates a new set of magic numbers 
based on a 5.26 x10-4 average diameter. You'll find it on 
line 1400 of the main program. I used the same procedure 
to prove the rest of the program. The original program was 
written on my Atari computer. It took my wife (N3DPB, an 
excellent program debugger) and me four hours of debug- 
ging this one little subroutine before we could consistently 
reproduce Jim's figures. After that, it took another three 
hours on the phone with WA3HQX, who converted the 
subroutine to the Commodore format. 

Program explanation 
Lines 100 to 400 are a brief history and list of recommen- 

dations. Lines 400 through 780 store the user input infor- 
mation in the various arrays and var~ables with a subrou- 
tine, and lines 1750 to 1810 print the information to the 
screen. Line 750 takes you to a subroutine (lines 1360 
through 1640) which calculates the normalized element half 
lengths for whatever average diameter element you input, 
and then stores the data in other variables. Next, in line 760, 
you gosub again to lines 1650 to 1720, which print the nor- 
malized lengths to the screen. Lines 790 through 1050 cal- 
culate the actual electrical resonant element half length 
(called the "total equivalent length") per the data you've 
input, and prints it to the screen. Program line 1050 asks 
if you want to change a segment length. The object is to 
adjust your segment lengths until the total equivalent length 
is equal, or very close to, the "normalized length" for the 
element you're working on. Lines 1050 to 1140 let you do 
this. Finally, lines 1150 through 1350 print all of the data 
to the screen.* 

Avoiding stumbling blocks 
This program, as is, will run on an Atar~ computer. With 

a few modifications it will probably run on most others. The 
only difference between the Atari and Commodore pro- 
grams is the way In wh~ch each computer calculates the 
common logarithm. This was a major hangup for WA3HQX 
and me in trying to get from Atari to Commodore. For 
instance, if you say LOG5 in Commodore language, the 
computer takes the natural log of 5 (or log to the base e 
of 5). This program and Jim's formulas use the common 
log or log to the base 10. To convert from the natural log 
to the common log in Commodore language, you must 
divide the natural log by the natural log of 10. For exam- 
ple: LOG51LOGlO = common log of 5 in Commodore lan- 
guage. In Atari language, you simply say CLOG5 to get the 
common log of 5. Check your computer's BASIC language 
book to see how it calculates the common log, and make 
the appropriate changes to lines 910, 1510, 1520, 1530, and 
1550. 

WWEKLs program IS available lrorrl Hern Radro upon recelpt of a self-addressed, large, stamped 
envelope Ed 

Hints for Atari users 
For Atari users who want to make the program run a lit- 

tle faster, and also make it a little easier to type in, change 
the aforementioned lines to the following: 
91 0 M =((43,03*CLOG(K2))-32)/((43.03*CLOG(Kl)) -32) 
1510 Fl=(l-((10.7575*CLOG(KA))-8~-11(2*A(J)) 
1520 XX=((215.15*CLOG(KA))-160)*((1/F1)-F1) 
1530 AA=XX/((215.15*CLOG(KB))-160) 
1550 B(J)=(l -((10.7575 *CLOG(KB)) -8)A - 1)/(2'F2) 

I hope this explanation helps you understand how the 
program runs. The rest of the program is straightforward, 
simple, and bas~c. All the formulas can be found In Jim 
Lawson's original articles. 

It was Jim's desire that the Amateur community build, 
evaluate, and report to each other how his monoband Yagis 
performed. I have built Jim's three-element design on a 0.3 
wavelength, and his four-element design on a 0.75- 
wavelength boom. W3LPL has built Jim's six-element 
design on a 0.75-wavelength boom. Both W3LPL and I 
have built Jim's specialized four-element design on a 0.57- 
wavelength boom. 

Results 
I built the three-element version for 10, 15, and 20 meters. 

They work unbelievably well. I could hold my own very eas- 
ily in a contest with the big guns. W3LPCs six-element ver- 
sions on a 0.75-wavelength boom played extremely well, 
according to all the operators who worked his station dur- 
ing the DX contests. I also built a four-element, 1.0-meter 
version on a 0.75-wavelength boom. No matter what I did 
to it, including placing it on different towers at different 
heights (56 and 67 feet) and retuning the elements, it 
wouldn't play. The gain seemed very low and the front-to- 
back ratio was bad. I recommend that you don't build the 
four-element version on a 0.75-wavelength boom. However, 
the four-element version you can design on a 0.57- 
wavelength boom using this program is an entirely differ- 
ent story. During the summer of 1987, W3LPL built a four- 
element, 20-meter version. Even though my three-element, 
10 and 15-meter antennas worked great, I changed them 
to four-element versions with this program. 

After completing the 1987-88 contest season under the 
call K3ZZ, I could honestly say that the results were 
indescribable. To quote some of the operators at the 10 and 
15-meter positions, "It was like shooting a cannon at the 
DX." While I still had the three-element versions up, we were 
able to achieve third place in one of the ARRL DX phone 
contests, multi-multi category. That's quite an ach~evement; 
we had just two towers in an area 63 feet wide and 140 
feet deep, and our highest antenna was a three-element, 
20-meter monobander at 76 feet! 

I'm a believer in Jim Lawson's designs, and so are the 
contesters who operate my station under the call K3ZZ. 
When you hear WA3EKL or K3ZZ during a contest, you'll 
know what we're using. I hope this article encourages you 
to build this superior four-element monoband Yagi. Good 
luck and good DX! Q 

REFERENCES 
1 Alan Hoffrnaster, WMEKL.  "Des~gn~ng Yag~s w~th the Commodore 64:' Ham Radro, June 1985. 
page 59 
2 James L Lawson, W2PV. "Yagl Antennas Practical Des~gns," Ham Radio. Decon~bcr 1980 
3 B~ll Myers. KlGQ, "The WPPV Four-Clernenl Yag~." OST. October 1986, page 15. 
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An easy-to-build 
TTL design 

By Ronald 0. King, A64 D e  569 Croley Drive, Even though I now use a state-of-the-art, micro-controlled all 
Nashville, Tennessee 37209 band transceiver, you'll still find medown in theCW segments 

of the bands. 
I wanted the feel of an electronic keyer, but money was a 

consideration when I thought of purchasing one. Instead, I 

w designed one myself and called it the "Digi-Keyer." It uses inex- 
e live in a high tech world. This might lead you to pensive and dependable TTL 7400 series digital ICs. 
think that, with all the advancement in communi- The Digi-Keyer is a no-frills, self-completing dotldash keyer. 
cationstechnology, hams would abandon theold It's not iambic, but you'll find it very straightforward. Think of 

low tech modes. But a qu~ck scan of the CW bands tells us it as an electronic "bug." You press the paddle In one direc- 
that's just not so; they're packed with activity! tion for a string of dots and go the other way for a string of 

I was in grade school when I became a ham. I couldn't dashes. Sorry, there's nosqueeze technique here, but it'seasy 
afford phone gear, so I spent a lot of time "pounding brass." to build and fun to use! 

# 

6 

+ 5v 

d 
PADDLE 

I J  
CONNECTION 

- - < DASH 

**< 
I A 

A - * - < DOT 

Schematic of the Dlgi-Keyer. 
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PC board layout. 

How it works 
First, let's analyze the circuit in its idle state to explain its oper- 

ation. (See Figure 1 .) U1 is a basic 555 astable oscillator gated 
by its reset input, pin 4. When this input is low, U1 is in an off 
condition; when it's high, the timer is free running anywhere 
from 12 to 42 Hz. When neither paddle is being pressed, both 
inputsto U4cand U4d are high. One input is high via pull-up 
resistors R5 and R6; the other is high via gates U5aand U5b, 
which are also high because of the pull-up resistors (the out- 
put of U3a is low at this time). The two highsfrom U4c and U4d 
hold the outputs of U6a and U6b low. Because there isn't a 
high level gated to the reset input of U1 (the astable oscilla- 
tor), it remains in an off state. The same low level that keeps 
U1 off, also keeps the two D flip-flops U2a and U2b cleared. 

The keyer is in a settled state. 
Now press the dot paddle. The output of gate U4c goes low, 

and causes the output of U6b to go high. This high isdetected 
on one input of U6a, causing it to remain low during the dot 
cycle. It locks out the dash cycle effectively by holding one of 
U4a's inputs low. The high from U6a is also gated to the clear 
inputs of U2 and the reset input of U1 via U3b, U3c, and CRI. 
U1 begins its timing cycle and the output, pin 3, goes high. 

This positive-going level reaches the clock input of U2a. The 
Uoutput is high because U2 was previously in a clear state; 
this output is presented to the D input of U2a. The high level 
is clocked through U2a, gated to the output of U3a, and 
routed backto Ul's reset input via U3c- allowing U1 to time 
out the complete dot cycle. 
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6 V DC OR MORE ~~~~~ 

COMPONENT 
PLACEMENT u 

I 
R5 

I 
DASH <-, - 

K E I E R  
PADDLE DoT- 

I 

Component placement guide. 

Capacitors Serniconduclors 
C1 1 f i  (see text) 01  2N2222 
C2.C3 0.1 {LF 0 2  7805 (5-wlt regulator) 
C4 0.01 f UI  555 
C5 47 @/50 volt electrolytic U2 74 74 
C6 100 ,,F/50 volt electrolytlc U3 7432 
C7 10 @F/50 volt electrolytic U4 7408 

U5 7486 
Diodes U6 7402 
CRI.CR2 IN914 

Resistors 
R1 1 k  
R2 22-27 k (see text) 
R3 50 k potentlometer 
R4 4.7 k 
R5,R6 10 k 
R7 4.7 k (see text) 

Let's say you release the dot paddle before the dot is com- 
pleted. Because you now have two highs at the inputs of U5b, 
the output of this "exclusive-or" gate goes low, holding U4c 
low. This keeps U6a low via the U6b latch arrangement, allow- 
ing the dot to be completed. When the dot iscompleted, U3a 
goes low, causing U1 to stop and U2a and U2b to clear - 
unless you're holding the paddle, letting the circuit time out 
and form another dot. 

The dash circuit operates in a similar fashion. The excep- 
tion is that U6a goes high to U4a, causing U4a to gate the out- 
put of the second flip-flop (U2b) into U3a. When U2a is 
clocked by the first pulse of U1, its positive-going output also 
clocks U2b, placing a high at the latter's output. That high 
remains for a complete cycle of U2a - the equivalent of two 
dots. As U2a is going high a second time, U2b isclocked low, 
but the pulse from U2a IS added to the pulse of U2b by way 
of U3a to create a pulse that's three dots long - or a dash! 
Aswith thedot circuit, thiscyclewill repeat itself if you hold the 
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dash paddle, or will time out after the completed dash if you 
release the paddle. 

DiodesCR1 and CR2 are essentially gating diodes. I used 
them because of the overriding function of the reset input of 
the 555 chip, U1. When the reset goes low, it forces the out- 
put low - no matter where it is in the timing cycle. Sometimes 
a "slap" on one of the keyer paddles produces a pulse that's 
short enough to prevent the 555 from timing out because of 
the delay time from reset to output (typically around 0.5 ps). 
Reset goes low before a pulse can propagate through the cir- 
cuit. If you useCR1 and CR2, once the output of U1 goes high 
CR2 will hold the reset input high and CR1 will be forward 
biased. But if U3cgoes low before the output pulse can gate 
back through to U1, CR1 will become reverse biased, isolat- 
ing the output of U3c, and allowing the timer to continue its 
timing cycle long enough for the output to be gated back 
through U3c. R4 is a pull-down resistor which prevents 
accidental triggering of U1 when its output is low and the out- 
put of U3c is also low. R7 and Q1 are the keying circuit that acti- 
vates your transmitter. 

All Digi-Keyer parts are inexpensive and readily available. 
If you order from one of the many mail order parts houses, 
you'll have no problem getting them. The total cost of the parts, 
if you purchase them through one of these firms, should be 
under $5.00, minus the pc board, case, and power supply. 
(See Figures 2 and 3 for PC board layout and component 
placement guide.) I use an AC adapter-type power supply that 
outputs anywhere between 6 and 12 volts DC, with a current 
rating of 500 mA or more. Use a 7805 three-pin regulator chip 
to obtain the 5 volts you'll need for the Digi-Keyer. Unfor- 
tunately, TTL uses a lot of current, so batteries won't last long. 

You can build the Digi-Keyer by mounting the sockets on 
a perfboard and wire wrapping the circuit. There's nothing 
critical about the layout. If you decide to use my pc board lay- 
out, you won't need the sockets. 

R7 is normally a 4.7-k resistor. But if you plan to use a key- 
ing relay, lowering R7's resistance will give you more current 
to pull in the relaycontacts. A 47-ohm resistor works quite well 
for most small relays. 

You can vary R2 from 22 to 27 k, depending on the speed 
range you prefer. For example, a 22 k will give you a speed 
range from about 10 to 30 wpm. A 27 k gives you a speed 
range from about 5 to25 wpm. Besure that R3 isalinear-taper 
potientiometer. C1 can be any type of 1-pF capacitor. I tried 
several kinds, from polystyrene to nonpolarized electrolytics. 

I didn't include a space for a keying relay on the pc board 
layout. A small piece of perfboard, not much larger than the 
relay itself, will be sufficient to outboard the relay close to the 
board. 

I have found that, in some instances, the keying voltage of 
some transmitters may be too high for Q1 to handle. Some- 
times RF gets into the keyer through Q1, causing the latter to 
lock on. For either of these problems, I suggest using a key- 
ing relay between Ql's collector and the power supply posi- 
tive. Use a relay whose coil is rated at the voltageof the power 
supply you've selected to use for the keyer. In worst case sit- 
uations, place the keyer board in a small metal box (Bud no. 
CU-234) and ground it to your transmitter chassis. 

Ah I said before, Digi-Keyer operation issimple, straightfor- 
ward, and fun! 

I'd like to thank Ralph Easley, N4UTW, who helped me with 
the pc board, and Marcus Harton, KC4HVG, for his help edit- 
ing this article. 

Congratulations Terry; 
apologies Dick 

One of the fun parts of managing any business 
enterprise is to be able to announce the promo- 
tion of a valuable team member. If you take a look 
at this month's masthead you will find that Terry 
Northup, KAISTC, is now the editor of Ham 
Radio Magazine. 

In the two years that she has been with us, Terry 
has made a most enviable track record for her- 
self. She took on the assignment of refocusing our 
editorial product to make it more useful to our 
existing readers and at the same time to make it 
more appealing to Amateurs who were not 
already subscribers. The magazine was also to 
be given a bold new look which would reinforce 
the message that it was not just business as usual 
here in New Hampshire. 

There was a tremendous amount of work to be 
done, as no part of the production process was 
left untouched. The whole Ham Radio staff 
became involved in the many changes that had 
to be made and everyone certainly deserves a lot 
of credit. However, it was Terry who had to keep 
the whole project on track and on schedule. 

The results speak for themselves. The maga- 
zine you are holding in your hands is a more lively 
and timely product than ever before. Your many 
letters and comments have been virtually all in 
approval. The real proof is that our readership is 
up over 25 percent in just one year's time, and 
this growth shows no signs of slowing. 

You've earned your new desk, Terry. Thanks 
both from your teammates and from your many 
thousands of loyal readers. 

On another subject, Dick Ross, K2MGA, my 
counterpart at CQ Magazine called the other day 
to point out that the name of their magazine and 
of The CQ World-Wide DX Contest are 
trademarked and should have been indicated as 
such in the article published in our August issue. 
Our apologies, Dick; it won't happen again. All 
DX editors, please take note. 

Skip Tenney, W1NLB 
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By Ralph H. Fowlel; NGYC, Rt. 1 Box 253R, Pearl 
Rivel; Louisianna 70452 

M ost of the DVMs offered by today's manufacturers 
lack the ability to measure voltages higher than 
approximately 1 kV. Perhaps this is why the old, 

reliable simpsons are still so popular. It's as if manufacturers 
forgot that some people still troubleshoot high voltage 
equipment like linear amplifiers, tube-type transceivers, and 
high voltage power supplies. In an attempt to fill this void, 
I'll show you how to construct a simple, easy to build high 
voltage probe capable of measuring 5 kV, or more. You can 
use this probe with any DVM capable of measuring 0 to 
5 volts. Almost any reasonable DVM input impedance is 
allowable, and the basic accuracy of your DVM is preserved 
after the probe is calibrated. 

The schematic of the probe is shown in Figure 1. It's 
essentially a 40-meg string of resistors shunting the meas- 
urement voltage, with an adjustable tap near the ground 
end. When connected to the tap, your DVM will read the 
voltage out in kVDC, with a scale factor of 1,000. Thus, 3100 
volts DC from your linear's power supply will be read out 
as 3.100 volts DC. 

The resistor string in my version is composed of fourteen 
2.8-meg 142-watt metal film resistors. Metal or film resistors 
are preferred over composition types because the latter 
have poorer stability, and the accuracy of readings is apt 
to degrade over time - requiring recalibration. With an 
input of 5 kV, each resistor sees less than 360 volts, which 
is well within the manufacturers' ratings. Manufacturers typi- 
cally rate 112-watt carbon composition resistors at 350 volts 
continuous, and metal film resistors at up to 900 volts. Power 
dissipated with 5 kV applied is less than 0.64 watts total, 
a very conservative condition. You need not duplicate my 
particular resistor values, nor do all the resistor values have 
to be the same. More importantly, the voltage (across EACH 
resistor, calculated individually if the values are not all the 
same), dissipation, and stability factors should be consid- 

I -PROBE +PROBE 
INPUT INPUT 10-SkY) I 

RTRIM 

PROBE 

(0-SV)  
TRIMMER TO 0"M 

62 k 
I N W  COMMON 

TO DVM 

+ L E A D  
( 0 - 5 V )  

-LEAD 
. (COMMON) 

I 
-- 

INSET 

I I 

Schematic of the 0 to 5 kV hlgh voltbge probe. 

72 Ham Radro/October 1989 



ered. Don't run the risk of subjecting your sensitive DVM 
to the ravages of high voltage. 

One feature worth incorporating is the redundancy of the 
paralleled resistors near the ground end of the string, R1, 
R2, and Rtrim in Figure 1. Note that should any one of these 
resistors open, for whatever reason, the voltage presented 
to the DVM will not soar up to 1kV (with 5 kV applied to 
the input) and cause meter breakdown. Though it probably 
wouldn't damage most DVMs with typical protective cir- 
cuitry, why tempt fate? 

This probe works with meters of various input imped- 
ances because the tap is at a fairly low impedance point 
on the string. The shunting action presented by meters with 
1 meg or higher impedance is negligible. I chose the values 
used here for a 10-meg input impedance, although this cir- 
cuit will accommodate anything above approximately 1 meg. 
To accommodate significantly lower impedances, it may be 
necessary to change the string andlor tap position on the 
string. In any case, Rtrim allows exact calibration for your 
particular DVM. 

Construction 
The probe is built on a 5-112" by 518" piece of perfboard, 

as shown in Figure 2. Do not use prototype pc boards, or 
any other noninsulating board. The high voltage may lead 
to breakdown. The perfboard is housed in a 7" length of 
314" rigid PVC pipe with a cap (uncemented) on the lead 
exit end. The probe end has a probe tip cemented in place 
with epoxy. After the components are in place inside the 
housing, stuff a tuft of fiber glass insulation or other non- 
flammable insulator around the probe tip and approximately 
112" inside the probe housing. Backfill the remaining 112" 
void around the probe with epoxy or urethane cement to 
secure the tip in place. To provide some strain relief for the 
cablelperfboard connection point at the lead exit end, 
anchor the leads to the end plug with tape or cement. Two 
leads exit from the rear of the probe housing. One is con- 
nected to the tap on Rtrim, and goes to the "+" input of 
the DVM. The other is the common lead, which connects 
to the "-" input of the DVM. I used miniature coax to reduce 
the tangle of cables. A third lead originates from the "-" 
plug, which attaches to the common (ground) 
point in the circuit you are probing. This is shown in the 
Figure 1 inset. 

I found that the "zigzag" pattern of resistor mounting 
shown allows for reasonable parts placement with a mini- 
mum of probe length. The tubing I used for my probe is 
0.185 inch thick and marked "suitable for drinking." Since 
rigid PVC has an advertised dielectric strength of 350 volts 
per mil thickness*, it will (theoretically) withstand about 
32 kV with 100 percent safety factor. This is at DC or low, 
non-RF frequencies, however, so don't use this probe with 
RF present at an appreciable power level (like at tube 
anodes). 

Cali bration 
Calibration is srmpleand can be done rn either of two ways. 

Method 1: If possible use a second, accurate meter capable 
of reading, say 1 kV, as a reference. Simply adjust Rtrim 
so your probelDVM reads the same as the reference meter 
when connected to a s litable high voltage source. Remove 
- -  - - - - 

'Accord~ng to ARRL Handbook 1986 Ed~ t~on  page 35 

PROBE 
INPUT 
( 0 - 5 k V )  

RTRIM 13 COMMON PROBE 

(GNO) OUTPUT 
TODVM TODVM 

Suggested parts layout on the perfboard. 

the end cap and use an INSULATED tweaking tool to do 
the Rtrim adjustment. 
Method 2: The second method requires only one meter 
capable of measuring a few volts accurately. It can be the 
meter you plan on using with the probe. 

First, determine the resistance of the R1, R2, Rtrim 
serieslparallel combination by measuring from point A to 
ground (see Figure 3). If you use precision resistors, cal- 
culate their resultant value. My resistor configuration meas- 
ured 41.860 k. 

Next, obtain a stable, low voltage source (like a 1.5-volt 
cell) whose voltage is known, or can be measured 
accurately. I used a D cell with a measured voltage of 1.555 
volts DC, open circuit. 

Finally, refer to Figure 3. Notice that if 1.555 volts DC from 
the source is applied between point A and ground, by 
Ohm's law a current of 37.15 pA will flow through 41.860 k. 
Note that the same current would also flow if 1458 volts DC 
were applied to the probe input. By applying 1.555 volts 
DC between point A and ground (with the probe output 
connected to your DVM), you simply adjust Rtrim to get a 
1.458-volt reading on the DVM, corresponding to an equiva- 
lent of 1458 volts at the probe input. Figure 3 shows this 
calibration setup. 

One operational note remains. Some meters have differ- 
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I 
I 

COMMON (GND) 
TO DVM 

Simple setup for calibrating the probe. 

ent DC and AC input impedances. Ten-meg DC and 1-meg 
AC input impedances are sometimes specified. In this case, 
if you calibrate with a DC voltage on the DC scale, AC vol- 
tages will be approximately 3.6 percent too low as a result 
of changing impedances. I think most of us can live with 
this; but if you're a perfectionist, you can calculate the error 
in volts and add this number to your reading. 

A final safety note: While a HV probe increases your 
measurement capability, remember it also increases your 
risk of lethal shock. ALWAYS exercise EXTREME caution 
while working around high voltages. 

And there you have it. A cheap, simple and accurate HV 
probe. Happy measurements! 
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WASGFR COMMUNICATIONS ENGINEERING version 3.1 
by Lynn Gerlg, WA9GFR 
Interesting program that will allow you to predict communications ranges 
based upon your station's operational capabilities. Useful from 3.5 to 3.5 
GHz. Also includes helpful Smith chart program for any pe of matching 
network. Provides impedance results in both tabular andt lgh resolution 
Smith chart gra hics Great value at a low price. 
OGFR-DOS ( M ~ D O S )  $19.95 
UGFR-C64 (Commodore C-64) $19.95 

MICROSMITH Smith Chart Utility Program MS-DOS 
by Wes Hayward, WlZOl 
MicroSmith is a workin Smith chart that has been optimized for impedance 
matching applications. ?he user can modify all variables to meet specific 
matching goals. Includes a clear and concise tutorial that all levels of in- 
terest will find helpful. Complete text explanations with graphs aid full com- 
prehension of the material. 
LIWH-MS (MS-DOS) $29.00 

SPACE ALMANAC 
by Tony Curtis, K3RXK 
Complete database almanac is an unbelievable value! 955 pages jammed full 
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stations, shuttles, un-manned satellites, rockets, astronauts to name just a 
few areas covered. Also includes plenty of reference tables, charts, maps, 
diagrams, drawings photos and much more. 35s pages on Ham Radio in 
space. 1989 
IIAS-SA $19.95 

W2GGE CONTEST PROGRAMS (MS-DOS) 
by Jack Schultz, W2GGE 
Great contest logging programs! Written in machine language for maximum 
flexibility and speed. Compatible with most MS-DOS PCs. Shows log, coun- 
tries worked, all band score on screen. Super fast dupe checking. Prints out 
log, checklist, and QSLs. 
UGGE-CQ CQ WW Contest (6000 QSO's per band) $39.95 
UGGE-AR ARRL OX Contest (6000 QSO's per contest) $39.95 
UGGE-WPX CQ Prefix Contest (5000 QSO's per band) $39.95 

ARIES-1 for Kantronics KAM & AEA PK-232 and 
MS-DOS computers 
by Thom Ashton, NY21 
This fully featured program acts as a controller for your computer compati- 
ble radio, multi-mode terminal unit and MS-DOS computer. In fact, h i s  pro- 
gram does so much, it is hard to fully describe! It will log and dupe check 
for you. It prlnts QSL cards. Automat~cally Inserts date, time, frequency. 
and mode. Works with a mouse or function keys. Will do log searches and 
much more! Hard to describe but extremely useful program. 
UARIES (MS-DOS Computers) $89.95 

ANTENNA IMPEDANCE MATCHING 
by ARRL 
One of the most comprehensive books ever written on the use of Smith 
charts in solving impedance matching problems. Written for the advanced 
Amateur, technician or engineering professional. 224 pages full of helpful in- 
formation and solutions to tricky matching problems. c 1989 
I-JAR-IMP Hardbound $14 95 

PACKET PICTURE TRANSFER PROGRAM from MFJ 
This new program is designed to allow you to pass picture to packet sta- 
tions anywhere. Written to be compatible will all multi-function TNCs. Will 
convert most other formatted graphics into a compatible format for trans- 
mission. Allows you to set up your own Picture BBS. Paints to screen and 
saves to disk on receivin end 
r IMFJ-PIX INTROOUCTO$IY SPECIAL $9.95 

CONTEST PROGRAMS (MS-DOS) 
by John Berg, KAIHYU and Clint Wise, WlXN 
If you haven't yet done a contest with a computer, you're missing one of 
life's true pleasures! No more dupe or log sheets strewn around your oper- 
ating table. Instantaneous scoring eliminates hours of work at the end of the 
contest. Print out the dupe sheets and log, f~ l l  out the, entry and mail to the 
contest committee. The follow~ng contest logs are avatlable (ALL MS-DOS): 
UBW-DX ARRL OX Contest 539.95 
UBW-CP CP WW Contest $39.95 
OBW-WPX CR Preflx Contest $39.95 
IIBW-A60 ARRL 160 Contest $39.95 
UBW-C60 CQ 160 Contest $39.95 
nBW-A10 ARRL 10 Meter Contest $39.95 
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By Thomas V: Cefalo, JK, WAISPI, 29 Oak Street, 
Winchestec Massachusetts 01890 

B e a k e n v e l o p e  power (PEP) can't be measured easily 
- 

w~th an analog meter. This meter doesn't respond 1- I 
well to the dvnamic variations in the human voice. 1 VOICE SIGNAL I 

As an alternative to ihe analog meter, you can use an LED 
bar display to monitor output power. The LED indicates 
actual peak power, eliminating the problems you'd exper- 
ience with the analog meter. This article describes a PEP 
wattmeter designed for use with a transceiver or linear 
amplifier with an LED display having power ranges of 30 
to 160 and 300 to 1600 watts. 

Sampling power Signal sample showing voice peaks. 

or more tones results in a complex sinsoidal wave. How- 
ever, the variation from cycle to cycle is small, so you can 
use sine wave measurement techniques (see Figure 1). The 
actual PEP is the rms power contained in a signal at the 
peak of the modulation envelope. Calculate PEP using 
Equation 1. 

Carbon resistor equivalent circuit. 

PEP = (0.707 Wk)2 

RL 
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The problem lies in determining how to sample a small 
percentage of power from a transmission line. One 
approach is to simply tap off the transmission line with a 
resistive divider. This itself presents two major problems. 
First, the impedance of a carbon resistor isn't constant over 
frequency. A model of acarbon resistor is shown in Figure 2. 
The inductance is caused by lead length. If you have short 
leads, you can ignore this inductance in the HF spectrum. 
The main contributor of reactance is capacitive in the one- 
half watt and larger wattage resistors. This is because of 
the capacitance formed between the carbon granules. For 
example, I measured the series resistance and parallel 
capacitance of a 10-k, l-watt carbon resistor over frequency 
on a Hewlett Packard RF impedance analyzer model 4191A 
and plotted it in Figure 3. The graph indicates that the resis- 
tive divider is a poor way to sample power. 

The second problem that occurs with a resistive divider 
has to do with isolation. There's no isolation between the 
forward and reflected wave. This means that any VSWR on 
the transmission line causes the forward power to add with 
the reflected power, giving a false power reading. To obtain 

- - 

1.6 

1.5 

1.4 

1.3 

1.2 ' 
'ii 
L 

1.1 $ 

1.0 

0.9 

0. e 

07 
1 3 :i 7 9 11 1315 1719 2123ZS 27 29 31 

FREQ. / M H z )  

an accurate power reading, the VSWR on the t~~nsmission ~ m p h  showing mries resistance and parallel capacitance variations 
line must be less than or equal to 1.1:l. versus frequency. 



I 
IELECTROSTATIC SHIELD 

TJ I - - R F  OUT 
I 
I 
I 

NOTES: m 

I .  T I  Z F T - 3 7 - 6 1  CORES EPOXYEO TOGETHER 3. ELECTROSTATIC SHIELD I S  BRASS 

2. T 2  SAME AS T I  4. COUPLING IS 30dB 

Schematic of the dual directional coupler. 

evenly spaced and epoxied to the core upon completion 
..- of the coupler. Remember that you make a turn each time 

I , the wire oasses throuah the center of the core. For more 
1 Dual directional coupler I informitibn on dual dGectional couplers see References 

Capacitors 
2 0.1# 

Inductors 
1 100 pH 

Reslatom 
8 200 ohm, 114 watt 

Semiconductors 
1 IN5711 

A dual directional coupler eliminates all the ailments of 
the resistive divider. The coupler is a device that samples 
the forward power, but is insensitive to reflected power. This 
is referred to as the directivity, which is the isolation between 
the forward and reflected ports. The variation of coupling 
is flat when used over the specified bandwidth (unlike the 
resistive divider). Because the insertion loss is very small, 
a coupler can be connected directly in series with a trans- 
mission line. A single directional coupler would be sensi- 
tive to VSWR because of inadequate isolation. 

30-dB dual directional coupler 
The dual directional coupler used with the PEP wattmeter 

is a modified version of one that appeared in Ham Radio.1 
Because the coupler can be used with a 2-kW linear ampli- 
fier, 111000 of the RF power is sampled - so I chose a 
30-dB coupler. To increase the power-handling capability, 
I epoxied two cores together. I used Amidon FT-37-61 toroi- 
dal cores with a permeability of 125. Core dimensions are 
0.125'' thick, 0.187" ID, and 0.375' OD. The primary of each 
transformer is a 1-inch piece of 0.141" OD semi-rigid coax 
cable passed through the center of the core. Only one side 
of the shield is soldered to ground. The secondary of each 
transformer has 31 turns of no. 30 AWG enameled wire 

2 and 3. 
The actual coupling is 29.9 dB & 0.1 dB from 1 to 30 

MHz; the 3 dB point is at 55 MHz. I measured the self- 
resonant frequency at 77 MHz. Directivity is 35 dB at 1 MHz 
and rolls off to 20 dB at 30 MHz. The insertion loss is 0.06 
dB. Figure 4 shows the directional coupler and detector. 

Theory of operation 
The coupler samples a signal from the transmission line 

and the diode detects the positive peaks. I chose a Schottky 
diode because it's more sensitive and stable than a ger- 
manium. The RF is filtered and the video portion is applied 
to the input of a peak detector. As the detected voltage slope 
rises, the op amp drives the series diode on, and the capac- 
itor is charged to the peak of the input voltage. When the 
detected voltage reverses its slope, the capacitor is left in 
a charged state. The discharge time is determined by the 
resistor in parallel with the capacitor. On the negative-going 
slope, the op amp switches the series diode off and the 
peak voltage across the capacitor is applied to the input 
of a buffer. The buffer also ~rovides i n ~ u t  bias current for 
the op amp. With no signai applied to the peak detector, 
the feedback loop opens. In this state, the resistor in the 
feedback loop allows the op amp to be clamped in the off 
state by the diode connected at the inverting terminal. This 
leads to a faster recovery and prevents op amp saturation. 

The buffer output is fed to a voltage divider network. In 
the low position, the diode is shorted and the divider net- 
work is switched above ground. Because the comparators 
have high input impedance, the series resistors in the 
divider won't attenuate the signal in the low power position. 
In the high power position, the diode is switched in and 
the resistors in the network are grounded. The signal is now 
divided down to the low power voltages. To increase 
accuracy below 800 watts on the high power scale, a diode 
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Schematic of PEP Wattmeter. 
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PEP wattmeter 
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The Corn is used to reproduce the same slope as the low power scale. 
The output of the divider network is applied to the invert- 
ing inputs of the comparators. 

The reference voltages are derived from a ladder network 
composed of 1-percent resistors. The tap point voltages take 
the voltage drop in the detector diode into account. Each 
tap is connected. to a noninverting input of a comparator. 
When the output voltage of the peak detector is greater than 
the reference voltage, the output of that comparator 
switches to an active low. The LED is now forward biased 
and turned on, indicating the PEP being transmitted. The 
wattmeter is shown in Figure 5. 

STV Guic 
programming information, product reviews, 
home troubleshooting, and information 
about satellite N. A sam~le issue can be 
obtained for only 

;at and 

f $2. 

STV G( ~ i d e  cor Both On: rlngs 
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 yea 

itain lisi 

Construction 
r. 

3 the be 

The directional coupler is constructed on a 2 x 2 x 0.062" 
double-sided piece of GI0 board. I cut square holes in the 
board for toroid clearance so the semi-rigid coax could lie 
flat on the board. Each center conductor of the semi-rigid 
was soldered to small standoff terminals. I enclosed the 
board in a 4 x 2-112 x 1-518" CU-2102-B Bud minibox with 
panel mount SO-239 connectors on each side. You should 
use RGl8U (or any type of 50-ohm coax cable that will han- 
dle the high power levels) between the coupler board and 
the SO-239 connectors. 

The detector is built into a small enclosure made from 
brass and placed within the minibox to shield it from the 
RF. The coupler and detector are placed in a separate 
enclosure so they can be connected remotely from the watt- 

To start receivin! v 
guides and information, call toll-tree 
(800) 234-0021. VISAm and Ma .d " 
accepted. 

tellite T 

I Guidetonsat 
D Shelby, NC 281 51-2384 
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RAOlO SHACK 
BRIDGE REC I: 

273- 1366 RADIO SHACK 
276-1151 

12OVAC 25 V +ISV OUTPUT 

NOTE: 

1 - GAL. VOLTA6E IS ONLY CONNECTED TO 
PEAK DET. FOR lLl6NMENT 

Schematic of power supply. 

Conclusion 

I Rmsr supply 

Capaclton 
2 0.116 
2 0.01 jlF 

1 loo0 pF. 35YOlt dectmlytlc 

Reslston 
1 10 ohm, 112 watt 
1 100-k potentlometer 

Semlconducton 
1 Brldge rectifier 

(Radlo Shack PIN 276-1151) 
1 15-volt regulator (7815) 

meter. The separate enclosure also achieves greater isola- 
tion. 

The wattmeter is housed in Radio Shack enclosure no. 
270-272. Its dimensions are 1-15M6 x 8-114 x 6-112". 1 built 
the peak detector and comparator circuits on a vector pc 
board. Because the signals of this circuit are low frequency, 
I used point-to-point wiring. The LEDs are mounted in a 
straight row across the front panel. The power supply was 
built on a pc board using small standoff terminals. The 
power supply schematic is shown in Figure 6. 

Alignment 
Calibrate the wattmeter with the DC power supply and 

a voltmeter. First remove the coupler and connect the out- 
put of the calibrator to the input of the peak detector. Con- 
nect a voltmeter to pin 7 of the MC3403 and switch the watt- 
meter to low power. Increase the calibration voltage until 
the voltmeter indicates 2.711 volts. Adjust the low power pot 
so the 100-watt LED just comes on. Now switch to high 
power and increase the calibration voltage until the volt- 
meter indicates 7.673 volts. Next adjust the slope offset pot 
until the 700-watt LED just comes on. Finally, increase the 
calibration voltage so the voltmeter indicates 9.27 volts and 
adjust the high power pot until the 1000-watt LED just 
comes on. You can also align the wattmeter by applying 
a CW signal to the coupler. Using the same power levels, 
adjust the power calibration pots in the same sequence you 
used for the DC alignment. 

I tried different time constants to produce a fast attack 
and slow decay. A 1-second time constant gave the best 
results. This let the LEDs stay on long enough for me to 
see, and still let them track the response of the human voice. 
I used the wattmeter with a 2-kW linear amplifier; the cou- 
pler cores showed no of evidence overheating. I checked 
the calibration using a Hewlett Packard model 436A watt- 
meter. The maximum error for the low and high power 
scales was 2 percent. 
REFERENCES 
1. Henry Perras. KlZDI. "Broadband Power-Tracklng VSWR Br~dge." Ham Radio. August 1979. 
2.  John Grebenkemoer, KKIBLO, "The Tamdem Match - An Accurate D~rect~onal Wattmeter," 
QST. January 1987 
3 Robert S McDonald. WB7CLV "Low Cost. W~deband Dual D~rect~onal Coupler," RF Destgn. 
MayIJune 1982 

TS-950s (continued from page 29.) 

second IF (455 kHz) filter indicators are on the right. You 
can select a number of different filter combinations by 
pressing the appropriate buttons just below the indicator 
lights. For example, I tried the 500-Hz first IF filter in con- 
junction with the 250-Hz second IF filter. This combination 
let me copy a weak DXpedition through a relatively unruly 
pileup without much trouble. I then switched to 2.7-kHz filters 
in both IFs to scan around the band for other stations. This is 
a nicefeature, and I'm glad to see it added to the TS-950s. 

Another feature I really liked is the subreceiver. I left it 
tuned to the pileup I had been monitoring while I listened 
up and down thc? band with the main receiver. In a contest 
you can run stations on VFO A and, at the same time, 
search for new multipliers on the subreceiver. When you 
find one, enter the frequency into VFO B and give the 
station a call. After working him, select VFO A again and 
continue to run stations. The subreceiver must operate 
within 500 kHz of the main receiver. While this means you 
can't monitor two bands simultaneously, this isn't a major 
limitation for most operators. The subreceiver uses a fixed 
2.7-kHz bandpass filter. 

Getting a preview of a new radio is fun. Getting to oper- 
ate it before it reaches the marketplace is a special treat. 
Kenwood estimates delivery of the TS-950s to dealers within 
a few months. The list price is currently unavailable. Stay 
in touch with your favorite Kenwood dealer for final pricing 
and availability. 
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By Joe Carr, K41PV 

VERTICALLY 
POLARIZED HF 
ANTENNAS: PART 3 
In the first part of this three-part series, 
I examined the basic theory of vertical 
antennas. In part 2, 1 developed the 
theme further by looking at the con- 
struction, mounting, and grounding of 
verticals. In this third and final part, I'll 
look at the 518-wavelength vertical 
(including shunt-feed alternatives to the 
series feed normally used on vertical 
antennas) and a safety issue. 

Five-eighth wavelength 
verticals 

Figure 1 shows the configuration for 
the 518-wavelength vertical antenna. 
Such an antenna generally gives a 
lower angle of radiation than the more 
common 114-wavelength radiator, so, 

presumedly, it's better for long distance 
work. 

The radiator of this antenna is made 
from 112 to 2-inch aluminum tubing. 
(Remember that adjacent sizes fit 
together snugly to form longer sec- 
tions.) The physical length of the 
518-wavelength radiator is found from: 

LVi) = 
585 

F (in MHz) (1) 

The radials are the usual quarter wave- 
length, made of no. 12 or no. 14 cop- 

per wire. This length is found from: 

= 
246 

F ( i n  MHz) 
(2) 

The feedpoint impedance of the 518- 
wavelength antenna isn't a good match 
for the ordinary coaxial cables rou- 
tinely available on the Amateur market. 
You'll need some form of impedance 
matching. 

One option is to use a broadbanded 
RF transformer like the Palomar 
Engineers, Inc. models shown in part 
1. These transformers will work 
throughout the HF spectrum, and 
match a wide variety of impedances 
to the 50-ohm standard system imped- 
ance. 

Another option, especially for a sin- 
gle band antenna, is to use a coaxial 
cable impedance transformer like the 
one shown in Figure 1. The trans- 
former consists of two sections of coax- 
ial cable joined together. These sec- 
tions appear as L1 and L2 in Figure 
1. The length is found from: 

LI = 122 feet (3 )  
F (in MHz) 

I 1 

1 
Baslc configuration for a 518-wavelength vertlcal antenna. 

and, 

~2 = 30 feet (4)  
F (in MHz) 

Grounded vertical antennas 
The vertical antennas I've presented 

in this series so far are called series- 
fed verticals because the generator is 
esentially in serles with the radiator 
element. Such antennas must be insu- 
lated from ground. The other class of 
vertical is the shunt-fed vertical, which 
is grounded at one end (see Figure 2). 
There are three methods of shunt feed- 
ing a grounded vertical antenna: delta, 
gamma, and omega. All three match- 
ing systems have exactly the same 
function. They form an impedance 
transformation between the antenna 
radiation resistance at the feedpoint 
and the coaxial cable characteristic 
impedance, and cancel any reactance 
in the system. 

The delta feed system is shown in 
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Figure 2. A taut feed wire is connected 
between a point on the antenna, which 
represents a spec~fic impedance, and 
an antenna tuner. Thrs feed method is 
common on AM broadcast antennas 
(usually, or perhaps always, verticals). 
Although you'd think that the sloping 
feed wire would distort the pattern, 
that's not the case. The distortion of the 
pattern, if any, is very minimal and 
negligible. 

Shunt-fed vertical using the Delta match. 

The gamma feed system is shown In 
Figure 3. Since Amateurs commonly 
use this method to feed Yagi beam 
antennas, it's a familiar one to most of 
us. The feed system consists of a vari- 
able capacitor to tune the system, and 
a matching rod that parallels the 
antenna radiator element. It's important 
that the rod not be anywhere near a 
quarter wavelength, or it will become 
a vertical antenna in its own right. In 
fact, it would resemble the so-called 
J-pole antenna. The omega feed 
shown in Figure 4 IS similar to the 
gamma match, except that you use a 
series-shunt capacitor network. 

Safety first! 
Rarely does a year go by that we 

don't hear of an Amateur killed by ill- 
advised antenna installations. There 
are always stories (fortunately, not 
always regard~ng fatalities) about how 
Inept antenna installations cause prop- 
erty damage or, worse yet, serious 
injury. There are several issues 
involved. A standard HF vertical is 
18 to 27 feet high. When installed on 
a mast, the total antenna height may 
be 50 to 60 feet. Having antennas this 
tall can lead to serious problems. 
Before erecting your antenna, be sure 
that it won't fall onto power lines if it gets: 
away from you. Also, be aware of win. 
dows and other objects the antenna 
may damage if it falls, and make plans 
to avoid that problem. 

There's a no-nonsense, common 
sense, two-person rule that you should 
follow when erecting antennas: Aways 
use two or more physically fit people 
when installing a vert~cal antenna. 
These antennas aren't terribly heavy 
on the ground, so you might get the 
false impression that handling one is 
going to be easy. But try holding onto 
the lower end of a 20-foot high alumi- 
num "wind sail" while standing on a 
ladder; even the slightest breeze can 
become terribly dangerous! You'll also 
find that normal antenna motions 
("wiggle") become serious when 
amplified by a 20-foot lever arm. I 
made that foolish mistake one Thanks- 
giving day, and I'm thankful that my 
father-in-law showed up in the nick of 
time to help steady a 37-foot high ver- 
tical, plus mast. 

Another safety issue is illustrated rn 
Figure 5. Although it doesn't pertain to 
vertical antennas exactly, it's nonethe- 
less an antenna safety issue. My friend 
from Novice days, Doug (now E12CN), 
has a slip-up tower from his beam. He 
told me about something called the 
"guillotine effect." I didn't think much 
about this problem until, on one of my 
business trips, I read about a profes- 
sional tower rigger for a two-way radio 
company who'd had an arm amputated 
after it was crushed while he was 
climbing a slip-up tower. Apparently he 
failed to use the safety stops provided 
on the tower, and it collapsed while he 
was on it. The center section came slic- 
ing down, crushing his arm so badly 
that the surgeons couldn't save ~ t .  

I 1 A SIID-UD tower lets YOU do vour 
mainte"an'ce closer to thk ground. So 
why would you be at risk of being 
crushed? There are two reasons. First, 
even if your tower is collapsed com- 
pletely, it's possible for the antenna to 
shift downward a couple of inches - 
especially if a physical failure is pres- 
ent. Second, it's easier to do some 
types of work on the tower while it's in 
an upright position. For example, 
repairing a coaxial line or damaged 
gamma match is easier with the tower 
in place. Sometimes, it simply seems 
like too much trouble to release the 
guys and crank down the tower. Some 
Amateurs also ignore the manufac- 
turer's directions and climb the tower. 
Those who insist on tackling this type 
of job by climbing the tower are better 

I 1 off double rigging it for safety. But you'll 
need more than the mechanisms 

Shunt-fed vertlcal using the Gamma match. Shunt-fed vertlcal using the Omega match. provided by the manufacturer. 
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A means of providing additional safety 
pncautlons when working with a slipup 
tower. 

Figure 5 shows a tower that's safety 
rigged to protect against failures. A 
pair of heavy wall steel plpes are 
inserted across the tower, impeding the 
center section. These pipes can be 
bolted or tied securely in place, and 
should be used in addihon to any 
fasteners or safety features provided by 
the tower manufacturer. Do not defeat 
the builder's safety features. 

Wear two leather safety belts, not 
one. Always make sure one of the belts 
is connected; don't depend on your 
own physical strength to stay on the 
tower. 

I 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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SERVICE MONITOR 
MEASUREMENTS MODEL FM 110 

Covers all bus~ness channels from 30MHz to 512MHz 
Monttor 2uV, frequency error dlsplay, scope dev~at~on display 
Generator Callbraled output up lo 1OmV. S~nad d~splay 
Bulll-~n Tone Generator 

AMAZINGLY LOW 
PRICE OF ONLY $2450.00 .- 

FOB - BATESBURG. SC 
I 

WE ACCEPT VISA. MASTERCARD 8 AMERICAN EXPRESS 

AIE CORPORATION - MEASUREMENTS DIVISION 6 
PO BOX 70, BATESBURG, SOUTH CAROLINA 29006 (803)532-9256 
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(conhnued from page 52.) 

lngs decrease frlct~on and load transfer to the matlc or remote (external) keylng, and for remote 
gear set The OR-2300 1s avallable through control of all front panel funct~ons ustng the 
dealers The suggested retall prlce IS $859 MlragelKLM RC-1 Remote Control Un~t The 

For detalls contact Or~on Buslness Interna- Mlrage B-3030-G 1s capable of FM SSB and 
t~onal. lnc . PO Box 9577, Canoga Park Callfor- CW operat~onal modes Contact MlragelKLM 
nla 91309 Phone (818)888-4927 Carolina Windom12 Communtcat~ons Equtpment, Inc, PO Box 1000, 

Circle 1000 on Reader Service Card. The CAROLINA WINDOM12f9 IS a half-stze Morgan HIII, Cal~forn~a 95037. Telephone 

Handheld Programmer 
Communications Spec~allsts, Inc. has 

announced the HHP-1, a new handheld 
programmer. This devtce 1s designed for cus- 
tom programming of tones into memory in the 
Communications Spec~allsts IC-110 custom 
microctrcu~t. 

The IC-110 m~crocircu~t allows complete flexi- 
bll~ty of tone choice and offers accuracy and sta- 
bility. 

The working frequency for these tone prod- 
ucts IS programmed vla a DIP swltch on the tone 
board. W~th a changeable memory you can 
choose any nonstandard tone frequency When 
you customize the arrangement of the tones. 
multiple tone sw~tching w~th one tone un~t can 
be done w~thout d~ode network ctrcuttry 

The HHP-1 operates on a 9-volt battery (sup- 
pl~ed), and measures only 4 x 7-112 x 1-314 
Inches A plug-~n socket IS prov~ded for cxter 
nal power The HHP-1 IS prlced at $19995 Com- 
munlcatlons Spec~allsts' standard one-year war- 
ranty appl~es 

For further lnformat~on, contact Communtca- 
t~ons Spec~allsts. lnc . 426 West Taft Avenue. 
Orange. Cal~forn~a 92665-4296 Telephone 
(800)854-0547 or (714)998-3021 (local) FAX 
(714)974-3420 

Clrcle U307 on Reader Sewlce Card. 

40-10 meter verslon of the CAROLINA 
WINDOM a It covers seven HF bands. lnclud- 
Ing all of the WARC bands Performance equals 
the full-stze CAROLINA WINDOM on all of the 
bands covered 

TheCAROLINA WINDOMI2 1s fed w~th 50-ohm 
coaxtal cable A transmatch IS requlred on all 
bands Each antenna comes assembled and 
complete w~th spectal dedicated matchlng untt. 

vertlcal rad~ator sectlon, h~gh power transmls- 
ston "Llne Isolatoro:' no 14 stranded antenna 
wlre, and glass-f~lled insulators The CAROLINA 
WINDOM package comes w~th CoaxSeal'Qnd 
illustrated manual It lists for $6995 

For more ~nformatton, or a copy of the RADIO 
WORKS 56 page "D~scovery" catalog, call or 
wr~te the RADIO WORKS. Box 6159. Portsmouth. 
Vtrgln~a 23703 Phone (804)484-0140 

Circle 1306 on Reader Sewlce Card. 

B-3030-G RF Amplifier 
The M~rage B-3030-G 1s the next generatton 

of Power Ampl~f~ers for 144 to 148 MHz. Features 
Include automatic shut-down clrcu~try for protec- 
t~on agalnst h~gh antenna VSWR, h~gh temper- 
ature. and excessive RF power Input A GaAs- 
FET recetve pre-amp prov~des htgh gain and low 
nose ampl~flcatton for weak s~gnal appllcattons 
The pre.amp tncludes an attenuator to reduce 
s~gnal output level Prov~s~on 1s made for auto- 

(408)779-7363. 
Circle U302 on Reader Service Card. 

YO Yagi Optimizer Software 
The new YO program for IBM PC and com- 

pat~ble computers will automatically adjust the 
element lengths and spaclngs of a Yagl-Uda 
des~gn to maxlmtze forward galn, opt~mlze pat- 
tern, and mlnlmlze SWR Rad~at~on patterns at 
the center and edges of a band, and a scale 
drawlng of the antenna, are plotted on CGA. 
EGA, or HGC graphlcs screens durlng optlml. 
zatton. Hard coples of the plots may be made 
on dot-matrcx prlnters YO will compute several 
tr~al des~gns per second for small Yagts, w~th a 
math coprocessor ch~p installed (not requtred) 
Yagts havlng up to 50 elements may be 
modeled The YO des~gn package Includes 
models for gamma and halrpln matchlng net- 
works, element tapering, mountlng plates, and 
frequency scallng A l~brary of Yag~ ftles and 
documentat~on 1s Included YO IS $90 postpatd 
($95 Cal~forn~a and fore~gn). and IS avallable from 
Br~an Beezley. K6STI. 507-112 Taylor Street Vlsta. 
Cal~forn~a 92084 

circle uooo on ~esber Sewice card. 

AEA Fast-Scan 
TV Transceiver 

AEA's new FSTV-430 fasbscan TV transcelver 
lets you add llve color transmtsslon to your Arna- 
teur Rad~o communlcattons 

The FSTV.430 transcelver connects to the 
vtdeo output of a v~deo camera so you can trans- 
m~ t  and recelve llve or taped v~deos A second 
v~deo camera can be used for studlul~ke "shoot- 
rng" from other angles 

(cont~nued on page 90) 
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HF Equipment 

IC.781 Super Deluxe HF Rig 
lC.765 New. Loaded with Features 
lC-735 Gen Cvg Xcvr 
IC.75lA Gen Cvg Xcvr 
16.725 New Ullra.Compact Xcvr 
IC.575A 10m16m Xcvr 
IC-726 HF150 MHz All Mode 
Rscelvers 
IC-R9000 100 kHz to 1999 8MHz 
IC.R700025.1300 + MHz RCVI 
IC-R71A 100 kHz-3OMHz RCvr 
VHF 
IC.228AIH New 25145~ Moblles 
IC.275AIN 501100~ All Mode Base 
IC-26AIH 25145~. FM Mobiles 
IC.2GAT. New 7w HT 
IC.2SAT Mlcro Sized HT 
IC.901 Remote Mount Slx Band Mob 
UHF 
IC.475A;H 25175~ All Modes 
lCd8A FM Mobile 25w 
IC-4SAT Micro Sued HT 
IC.4GAT. New 6w HT 
IC.04AT FM HT 
IC-32AT Dual Band Handheld 
IC.3210 Dual Band Mobile 
IC-2500A FM. 44011.2 GHr Mobile 
IC-2400 1441440 FM 
220 MHZ 
IC-3SAT Micro Sized HT 
IC-315~ All.Mode. 25w. Base Sta 
IC.36A 25w FM Xcvr 
1.2 CHI 
IC-12GAT Super HT 

List Jun's 

55995.00 Call S 
3,149 00 Call S 
1099 00 Calls 
I69900 Call S 
94900 Call S 

139900 Call S 
129900 Call s I 
545900 Call S 
119900 Calls 
999.00 Call S I 

509.1539. Call S 
1299 11399. Call S 

469.1499 Call S 
429 95 Call S 
439 00 Call S 

ile TEA Calls I 
1399.11599. Call S 

509 00 Call S 
449.00 Call S 
44995 Call S 
44900 Call S 
629 95 Call S 
73900 Call 5 
999 00 Call S 
89900 Call S 

44999 Call S 
1399 00 Call S 
48900 Call S 

HF Equipment Liet Jun's 

TS-WOSIAT Gen. Cvg Xcvr $2499.95 can S 
TSd40SIAT Gen. Cvg Xcvr 1449.95 Call S 
TS.14OS Compact. Gen. Cvg Xcvr 949 95 Call S 
TS.680S HF Plus6m Xcvr 114995 Calls 
TL-922A HF Amp 1749 95 Call S 

R u a l v e n  
R.5000 100 kHz.30 MHz 
R-2000 150 kHz.30 MHz 
RZ 1 Compact Scanning Recv 

VHF 
TS-711A All Mode Base 25w 
TR-75lA All Mode Moblle 25w 
TM.231A Moblle 50w FM 
TH.215A. 2m HT Has It All 
TH.25AT 5w Pocket HT NEW 
TM.731A 2m170cm. FM. Mobile 
TMB2l 2m1220. FM. Mobile 
TM.701A 25w. 2m1440 Mobile 
TH-75A 2m170cm HT 

UHF 
TS.811A All Mode Base25w 
TR-85lA 25w SSBlFM 
TM-431A Compact FM 35w Moblle 
TH.45AT5w Pocket HT NEW 
TH.55AT 1.2GHz HT 
TM.531A Compact 1.2 GHz Moblle 

210 MHZ 
TM.3530A FM 220 MHz25w 
TM-32lA Compacl25w Mobile 
TH.315A Full Featured 2 . 5 ~  HT 

1049 95 
799 95 
599.95 

1059.95 
669.95 
459 95 
399 95 
369 95 
749 95 
729 95 
599 95 

TEA 

1.265.95 
771.95 
469.95 
389.95 
524.95 
569 95 

519.95 
469 95 
419.95 

Call S 
Call S 
Call S 

Call S 
Call S 
Call S 
Call S 
Call S 
Call S 
Call S 
Call S 
Call S 

Call S 
Call S 
Call S 
Call S 
Call S 
Carl S 

Call S 
Call S 
Call S 

FT-767GX 
HF Equlprnent 

FT-747 GX New Economical 
Pedonner 
FT.757 GX II Gen. Cvg Xcvr 
FT.767 4 Band New 
FL.7000 15m.IgOm Solid Stale Amp 
Reealvm 
FRG.8800 150 kHz .30 MHz 
FRG-96M)M)-905 MHz 
VHF 
FT-411 New 2m "Loaded" HT 
FT-212RH New 2m, 45w Mobile 
FT.290R All Mode Ponabie 
FT.23 RlTT Mini HT 
FT.33RlTT 220 MHz HT 
FT.73RITT 70cm HT 

List Jun's 

$889.00 Call S 
128000 Call$ 
229900 Call S 
227900 Call S 

784.00 Call S 
808 00 Call S 

406 00 Call S 
499.00 Call S 
610.00 Call S 
351.00 Call S 
373.00 Call$ 
35500 Call S 

UHF 
FT.712RH. 70cm. 35w Mobile 536.00 Call S 
FT.811 70cm built-in DTMF HT 410.00 Call S 
FT-790 Rlll 70cm125w Moblle 681 00 Calls 
VHFIUHF Full Duplex 
FT.736R, New All Mode. 2m170cm 2025.00 Call S 
FEX.736.506m. low Module 294 00 Call S 
FEX.736.220 220 MHz. 25w Module 322 00 Call S 
FEX-736-1.2 1.2GHz. 10w Module 589.00 Call S 
FT.690R MKII. 6m. All Mode, port 752 00 Call $ 
Dual Bander 
FT.4700RH. 2m1440 Mobile 996.00 Call S 
FT.470 Compact 2m170cm Moblle 57600 Call S 
FT.690 Rlll6m110w Moblle 497 00 Call S 
Repeaters 
FTR 2410 2m Repealers 115400 Calls 
FTR 5410 70cm Repeaters 115400 Call$ 
Rotators 
G 400RC ltghllmed duty 11 Sq f I  24200 Calls 
G-BOOSDX med lhvy duly 20 sq I1 300 00 Call S 
G BOOS samelG.800SDX wlo presels 322 00 Call S 

pm A L W ~ , ~  AsTRON K i  Kantronics MFJ hxmepb MIRACE/KLM TE SYSTEMS) 

INSTANT CREDIT WITH lCOM PREFERRED 
CUSTOMER CARD I 1 

IC-28H IC-228H 
2 Meter, FM, 45W 2 Meter, FM, 45W 

Mobile Transceiver Mobile Transceiver 

LIST $499.00 SALE $399.95 LIST $539.00 SALE $409.95 I 
INDUSTRIAL UALlTY 

REPLACEMENT 1 AllERIES 
FOR COMMUNICATIONS 

Nickel-Cadmium,Alkaline,lithium.etc. 

Repair Packs For 
ICOM'. KENWOOD, Y A E S U .  
SANTEC. AZDEN. TEMPO. 

CORDLESS PHONES ... AND MORE1 

NEW! I.C.E. PACK =4gg5 

E.H. YOST & CO. 
EVERETT H YOST KB9XI 

7344 TETIVA RD 
SAUK CITY. WI 53583 

ASK FOR OUR CATALOG 

[608] 643-3 194 

AMATEUR COMMUNICATIONS, 

Use f e r r l t e  beads t o  k e e p  RF o u t  of your 
TV, d e r e o ,  t e l e p h o n e ,  e t c  Kit ~ncludesone 
dozen beads, one dozen t o r o ~ d s  l/z" t o  

11/4 " d i a m e t e r ,  t h r e e  ' 'sp l i t  beads" and our 
helpful RFI t i p  s h e e t .  E v e r y t h i n g  needed 
t o  f i x  m o s t  RFI problems. $15 + $3 ship- 
ping U.S. and Canada. 7% in CA. 

I F r e e c a t a l o g  and RFI t i p  s h e e t  on r e q u e s t .  I 



Tom McMullen, WlSL 

TEST EQUIPMENT- 
EASY AND USEFUL 
In these modern days of high-tech 
gadgets and equipment, we sometimes 
tend to forget that the test equipment 
we use to build, check, and maintain 
our Amateur stations can be quite sim- 
ple. While digital readouts and touch- 
pad programmed meters are certainly 
attractive and a joy to own, there's a lot 
to be said for some of the basic instru- 
ments you can build. They can be 
extremely useful around the shack. 
Because they are so simple, very little 
can go wrong. 

Here's a gadget that I've used for 
years to check and monitor everything 
from old vacuum-tube equipment 
(would you believe a 6L6 oscillator driv- 
ing a pair of 807s?) for 80-meter CW 
use, to a UHF Yagi. 

The meter 
I've always referred to this device as 

"the meter," as in, "let's get the meter 
and check it out." "It" was whatever 
project I was working on at the 
moment. The meter is basically a 
microammeter mounted in a metal box 
along with a diode RF detector (see 
Figure 1). Almost any sensitive meter 
will do; a metal enclosure is recom- 
mended. The size of the box Isn't 
important, as long as the meter and 
other parts will fit inside. You'll find 
plenty of suitable meters and 
enclosures at most radio flea markets, 
or you can go to your local Radio 
Shack and browse through their racks 
of bagged goodies. 

Figure 1 shows a basic "no frills" 
detector and meter. A more versatile 
version is shown in Figure 2. A switch 
and some resistors have been added 
to let you change the sensitivity for 
different signal strengths. 

Construction isn't critical, with the 
exception of the diode leads and the 
leads of the 0.001 pF capacitors. Keep 
these as short as practical. Don't cut 
the diode leads too short or you'll over- 
heat the diode when you solder it. 

The first meter I built had an SO-239 

coaxial fitting for J1. I later put in a BtqC 
type, which made it easier to change 
whatever was plugged into it. Llse 
whichever type fitting you prefer. You 
can use insulated stand offs or tie 
points to connect the capacitor, diode, 
and meter leads together. The capa- 
citors can be plain disc-ceramic units 
with a voltage rating of 50 or higher. 

The switch can be any rotary or 
push-button type, as long as it fits in 
the box you're using. If you don't have 
a switch with four positions, just con- 
nect resistors to whatever you have. 
The one shown in Figure 2 just hap- 

pened to be in my junkbox, so that's 
what went into the meter. 

The resistors aren't critical either. The 
idea is to put more resistance in the cir- 
cuit with each switch position. When 
whatever you're measuring provides a 
full-scale reading, switch to the next 
position and continue. Any value close 
to those shown will work. 

The meter itself is critical in current 
capacity only, but there's a lot of room 
to experiment. I use a 0 to 100 p4 
meter obtained from a "bargain box" 
sale at Radio Shack. Anything from 
0-50 to 0-500 p4 should work okay; the 
physical size is your choice. I once 
used a 12-inch wide meter (from an old 
battery-charging panel) in an antenna- 
checking version of the meter. It had 
a 50-mA movement (originally used 
with shunt resistors and calibrated to 
500 A) and a huge pointer that could 
be seen from several hundred feet 
away. Before I retlred ~ t ,  I usea this 
meter to tune up several UHF antennas. 

I 1 
IN344 Accessories 

o . o r y - j  

So far, I've discussed a basic RF 
detector (the diode and Cl), and a 
meter that will display the current 

J1 * produced by the diode. Now, I'll look 
at some ~nput devices. 

The unit that's most often connected 
to my meter is a telescoping antenna 
which is approximately 14 inches long 
when extended (see Figure 3A). You'll 

The meter is basically a microammeter with find them for sale at low prices at flea 
a diode detector, mounted in a metal box Or hamfests. can also pur- 
along with a coaxial connector. chase them inexpensively from Radio 

Shack or by mail order. Some come 

U 
TI  - - 

CRl 
IN34 

R1 
100 

(b A SJ 
R2 

0.001 7- 1000 

RFC 
1 mH 

Adding a selector switch and resistors to the basic meter makes the device more versatile 
in handling different signal strengths. 
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Issue - full of projects for all levels of 
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projects. 
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leaps and bounds. Reader satisfaction is 
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just a 2-turn loop of no. 16 enameled 
wlre, approximately an inch in . : 
d~ameter, connected to the end of a , 1 

IA ) I S )  IC ) correct overtone, that a doubler circuit 

r 1 Z - 2 4 0 ~  
1-2 TURNS was really tripling, that the output of a 

mixer was F1+F2 instead of F1 -F2, 
and so on. 

Wavemeter calibration 
Calibrating a wavemeter like this one 

may be puzzling to some. It's not hard 
to do. Visit a friend who has a multi- 

PI P 1 band transmitter and put the coil near 
P I  the antenna (keep the transmitter on 

low power, of course). Vary the capac- 
itor for a maximum reading. By mark- 

RF pickup devices for the meter. Shown at A is a simple telescoping whip mounted on ing the position of the knob for the fre- 
a coaxial fitting. A dipole and length of coax, 8, serves as a remote pick-up antenna. The quencies you find, you can make a 
two-turn loop and short piece of coax, C, Is used to "sniff" out RF on power leads, house of any that fall between 
wiring, and TV antenna leads. Amateur bands. Most dip meters will 
with a BNC fitting on the base already, wavemeter is tuned to the frequency produce enough RF to cause a small 
but it's not hard to connect one if of the RF in an oscillator, for example, meter indication when tuned in, and 
there's no fitting. I prefer a whip that the meter will show a reading. Admit- you can use this method to make a 
has a swivel joint at the base - it can tedly, it's not as accurate as a ire- useful calibrated scale. 
be tilted for best signal pickup. quency counter, but I've found it very Another method involves connect~ng 

If you don't have a telescoping the tuned circuit in parallel with your 
antenna, you can use a 12 to 14-inch receiver antenna input. Just put a "T" 

couple of feet of RG-58AlU coaxial 
cable, as shown in Figure 3C. This 
sniffer is very useful for finding RF 
that's sneaking along the outside of 
coaxial feedlines, house wiring, or 
whatever. 

Figure 4 shows a device I've used to 
tune up many oscillator/mixer/multiplier 
circuits. The loop in Figure 3C will pick 
up RF from a tuned circuit, but won't 
tell you the frequency. The tuned cir- 
cuit in Figure 4 will. It's a "wavemeter" 
device that you can place near acircuit 
that contains RF energy. As the 

Table 1. Suggested coil data for the wavemeter attachment. The frequencies listed are 
approximate. You can tailor them to your needs by adding or removing turns. 

fitting in the coax near your receiver 
input jack, connect the tuned circuit to 
one leg of the T, and listen to a signal 
as you tune the capacitor. When the 
circuit is resonant at the signal's fre- 
quency, the signal will decrease 
markedly, and may even disappear. A 
general-coverage receiver will provide 
many calibration points; a ham-bands 

length of stiff copper wire as a general 
RF pickup device. Any RF in the area 
will provide a meter reading if the field 
is strong enough. 

A dipole antenna with a short (6 to 
10 foot) length of coaxial cable 
between it and the BNC connector is 
another useful input device (Figure 
38). The dipole isn't critical, a 12 to 24 

Frequency, MHz Turns Tap Wire S~ze 
3.5 to 8 35 11 No. 30 enameled 
7 to 15 22 8 No. 20 enameled 
14 to 30 10 3 No. 20 enameled 
30 to 100 4 1 No. 20 enameled 
75 to 200 ha~rp~n, 112" w~de, 2" long, tap 1" from ground 

No 14 ena~neled or bare wire. 

inch length tip to tip is fine. I used a only rig will give you several frequen- 
couple of pieces of brass brazing rod A tuned circuit can act as a wwemeter when cies at important parts of the range. 
stuck into a piece of plastic rod that connected to the meter via a short length I hope you'll find the meter as use- 
served as a center insulator. My favor- of coax. See Table 1 for some suggested fuI as I have, Many times, it's the first 

values of L1, or look in the theory section thing I grab to look at the basics of ite use for this is as a very rough check of most Amateur Radio handbooks for ideas 
antenna radiation pattern Or on other combinations and frequency what's happening in a circuit or 

strength. Just tape it to a wooden pole ,nges. ~1 can be any small variable capa- antenna. At one time, when my m i -  
or broom handle and stand it up citorwitha rangeof loto 50 dence was in the midst of acres of 
several feet away from the antenna or 10 to 75 pF. The coil form can be mounted trees instead of a housing develop- 
you're working on. on a long screw or a stand-off insulator for ment, I had the little dipole mounted 

The next device is an RF "sniffer." It's support. on a 20-foot wood pole at the end of 

A PPROX. 
10-SOPF 

ITABLE) 'S"L~ 3 9.. 
J/ COAX 

11-2 f t .  M A X )  

. 

All coils except the hairp~n can be wound on a 1" diameter plastic form for support. Wind- 
ings are close to each other except for the 30 to 100-MHz range, which is spaced to be 
approximately 1" long. 
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500 feet of surplus coaxial cable. 
Because it was located exactly north 
of my 2-meter beam antenna, I always 
had a way to check antenna-rotator 
position and relative beam-antenna 
performance. 
Precautions 

As much as I miss the "good ole 
days" and their simplicity of life, there 
are other things that I'm glad to have 
learned. For example, I no longer work 
on antennas with 5, 10, or 20 watts of 
power being fed to them. When I do 
"tweak" an antenna with power being 
fed to it, the power is limited to a few 
milliwatts. Even then, I stay away from 
the front of any directive beam like a 
dish reflector or large Yagi. (1 don't 
know how much RF is harmful, but 
why push my luck!) 

Another "gotcha" is the pick-up 
antenna - especially the dipole. Don't 
leave it connected to the meter when 
you're not using it to measure or check 
something. It's nice to have a constant 
monitor of how your antenna is radiat- 
ing or how your transmitter is putting 
out, but that diode in the box is a great 
harmonic generator. Where are the 
harmonics going to go? Right back up 
the coax and out of the antenna to your 
neighbor's W set, of course. To avoid 
problems, disconnect the whip or 
dipole from the meter unless you're 
actually checking something. The 
sniffer loop and the tuned circuit will 
pick up RF fields at several inches from 
most transmitter tuned circuits, and 
most transistorized circuits don't have 
more than 10 or 12 volts of DC that you 
can contact. However, for vacuum-tube 
final amplifier stag'es and some high- 
powered solid-state circuits, caution is 
the important word. Not only is the DC 
in a plate circuit bad for your health, 
but the RF will cause severe burns if 
you get careless. However, with a sen- 
sitive device like the meter, you'll be 
able to pick up enough RF for an indi- 
cation long before you get close to the 
danger point. You can even locate 
some RF leaking out of metal 
enclosures on most high-powered 
amplifiers. It's surprising what you can 
find out about shielding and bypass- 
ing with the sniffer loop. 

In my next column, I'II look at an RF 
output measuring device that you can 
connect to your transmitter or use as 
a test instrument. Some of you may 
have seen one before, but I'II refresh 
your memory and show everyone else 
how easy it is to build. Q 

BI-Monthly 

Read All About Your 
Favorite Modes Of 

Digital Communications! 
* Subscribe Today! * 
Digital Digest 
4063 N. Goldenrod Road 
Winter Park, FL 32792 

Per Year 
U.S. $22 00 Elsewhere $160° 

Payable 8.. U 5 F rlnrls Ot7lv O l rck  or M 0 Pnelerred 
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FREE 
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R-7000 Widespan Panodoptor 

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, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 17-386-4032 

NO RADIALS! 
NO RESISTORS! - . - . . - . 
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(continued from page 84 ) 

If you own a v~deo camera, you can set up 
an ATV stat~on by addlng a FSTV.430 transcelver 
and a 430-MHz antenna l~ke AEA's 430-16 You 
only need a Technician or h~gher Amateur Rad~o 
license 

The FSTV-430 ava~lable from AEA authorized - dealers The suggested retall prlce 1s $49995 
For more lnformat~on contact AEA, PO Box 

C-2160. Lynnwood. Washlngton 98036. tele- 
phone (206)775-7373 

Clrcle 1309 on Reader Servlce Card. 

IC-901 Fiber Optic 
Multi-Band Transceiver 

ICOM has ~rltroduced ttw IC-901 F~ber Optic 
Remote Mount Mull1 Band Transceiver 

ICOM's IC.901 comes standard as a dual 
band FM transcelver (2 meter and 440 MH7) 
Users can add band un~ts to complete thew sys 
tem The following band un~ts from the IC-900 
can be installed on the new IC-901 
UX-19A 10 meter 10 watt 
UX.39A 220 MHz 25 watt 
UX-59A 6 meter 10 watt 
UX-129A 1 2  GHz 10 watt 
Other opt~onal band unlts will Include the 
UXS92 144 MHz SSB Module that will allow for 
USB. LSB, and CW operat~on 

The band unlts and Interface box can be 
tnstalled In a car trunk and the control head 
can be mounted on the dash vla f~ber optlc 
cable The control head can be installed 
dlrectly to the Interlace box for a compact 
transcelver, or 11 can be connected to the 
Interface box vla the control cable 
Other features Include a mult~color LCD that 
dlsplays squelch and volume settlngs and 
an HM14 touch tone microphone 
The IC-901 also has DTMF AN1 The oper 
ator can set a code and glve 11 out selec- 
tlvely When the transcelver recelves a 
s~gnal preceded by this code, squelch w~ll 
automat~cally open for the transmlss~on - 
no other nose will be heard 

For more lnformat~on please contact ICOM 
at (206)454-8155 or wr~te ICOM Amerlca. lnc . 
PO Box C-90029. 2380 116th Avenue NE. 
Bellevue Washlngton. 98009-9029 

Clrcle 1301 on Reader Sewlce Card. 

Programmable Miniature 
Two-tone Sequential 
Encoder 

Corliri~ir~~~cat~ons Spec~allsts. Inc. offers a new 
PE-2P DIP swltch programmable Two-tone 
Sequentla1 Encoder The PE-2P IS des~gned to 
be mounted lnstde a rad~o or other houslng, and 
lets you send a single two-tone sequential paglng 
call The PE-2P has standard 1 second-3 sec 
ond t~mlng It's compat~ble w~th Comrnun~cat~ons 
Speclallsts SD 1000 Two-tone Decoder and other 
systems I~ke the Motorola Ouck-Call II. 1 +1, and 
GE Type 99 The tlmlng may be changed to 
match other two-tone formats 

Both tone A and tone B are DIP sw~tch pro. 
grammed from a 32 tone memory base that 1s 
specifled when orderlng Thls allows over 1000 
poss~ble comb~nat~ons from a slngle PE-2P W~th 
some add~l~onal clrcultry, the PE-2P may be 
wlred to send mult~ple calls 

The PE-2P measures 1 25" x 2" x 04" to 
allow lnstallat~on Into most moblle radtos and 1s 
powered by +10 to 16 volts DC The selected 
call IS acttvated by a momentary ground A 
150-mA ootput 1s prov~ded to key PTT 

The PE-7P IS prlcedat$54 95 Commun~catlons 
Speclal~sts' standard one year warranty appl~es 

For more ~nformat~on. contact: Communlca- 
t~ons Spec~alists. Inc. 426 West Taft Avenue. 
Orange. Callforn~a 92665.4296 Telephone 
(800)854.0547 or (714)998-3021 (local) FAX 
(714)974.3420 

Circle 1312 on Reader Service Card. 

Warranty Expansion to 
Cover Lightning Damage 

Advanced Corr~puter Conlrols. Irlc, has 
expanded 11s twoyear warranty for the RC-96 
Repeater Controller to cover l~ghtnlng damage 

ACC manufactures m~crocomputer-based 
control systems for Amateur, commerc~al and 
government rad~o users For add~t~onal Informa. 
t~on, contact Advanced Computer Controls. Inc . 
2356 Walsh Avenue. Santa Clara. Cal~fornla 
95051 Phone (408)727-3330 

Clmle 1311 on Reader Servlce Card. 

New Expanded Line of 
Radio Direction 
Finding Systems 

Do[)pler Systcrn5 off(?rs an expanded llne of 
rad~o d~rect~on flrldlng systems coverlng frequen- 
cies up to 1 GHz The new 5000 serles prov~des 
Improved accuracy as well as a w~der frequency 
range uslng a remote RF summlng clrcu~t Typl- 
cal accuracy IS t 5  degrees A w~de range of 
antennas 1s offered to cover frequenc~es 
between 108 and 1000 MHz 

There are four processor/d~splay models 
DDF5001 dlsplap the beartng w~th 16 h~gh  
lntens~ty LEDs arranged In a circle The 
DDF5002 has a three-d~g~t dlsplay for 1 degree 
resolutton Models DDF5003 and 5004 prov~de 
an RS232 ser~al Interface and synthes~zed 
speecf~ The RF summer DDF5050 IS avallable 
in a var~ety of cable lengths for mast mount~ng 
The moblle verslon IS DDF5060 

Mast.mounted antennas Include frame. 
mounted d~poles DDF5051 and 5052 for cover- 
age of the 108 to 136-MHz and 136 to 180+lHz 
bands Monopole antennas with groundplanes 
are used for 350 to 500 MHz (DDF5055) anc 
700 to 1000 MHz (DDF5057). Magnetic. 
mounted mobile antennas are also avallable. 
DDF5061 covers 108 to 136 MHz, anc 
DDF5062 spans the 136 to 500-MHz range Fre 
quencles between 700 and 1000 MHz are 
covered w~th the DDF5067 

For further ~nformal~on. contact Doppler S p -  
temslnc . PO Box31819. Phoen~x. Arlzona85046. 
Telephone (602)488.9755 FAX (602)488-1295. 

Clrcle #310 on Reader Service Card. 
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HAM MART 

-- 

Ham Radio's guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
A-TECH 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) 761-7305 
1 (800) 321-7305 (Orders only) 
Rocky Mts AmateurlShortwave Specialists, 
Ten-Tec, Yaesu, JRC-NRD, Sony , MFJ, 
KLM, and other flne gear New and used. 
VisaIMC. Antennas, books, dlscount prlces 
too! 

COLORADO COMM CENTER 
525 East 70th Ave. 
Su~te One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocklng all major l~nes 
Kenwood Yaesu, Encomm, ICOM 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 06114 
(203) 527-1881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Plke 
Wilrnington, 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 1-95, 
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 Rad~o Store. 
Hours Mon.-Fri. 9-530, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave. 
Orlando, FL 32803 
(305) 894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours Mon.-Fri. 9-530, Sat. 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Ga~n, Cush. 
craft, AEA, KLM, Tri-Ex Towers, Fluke, 
Belden. Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO. Box 234 
Preston, ID 83263 
(208) 852-0830 
Mon. 9-2, Tues.-Fri. 9-6; Sat. 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on Hancl 

ILLINOIS 
ERICKSON COMMUNICATIONS. INC 
5456 N M~lwaukee Avenue 
Chlcago. IL 60630 
(312) 631 5181 
Hours Mon - Frl 9-5 30. Sat 9-3 

INDIANA 
THE HAM STATION 
220 N. Fulton Avenue 
Evansville, IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM, Yeasu, TenTec, Cushcraft. Hy-Gain. 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Drlve 
Laurel, MD 20707 
(301) 725.1212 
(800) 447.7489 
Kenwood, ICOM, Ten-Tec, Kantronics. FIJII 
servlce dealer. 
Mon.-Fri. 10-8, Sat. 9-5 

MASSACHUSETTS 
TEL-COM, INC. 
675 Great Road, Rte. 119 
Llttleton, MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Business Park Lane 
Kansas City, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Veaas, NV 89106 
(702) 647-31 14 
Dale Porrav "Saueak," AD7K 
Outside N ~ V :  1 (800) 634-6227 
Hours M-F 9-530, 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 SunlHol~days 

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 -Frl. 10AM-7:30PM 
Thurs 10AM-9:OOPM 
Sat. 10AM-4:OOPM 
VisalMC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mlrage, ICOM, Larsen. 
Lunar, Astron. Wholesale - retail. 
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HAM MART 

ANTENNA S O W A R E  
New S el eases 

MN 2.00 analyzes free-space antpnnas 2 3 tlmes faster 
than belore. w~lhtw~ce as many analys~ssegmenls ava~l- 
able New ploning features enhance pattern shape and 
dela~l Rener plot pnntouls Analyze almost any antenna 
made 01 wre or tublrg. on tree space or over real~sl~cally- 
modeled eaflh Compute forward gam. FIB. beamw~dlh, 
s~delobes. current. ~mpedance. SWR, take-on angle. and 
panems Compute the ~nleract~onamong several nearby 
antennas MN ~ncludcs lhbrar~es of antenna and plot files. 
a l~le editor, and exlenslve documenlal~on f 75 

YO 2.00 fealures a powerlul new ga~n-FIB-SWR tradeofl 
mechanism. optimlzallon across a lrequency band, con- 
trol of all s~delobes, and full EGA color Better des~gns. 
nlcer plots YO optlmlzes Yag~ des~gns by aulomal~cally 
adlust~ng element lengths 8 spacings for maxlmum lor- 
ward galn, maxlmum F.B. and mlnlmum SWR YO IS ex- 
lremely lasl, and can compute several lr~al designs per 
second YO Includes models lor gamma. T, halrpnn. and 
beta matches. element lapenng. mounltng plates, and 
frequency scaltng A Yagi I~brary. f~le ed~tor, and exten- 
slve documentat~on are lncluded $90 

Upgrade lrom prenous verslons for $50 8 $60 Add 6% 
for Californ~a 8 lorejpn orders For IBM.PC. 

Send check or nfernarronal money order lo 
Bnan Beezley. KBSTI. 507.112 Taylor. Vista. CA 92084 

Tbe best computer FAX system jast got better! 
A corn kte faclslrnlle rece  Uon sys tem 
for  the?^^ 1-c or conlp=tkle. R-rfiv- 

POWER DIVIDERS STACKING FRAMES u p  t o  1 6  Lnlenulty levels. 
Includes: 

M A D I S O N  ELECTRONICS SUPPLY 
3621  F a n n ~ n  
Hous ton .  TX 77004 
(713) 520 -7300  
C h r ~ s t m a s m  N o w n  

MISS ION COMMUNICATIONS 
11903 Alelf C lod lne 
Sulte 5 0 0  (Corner H a r w ~ n  & K ~ r k w o o d )  
Hous ton ,  Texas 77082  
(713) 879-7764 
N o w  ~n Southwest Houston-ful l  l lne of 
equtpment .  All t he  essentials a n d  extras for 
t he  " h a m "  

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4 8 2 8  W F o n d  d u  L a c  Avenue 
M~ lwaukee .  WI  53216 
(414) 442.4200 
WISC Wats 1 (800)  242-5195 
Outs lde WISC 1 (800) 558-041 1 
M o n  -Fr l  9-5.30. Sat 9 - 3  

Dealers: 
YOU SHOULD BE HERE TOO! 
Contact Ham Radio now for 
complete details. 

NEW YORK 
BARRY ELECTRONICS 
512 B roadway  
N e w  York. N Y  10012 
(212) 925 -7000  
N e w  York City's Largest Ful l  Serv lce  H a m  
a n d  C o r n m e r c ~ a l  R a d ~ o  Store 

V H F  COMMUNICATIONS 
2 8 0  Tiffany Avenue 
Jamestown.  N Y  14701 
(716) 664 -6345  
O p e n  8 : 0 0  A M  t ~ l l  5 . 3 0  P M  
Evenings. Saturday a n d  Sunday  b y  appoint. 
rnent.  Western N e w  York's f ~nes t  Amateur  
dealer. Featur ing I C O M  "The Wor ld  System." 

OHIO 
AMATEUR ELECTRONIC SUPPLY 
2 8 9 4 0  Euc l ld  Avenue 
Wtckcl~ffe.  O H  44092  (Cleveland Area) 
(216) 585-7388 
O h l o  Wats 1 (800)  362 .0290  
O u t s ~ d e  Oh to  1 (800)  321-3594 
Hoi r rs  M o r i  .FII 9 - 5  3 0  Stit 9 3 

D E B C O  ELECTRONICS,  I N C  
3931  Edwards  R o a d  
Clnctnnat l ,  O H l O  4 5 2 0 9  
(513) 531-4499 
M o n  -Sat. 10AM.9PM. Sun .12Noon -6PM 
We b u y  a n d  sell all types of e l ec t ron~c  par ts  

.- ... . . . .. -. .. .- .- . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . .. . ..-. . . . . . . . . . 
We rum" thmc hare to I~M Fans fa IM M m s  bu.ldr 

DunoduLtor B O P .  h(lPP.l 
3 , h  Dpirln ,n6ulalor5S12 1 0 0  Ztn,n,*r,.scl*tr Sln'lm 7btoE C-tt. 
Ann $5  UPS S'H tw earn antrnnn Ftxqorncy Lkl I n t ~ p r r t r ( b ~ ~  CdLdc 

S 7  we51 P* M,5s,?<,nn, FatIIlXYJ: I 

UNIVERSAL  AMATEUR RADIO. I N C  
1280 A ~ d a  Dr lve  
Reynoldsburg (Columbus),  O H  

4 3 0 6 8  
(614) 866-4267 
Featuring Kenwood.  Yaesu. I com.  
and Other gear 
lzed sales a n d  se rv~ce .  Shortwave 
spec la l~s ts .  Nea r  1-270 a n d  airport 

PENNSYLVANIA 
HAMTRONICS.  
DIV. o f  Trevose E lec t ron~cs  
4033 BrOwnsvllle 
Trevose. PA 19047 
(215) 357-1400 
S a m e  Loca l lon for over 3 0  Years 

TEXAS 

K C O M M  d b a  THE H A M  STORE 
5707A M o b u d  
S a n  An ton~o .  TX 7 8 2 3 8  
(512) 680-6110 
(800) 344-3144 
Stock lng all major  l lnes S a n  Antonlo's H a m  
Store Great  Pr lces - Great Serv lce  Factory 
authorized sales a n d  servlce 
Hou rs  Mon.-Fr l  10-6. Sat 9 -3  

I I'rlnt on FCson, or J3P hser  Jet 
DLsL .Save, Zmmln Image p m c e d q  
Crurttmdut ~mngc~mpture m d  much a- I 
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ICOM, KENWOOD 6 YAESU OWNERS: Informative separate 
Newsletters. lOlh year. USA bulk ($10.50) F.C. ($12.511) 
Canada ($13 00) Elsewhere ($14.00 8 $18.00). Free catalo83. 
Send 45-cent SASE, lnternatlonal Radio Computers. Inc., 751 
South Macedo Blvd, Port St Lucie. FL 34983. Tel(407) 873- 
6868. 

YAGl BUILDERS. 6061-T6 tube traps. Good for 1500 PEP. 
SASE lor details. No collect calls. Brown Engineering, Inc, 
5501 SW 25th Court. HollywOod. FL 33023. (305) 989-4658. 

AMIGAICOMMODORE CHIPS: F. Agnus-$61 50. Denise- 
$56.95. Paula-$56.95. 8520Al-$1795, 6526-$12.95. 
6567-817.95. PLA-$12.95 and many others. Heavy duty 
Dower suoolv for C64 $22.50. New. verslon II of the Commo- FREQUENCY METERICOUNTER. ~HZ-100MHz. Data pre- 

cision. Mlnt. $135 ppd. Malt Garey. 24771 Kay Avenue. Hay- 
ward. CA 94545 bore ~ l a ~ r i o i t i a n  just out. Fantastic way to diagnose and fix 

all Commodore computers and 1541 drives. $6.95 postpa~d. 
Ask for COLLINS KWMlHF380 Repairs and discount accessories 

Kirby. K7WOC (713) 320-2324 our complete catalog on drams, diagnostics, and olher exclu- 
slve products. Dealer prlclng available, we s h ~ p  worldwtde. 
MCNISA. GRAPEVINE GROUP INC, 35 Charlotte Drive, Wes- 
ley Hills. NY 10977. 1-800-292-7445. CCTV VIDEO CAMERAS: Color Sanyo VCC3700 $395.00. 

Panasonic B&W $219.00, others Digital Vlslon PC B&W Video 
Diglllzer $249.00. Color $399.00. Sampson Englneer~ng. PO 
Box 550363. Dallas. TX 75355-0363. (214) 328-2730. INTERESTED IN PUBLIC SERVICE? Joln your local Rad~o 

Emergency Assoc~aled Commun~catlons Team In Pennsyl- 
vanla call 71 7-938-6943 or wrlte REACT. I160 Ola Tratl Rd. 

WANT TO KNOW the latest FCC news, operating tips, tech 
lalk, free ads? Get America's # I  club publ~cation monthly, 
lowest dues flgure In U.S for 61 servlces and benefits. Join 
the Tr~ple States Radio Amateur Club. Send $3.50 for S.IX 
months to: TSRAC, Box 240. RD 1, Dept HR. Adena. OH 
43901 

- 

FLOOD YOUR MAILBOX1 You aet 100's of rad~o & electrorllc 

Etters. PA 17319. 

WANTED: All types of Electron Tubes Call toll free 1-800- 
421-9397 or 1-612-429-9397. C 8 N Electronics. Harold Bram- 
stedt, 6104 Egg Lake Road. Hugo, MN 55038. 

;LEA MARKET HANDICAPPED NOVICE needs HF equipment donated- 
anything please. KA3OUE. (412) 531-7443 anytime 8 comp,ler specially calalogs -send $10 w~th  your name 8 

address to Electronic Llst Servlce. PO Box 1683. Broo~l l re 
-- 

IMRA lnlernat~onal M~ss~on Rad~o Assoclatlon helos mlsslon- MA 02146. 

R-390A Parts List SASE. CPRC-26 lnfanlry Manpack Radlo, 
compact, 6 meter FM, rece~ver-transmitter sections, case. 
antenna. crystal. handset, $22.50 apiece complele. 
$39.50/palr Patrol Seismic lntrus~on Device ("PSID") TRC- 
3: $42.50 aplece. $147.501set of four. M~litary-spec TS-352 vol- 
tohmlmultimeter, leads, information, $12.50. Add $4.501piece 
shlpping. $9 maxlmum. Baytronlcs. Box 591. Sandusky. OH 
44870. 

arles Equ pment loaned Weertaay net. 14 280 M'HZ 1.3 PM 
Eastern h ne n-nared Amalebrs In 40 co~nlrles Rev Tnomas 
Saole S J Unlverslty of Scranton. Scranton PA 18510 RATES N o n c o m m e r c ~ a l  ads 10C per w o r d ;  

commercial ads 60C per word both payable 
in advance. No cash d i s c o u n t s  o r  agency com- 
missions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  or- 
g a n i z a t i o n s  receive one f r e e  Flea M a r k e t  ad 
( s u b j e c t  t o  our editing) on a space available 
basis only. Repeat i n s e r t i o n s  o f  h a m f e s t  ads 
pay t h e  n o n - c o m m e r c i a l  r a t e .  

WANT: 300T and 500T tubes KFGWM, 45300 Royal, Klng 
City, CA 93930. 

INTERESTED IN QRP? $1 brings 8-page lnformat~on brochure 
plus sample of The QRP Quarterly. Joe Sullivan. WAIWLU. 
267 Sutton St. North Andover. MA 01845. 

HAM LICENSES SUPEREASY. Cut studytame 50%. All clas. 
silicat~ons. Free catalog. SASE Bahr, 1196-HI Cltrus, Palm- 
bay, FL 32905 

-- -- 
HT-CLONE BATTERIES: ICOM BP-3s double BP3 "Wall 
Chargeable" $43.95. BPS $42 95, Yaesu FNBZ $21 95. Sari- 
tec 142/442/1200 (3 pin) $22 95 "Rebuilding: Send-Ur-Pack" 
ICOM BP3 $20, BPS $28, BP718 $34, BP70 $30. Yaesu 
FNB414A $37. Kenwwd PB21 $18. PB25lHl26 $25, T-T 2991 
$28 "U-DO-IT REPAIR INSERTS" ICOM BP2 $18.95, BP3 
$16 95, BP5 $22 95. BP7lBP8 $28.95. Kenwwd PB21 $12 '95. 
PB24/25/26 $19 95. Azden 300 $19.95. Yaesu FNB414A 
$32 95. Tempo S1.2.4.5.15/450 $22.95, 12Vl5Ahr PORl-A. 
PAC wlchgr $49.95. "ANTENNASZmlr 518-TelIBNC $14.'35 
"TELEPHONE! Pager & commercial packs" "FREE CATA- 
LOG". $3 shippln /order PA plus 6%. VlSAlMC plus $2 (814) 
623-7000. CUNAWD ASSOCIATES.Dept H, RD 6, Box 104, 
Bedford. PA 15522 

ANALOG AND RF CONSULTING for Ine San Franc sco Bay 
area Cornmerc~a and m I tary clrc,ots and systems Janies 
L o n g .  
Ph 0. .  N6YB (408) 733-8329. 

COPY No spec~al layout or arrangements 
available. Material should be t y p e w r i t t e n  or 
clearly printed (not all c a p i t a l s )  and must in- 
clude f u l l  name and address. We reserve t h e  

right t o  reject u n s u i t a b l e  copy. Ham Radio can- 
n o t  check each advertiser and t h u s  c a n n o t  be 
held responsible f o r  claims made. L i a b i l i t y  for 
c o r r e c t n e s s  o f  m a t e r i a l  limited to corrected ad 
in n e x t  available issue. 

DEADLINE 1 5 t h  o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville. N. H. 03048. 

SALE: Ham Statluon Swan 350, power supply, mlke. ven ant. 
10-75m. ant. tuner $350.00 Schelter. 3126 SE 26 Slreet. 
Okeechobee. FL 34974. (613) 467-251 1. 

RTTY JOURNAL-Now in our 36th year. Read about RTTY, 
AMTOR. PACKET. MSO'S. RTTY CONTESTING. RTTY DX 
and much more. Year's subscription lo RTTY JOURNAL 
$10.00. fore~gn slightly higher Order from. RTTY JOURNAL. 
9085 La Caslta Ave.. Fountaln Valley. CA 92708. 

RUBBER STAMPS: 3 lines $5.00 PPD Send check or MO 
lo G.L. Pierce, 5521 Birkdale Way. San Diego, CA 92117. 
SASE brlngs information. 

LET THE GOVERNMENT FINANCE your small business 
Grantslloans to $500.000 yearly Free recorded message: 707. 
448-027O.(KH5) 

ELECTRON TUBES: Receiving, transmitllng, microwave ... all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS, PO Box 5029, Compton. CA 90224. 
(21 3) 774-1 255. DIGITAL AUTOMATIC DISPLAYS. An Radlo. Be specific. 

Large 45 cent SASE. GRAND SYSTEM& POB 2171, Blaine. 
WA 98230. 

. . 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nackel. San Pablo. CA 94806. 

DIGITAL INDUCTANCEICAPACITANCE meter as featured 
in July 1988 Rad~o Electronics Magazine Inductance from 
n n t  t ~ h ~  to 

BEGINNER'S RADIO CLEARINGHOUSE. On a soace avail- 
able b a s k  we are go~ng lo  offer you OUR SUBSCRIBER. 
free ot charge a chance to flno a home tor your used equlp- 
men1 w~th a new Ham Please send us a short descrlptlon of Activities - "Places to go . . ." . 

10 mhy, capacitance from 0.10pfio 0.10 ufd. Automatic range 
automalic zero, accuracy +I-3%. Assembled $149.95. k11 
$1 29.95 (d~gilal frequenc counter needed during calibration). 
Add $5.00 shipping. S A ~ E  for detailed specification. Almost 
All Digital Electronics. 521 1-1 17th Avenue SE. Bellevue. 'WA 

what vou want to sell along with prlce, name, address and 
phone number We'll rdn tionce n a spec~al sectlon of the 
classofled ads under the headlng of BEGINNER'S RADIO 
CLEARINGHOUSE Please llmlt vour ad to 20 woros or less 

-- 
CUSTOM MADE EMBROIDERED PATCHES. Any size. 
shape, colors. Five patch minimum. Free sample, prices and 
ordering information. HElN SPECIALTIES. lnc . 7960 SW 
Manitou Trail. Glen Arbor. MI 49636. (616) 334-4385. 

-- 
LASER COMPONENTS1 Surplus tubes, power supplies. 
optics. Build a working LASER for under $75.00. Free pl.lns 
with order $1 00 (refundable) brings Ilst. FundServ, 1546D 
Peaceful Lane. Clearwater, FL 34616 

-- 
AVANTEK ATF10135, $12.00. MMIC's. P.C. board, SASE 
WA31AC. 7148 Montague St. Philadelphla, PA 19135. 

-- 

IBM-PC SOFTWARE FOR PK-232. New CompRtty II IS the 
complete RTTYICW program lor IBM-PC's and compat bles NEW YORK: Oclooer 1 Ham Fa~r sponsored by the Yonlcers 

ARC. Yonkers M,n c~pal Park.ng Garage. Corner Nepperhan 
and Maln St 9 AM to 3 PM Buvers $4 adm~ss~on tlnder 12 Now wath larger buffers, better support for packel units, ic 

lures, much more. Virtualtv any speed ASCII. BAUDOT. ~ w I  
WANTED: URR 390/Alpha all band rec. Must be In good con- 
dillon Call W6BPV (4081 438-4467 collect 

free Aucl~on 2 PM Talk In 146 0 6 5 1 ~  440 l5OlR 146 52 For 
lnformat~on YARC PO Box 378 Centuck Stat~on Yonkers 
N Y  10710 Phnne I q l A l  qfi l  In97 

Text entry vla built-in screen edliorl Adjustable split screen 
display. lnstand modelspeed change. Hardcopy, d~skcopy, 
break-in buffer, select calling, text file transfer, customizable 
full screen loggin , 24 programmable 1000 character mes- 
sages. Ideal for MRRS and traffic handling. Requlres 256k PC 
or AT compatible, serlal port. RS-232C TU. $65. Send call lel- 
ters (including MARS) with order. Oavld A. Rae, KCZHO. 144 
N. Putt Corners Rd. New Paltz. NY 12561. 

100 QSL CARDS $8. $3 thereafter Gr~d  square pr.nled f'ee 
Shopped poslpalo Guarantee0 correct' Free samples Shell 
Pr~nllng. KD9KW. Box 508 Ra'6ton. IL 61072 

WEST ~ 1 d G i ~ i : ' o c t o b i r 7 ~ T h e  ~ r i - s G t e ' h 3 ~  ( T ~ I %  'G- 
fest & Computer Fair, West Hall. Huntin ton Civic (!enter. 
Huntington. 9 AM to 430  PM. Adm1ss1on$5ldoor. Under 12 
free Talk In 146.18179 W8VA. For further ~nformalion wrlte 
TARA. c/o Charley Shumaker, PO Box 4120, Huntlngton, WV 
25729. 

"HAMLOG" COMPUTER PROGRAM. Full features. 17 nlod. 
ules Auto-logs. 7-band WASIDXCC Apple $19 95 13M. 
CPIM. KAYPRO. Tandy. C128 $24 95 HR-KAIAWH. F'OB FOR SALE: ICOM-781 transceiver, new, with warrantee 

W2KQI. (9141 452-1 130. PENNSYLVANIA: October 7. 13th annual Mid-Atlantlc VHF 
Conference, Warrlngton Motor Lodge. Rt 611, Warrington and 
the l8thh annual Hamatama. Sunday, October 8. Bucks 
County Drlve-In Theater, Rt 61 1. Warrlngton. Sponsored by 
the Mt. Airy VHF ARC. Advance registratlon for conference 
and hamfest $5, $6/door Send to Hamarama 89, PO Box 31 1, 
Southampton, PA 18966. Adm~ssion to flea market $5; $7 per 
carload. Gates open 6 AM. Rain or shine. Contact Pat Caw- 
thorne. WB3DNI. (215) 672-5289. 

2015. Peabody, MA 01960 . . -- 
WANTED: CW. SSB, AM crystal fllters for Heathkit SB300 
series. Drake R4C, also SB series or R4C for parts. N5LB. 
13 Traminer Drlve, Kenner, LA 70065. (504) 466-8318. 

- 
ENGINEERINGIRADIO TECHNICIAN WANTED. Resoonsi- 

REPEATER JAMMERS? Plnpoint them with our "Handi- 
Finder" - attaches to HT Kits: $24 95, or less! Club project 
dlscountsl NOARD, 29460-H Loraln, Cleveland, OH 44070 
(216) 777-9460 

10 YEAR CLEANOUT SALE. Shack overloaded. Musl vacate 
2000 culfl area ol test equipment, microwave radios ant1 ues 
palts, variacs. temp. conlrols, very interestin$ colleciion ?;end 
stamp for complete list. Joseph Cohen, WAIHDD, 200 W,>od- 
side. Wlnthrop. MA 02152 (617) 846-6312. 

ble for deslgn and construction of 220 MHz equipment for 
medical research. Please send resume lo: Vicki Chestnut. NIM 
Inc. 3001 Market Street. #330, Phlladelphia. PA 19104. INDIANA: Oclober 8. Hunl~ngton Hamfest sponsored by the 

Huntington County ARS, P.A.L. Club. 2099 Rlvers~de Dr~ve. 
Huntlngton. 8 AM to 3 PM Vendor setup 6 AM. Tlckets 
$3.5Oladvance; $4ldoor. 8' table $5. For tickets or tables Jim 
Covey, KC9GX. 1752 Kocher Street, Huntington. IN 46750. 

COMPUTER SOFTWARE: (IBM Shareware) Free Catalog 
MCNlsa accepted. $ave on $ohware. Box 2837. W I ~ e s  Barre. 
PA 18703 FREE Ham Gospel Tracts. SASE. Steve Forst, N3FTT. 6133 

Gramercy. Cllhon Helghts. PA 19018 
SHORTWAVE ENGINEER. Immediate openings at WSHB. 
WCSN, and KYOl - internationsl shortwave radio stations 
of The Chr~stian Science Monitor One site in South Carolina. 
one in Maine. one in Northern Mariana Islands of western 

WANTED: Ham equipment and other property. The Rad~o 
Club of Junior Hlgh School 22 NYC, Inc. is a nonprofit organl- 
zation, granted 501(C) (3) slatus by the IRS, incorporated with 
the goal of uslng 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- 
trlbution. Meet us in person at the Lima. Ohio Hamfest. 
October 15 and learn all about the most exciting and benefl- 
cia1 application of Ham Radio today Please write us at. PO 
BOX 1052, New York, NY 10002. Round the clock hotline: 1516) 
674-4072 Thank you! 

- 

NEW JERSEY: October 8. The Bergen Amateur Radlo Assocl- 
atlon (B.A.R.A.) will sponsor its annual Fall Hamfest, raln or 
shine, Bergen Community College, 400 Paramus Ad, Para- 
mus. 8 AM to 3 PM. Buyers free admiss~on. Sellers $5 per 
space. For add~lional information contact Jim Joyce, K2ZO. 
286 R~dgewood Blvd, No. Westwood. NJ 07675. (201) 664- 
6725. 

Paclllc Engtneer 1s prlmarlly respons~ble for operatong, ma~n- 
talnlng and re alrlng h~gh  power radlo broadcast equlpmenl 
~ u r r e n i  FCC &.E or NARTE cen~flcatlon and 5 vnars trans 
miter maiienenieexper.erGe requared t ign  pAGi;exper 
lence preferred Salary and benef~t package hlghly compel, 
tlve Please spec~ly sltes of deresl  EOE Seno resbme to 
Hcman Resources Adm~n~sstrator The Chrlst~an Sc~ence 
Mon~tor Syndicate lnc . 1680 Sold~ers F~eld Roao. Boston. 

OHIO: October 8. The Northwest Ohio ARC will hold their 
annual Hamfest, Allen County Fairgrounds, Rt 309. E Lima 
Admission $3.5O/advance and $4ldwr All areas hand! acces- 
sible 

-- MA 021 35. Fax: (617) 787-6853 



October 7-8. Columbus. Ohlo. The Columbus Amateur Radlo 
Assoc~alion will conducl the 6th annual Columbus Day Spe- 
clal Event In conluncllon wilh the Columbus USA Fesllval 
whtch salutes the C ~ t y  of Columbus and the explorer, 
Christopher Columbus Sugg Freqs. 7 240. 14 340. 21 375. 
26 500 Lfslen for WETO. 

NEW YORK: Oclober 14 The Rad~o Amateurs of Grealer 
Syracuse will hold lhelr 34th Harnfest. New York Stale Fair- 
grounds. Rf 690 9 AM to 5 PM Admlsslon $4 prlor lo October 
1. $5lqate 16 and under free For lnformatlon call Ed Sw~at- 
lowsk~ WAIURK (315) 487 3417 or VIV Douglas WA2PUU 
(315) 469 0590 

-- - 
TENNESSEE: Oclober 14-15 Mem-Fesl'89 sponsored by the 
Mid South ARA. Mld-South Falrgrounds, Memphls Sat 9-5 
Sun 9-2 Admlsslon t5lperson. $7llamlly Flea Market Inlo 
Claylon Elam K4FW. 20 So Cooper. Memph~s. TN 38104 
Exh~b~lors N ~ l a  Woflord. N4DON. 2966 Cordell Memphls. TN 
381 18 

MICHIGAN: Oclober 8 HamFalr '89 s nsored by the Cen- 
tral Mlchlgan ARC and Lansln CD gpea le r  Assoc~at~on. 
Lans~ng CIVIC Arena 2 blocks 8W of capllol bulldln 8 AM 
lo  3 PM Admlsslon $j 50 Talk In on 146 94 Contact iowena 
Elrod. KABOBS 111 Lancelol Place. Lanslng. MI 48906 (517) 
482 9650 

-- 
October 8-14: The Carroll Counly ARC w ~ l l  operale K3PZN 
lo celebrale Flre Prevenllon Week In honor of the all-volunleer 
lare servlce In lhal counlv F r w  25-30 kHz from bottom of 

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 

FLORIDA: October 14-15 Palm Beach Counly Hamfesl spon- 
sored by the Palm Beach Repealer Assoc~aloon. West Palm 
Beach Fa~rqrounds 9 10 5 Sal 9 lo 3 Sunday Tlc~els General phone bands 80115 and Nov celTech porlton of 10 

phone For cerl~f~cate send OSL card. conlacl number and 
SASE to Ine Carroll Counly ARC PO Box 2099 Weslmonster. 
MD 21157 

$4ladvance~$5/door. For Inlormallon wrlle Hamfest. PO Box 
461. Lake Worlh. FL 33460 

OHIO: Oclober 15. The Nonhwesl Ohio ARC will hold lhelr 
annual Hamlest Allen Count Fa~rgrounds. Rl 309. E Llma 
Adm sslon S3 50 advance. &,door Tal* In on 146 07/67 
147 61103 444 925 449 925 All dreas are hand1 accesslb8e 

October 14: The Elkhorn Valley ARC will operate special 
event slallon KEOJI from I5002 lo  03002 lo  celebrale "Ama- 
leur Radlo Sell Nebraska Day" by proclamat~on of Governor 
of Nebraska. Kay A Orr. 10-80 and 6m. For a beaut~ful cer- 
I~llcate send OSL and 9x12 SASE lo Roy Barkhull. KEOJI. 
1701 Skyllne Drlve. Norfolk. NE 68701. 

- - -- 

October 14-15: The South Texas Amateur Repealer Society 
(STARS) IS sponsoring the commemorative slallon. N5CAF. 
lo celebrale the Confederale Atr Force's annual Air Show In 
Harllr~yen. Texas Llsten lor opetallon from a 6-29, 6-17, 8-  
25. P-51, P.40. elc 15002 lo  0000.7 on SSB 14260. 21360 
and 28460. For a spec~al photo OSL. send OSL and SASE 
to Dr Davtd Woolweaver. K5RAV. 2210 S. 77 Sunshlne Slr~p. 
Harlingen. TX 78550 

New lcom lC 781 i :  ,,16., :. 1nl6.d 
Kenwood TH?15A TH25AT Trnclt, i l  i o ~ r r  ,,Ic1 HT 
TS440 SiAT Call I MARYLAND: Oclober 15 The CARA Hamfest sponsored by 

the Columbla ARA. Howard Counly (MD) Falrgrounds Doors 
open RAM Admtsslon $4 Spouse and klds free Free parklng 

- - 

NEW JERSEY: Oclober 15 Shore Area Ham Rad~o 8 Com- 
puter Fest sponsored b Garden Stale ARA. Jersey Shore 
ARC. Neptune ARC 8 dcean-~onmoufh ARC. Allalre Expo 
Cenler. Allalre Alrporl (formerly Monmoulh Counly Alrpod) 
8 AM lo 3 PM Adrnlsslon Mladvance. $5ldoor Chlldren under 
12 and XYL free Talk In on 145 110-600 Contact Al Jack- 
son. NKZO. PO Box 635. Eatontown NJ 07724 (201) 922- 
8121 

October 15: The Kaw Valley ARC will operate WOCET from 
Kansas. The Land of 0.7. 1400.7 to 23002, lo  celebrale the 
50th anntversary of the Mov~e, "The Wtzard of OZ". Freq: 
General porllon of ZCI and 75m and NovlcelTech porlion ol 
10m For a spec~al OSL send your OSL and SASE lo KAOBNL. 
Sherry Langslron. 1919 Adarns U62. Topeka. KS 66607. 

QUEENS, NEW VORK: Oclober 15 (ram dale Oclober 22). 
the Hall of Sclence ARC Hamfesl. New York Hall o l  Sclence 
Parklng Lol. Flush~ng Meadow Park. 47-01-11 I Street. 
Oueens Doors open 9 AM Buyers $3 Sellers B51space For 
lnformallon call evenlngs Steve Greenbaum. WB2KDG (718) 
898.5599 or P h ~ l  Kuberl. NPHYE (212) 777-8648 For VE Inlo 
contart Anne fan ell^. W12G (718) 847-0155 

- - 

Call lor tlade 

449 00 

Octabar 18: The Prov~dence Radlo Assoc~alion. WlOP. will -. .-. 
celebrale 16 701h annlversan, w~ lh  on-the-anr acllvllles through 
December On Oct 18 from 0000-04002. WlOP w~ l l  operale 
on I 4  040 CW For a cert!focale SASE lo PRA. W IOP. I Lud 

NORTH CAROLINA: Oclober 21 The Triangle Easl Amateur 
Rad.0 Assocoat~on's F~rst Hamfesl. Sm~lhl~eld Moose Lodge. 
1-95 and Hwy 70-A ~nlerchange Adm~ss~on 54 For ~nlorma. 
tlnn SASE lo PO Box 255. Smtlhl~eld. NC 27577 or call W2AC 
(9191 553-4309 daysor KK4YP 19191 965-9577evenlngs 5 30- 
9 30 

low St. Johnston, RI 02919 

October 21: The Laurel Maryland ARC wlll operale K310G 
from the US Depaltmenl of A rlcullure s Bellsv~lle Agr~cullural 
Research Center. ~WM~OOQ to celebrale the many ach~eve- 
ments of the Cenler In farm l~ fe  and aqrlcultural productlvlly 
Freq Phone 7 240 14 240 21 340 28 340 147 540 CW 
14 055 For Spec~al hot0 cerl~f~cale send OSL and No 10 
SASE lo Laurel AR8 Box 3039 Laurel MD 20708 

- - 
October 27-Nov 3. Spec~al event stallon ON4CLM (CanadIan 
Llberat~on Movement) wlll once agaln be on the alr lrom the 
Cullural Cenler Scharpoord In Knokke. Belglum to com- 
memorate the 1944 llberatlon ol the !own of Knokke by Cana- 
d~an  lroops after a Ion and exhausl~ng battle For more lnfor- 
mallon wrlle Rad~o ~ N ~ c L M  PO Box 110 8300 Knokke 
Belglurn 

- - 

TS 790A Superlor 2 trlr,ti,r : I i  I ., . ?  .; 
1 2 GHz Opl~on Avd<ldl,lt. Call 
lcom 765 2695 00 
Kenwood MC 60A + Hetl HC 5 carlr~dqe lnsl 150 00 
lcom IC 725 799 00 
NYE MESA Tuner 569 00 
Alpha Della Tmns~lray, HV 33 00 
CSI Prtvalr Palch V 489 00 
Ameco PT 3 Pre Amp 99 00 
Larsen 2 rneler on glass 49 95 
Anteco2M 518 Mag Mount Comv 25 00 
Van Gordon Wlrldom WA2 44 00 
B~rd  43 elenlenlsisloch Call 
Thousands ol pand melers 3 95 up CALL 
Belderi 991 3 8767, 8214 Slock Call 
MICA Capac~lors Call 
Amp~re VHF UHF GaAsFET vreamps Call 
83 1 SP PL259 Sllverplale (Amphenol) 1 50 
82 61 N Male (Amphenol) 3 50 
82 202 1006 N Male(9913) 3 50 
Dntrh l~ F ~ m n l ~  I It-lf 1 00 
UG176 RGRX each 40 
Surolus Elhow PL759 SO239 each $ 1 
Recewnq luhes 50 WOa of1 l~s l  v l ~ c r  Call 
SlUPH 
RF Amp Meters $ 15 lo $30 each 
25 pF11OKV Doorknob Cap 5 00 
Throal M~ke (new rntl surplus) 5 00 
ANBH 1 600 11 Headphones (new mtl strrplusl 5 00 
New Demo Un~ls lor Sale 
Kenwood R 5000 849 00 

USED EQUIPMENT 
All rqui(nrnrn1 114ed cleilrl 1~1111 90 day wdIIRIIIy and 30 
day lrlal SIX n~onl t~s toll trade dqalrlsl new eqti~prnml Sale 
prcce relundPd 81 not sallsl,ed 

(800) 231 3057 

POLICIES 
Mln~rr>ur~> order $10 W Mastercard VISA or C O D All prices 

FORHouslon rxceplasnolrd Pr~c~s~ib~~l lochangew~ltroul  
nollce l l rmss i~b~eCl Iopro r~1~  Callanyli~~loChechlhe~lalus 
ol your order Trras restdents add sale< lax All 8lPrns lull lac 
lory warranly plirs Madlson warranly 
Blrd and Beldan products In stock. Call today. 

TENNESSEE: Oclober 21 The nlnth annual T~I-CIII~S Ham- 
test, sponsored by Ihe Klngsporl. Brlslol and Johnson Clly 
Rado Clubs Appalach~an Falrgrounds, off 1-181. Gray Admls- 
slon $5 Large ~ndoorloutdoor flea market RV hookups Mall 
lnqulrles lo  PO Box 3682 CRS. Johnson C~ly.  TN 37602 

- - 

PENNSYLVANIA: Oclober 22 Tradefesl 89 sponsored by the 
Penn W~reless Assoc~at~on. Yezz~ Fleld RI 513. Bensalem 
7 AM lo 2 PM Ra.n or sh~ne Adrnlss~on $3 each or B7lcarload 
K~ds  I 2  and under free For lnlorrnal6on conlacl Sleve (715) 
752.1202 For advance Izkels send SASE wlth checrs lo PWA 
Tradelest 89. PO Box L-734. ,anohorne. PA 19047 

MICHIGAN: Oclober 227 th  annual Kalamazoo Harnfest soon- YOUTH LINK NET. Open lo  all Hams under age 18 Salur- 
days at 2000 UTC. 28 425 MHz For more ~nformatlon con- 
tact Nel Control, Georqe Mann~nq. WB5NMH. 602 Glendale 

sored hv the Southwest Mlchroan Arnaleur Rad~o Team and 
~alama;oo ARC Kalamazoo Eentra~ H ~ g h  School 2431 N 
Dranr Rd Sellers 6 AM Doors open 8 AM Adrn~sslon $3ldoor 
$?!advance Talk In on 147 641 04 SMART repealer Sf .  Burkburnetl. TX 76354 

TENNESSEE: October 2829 The 1 l l h  annual Hamfest Chat- 
tanooga Arnaleur Rad~o and Computer Convenllon. Soulh Hall 
of Ihe Chattanooga Hamlllon Counly Convenllon and Trade 
Cenler For lnlorrnallon wrlte Hamtesl Chatlanooga PO Box 
3377 Chaltanooga TN 37404 

- 

MINNESOTA: Oclober 28 Hamfesl Minnesota 8 Compuler 
Expo sponsored by the Twln C ~ l ~ e s  FM Club. Hennepln Tech- 
nlcal College. 9000 Brooklyn Blvd Brooklyn Park 7 30 AM 
lo 3 PM Tlckels $4/advanca. $5ldoor Talk In on 146 161 76 
For lnformatlon SASE to Hamlesl Mlnnesola 8 Compuler 
Expo PO Aox 5598. Hopk~ns MN 55343 (612) 474-1529 

FREE 1989-90 Florlda two meler repeater dlreclor~es are cur- 
rently belng dlslrlbuled by the Hernando County Amaleur 
Radlo Assn of Brooksvllle. FL Ask for one at any OfllClal 
Florlda Welcome Cenler or SASE to Repealer Dlreclory. Her- 
nand0 Counly ARA. POB 1721 Brooksvllle FL 34605 1721 

- - 
LICENSE EXAMS: Mlddlesex Amaleur Rad~o Society (MARS) 
has scheduled the lollowln exams Oclober 10 and Decem- 
ber 12 Unlted Methodlsl ~ f u r c h .  381 Maln Slreet Portland. 
CT 6 45 lo 9 PM November 18-Portland Publlc Llbrary. 20 
Freestone Avenue. Portland. CT 1 lo 5 PM To pre-reglsler 
call Ed Kerns. KNSY (203) 342 3400 Waiklns allowed The 
M~ddlesex ARS meels every Tuesday evenlng a1 7 PM at Ihe 
Un~led Melhodlst Church All are welcome 

- 

OHIO: Oclober 29. The 15th annual Heart of Oh10 Hamfesl 
sponsored by the Marion ARC. Marion Counly Fa~rgrounds 
Coliseum. 8 AM lo 3 PM. Tlckets $Yadvance. $4/door Check 
tn on 146.52 slmplex or 147 90130 repealer For ~nlormallon. 
llckets or tables contact Ed Margrafl. KDBOC. 1989 Welss 
Avenue. Marlon. OH 43302. (614) 382-2608 

LAUREL ARC monlhly (excepl December) Amateur exam ses- 
sions for all llcense classes No fee 1s c h a r m  Pre-reg~slral~on 
n rmulred Call 1301) 775 1212 Marvland RadloCenler. 8576 
 aukd dale ~ r l v e .  Laurel. MD 2070? 

. - 

NORTH COAST ARC 1989 LICENSE EXAMS. I 2  30 PM. 
Saturda s Oclober 14. December 9 N Olmsled Community 
Cabln. l o t  Loraln on W Park Novlce thru Extra Walklns 
allowed Talk In 145 29 repeater For ~nlormatlon Dan Sarama. 
KBBA 15591 Rademaker Blvd Brookpark. Ohlo 44142 267- 
5083 or Paullne Wells KABFOE. Rtck Wells. KBSCI. 777- 
94601779-8999 

- 

GEORGIA. November 4-5 Ham Rad~o and Computer Expo 
89 sponsored by the Alford Memor~al Radlo Club. Gwlnnell 

Counly Fairground Lawrencevllle W4BOC repealer 146 76 
444 250 For lnlormatlon Alford Memor~al Radlo Club. PO Box 
1282 Stone Mountain. GA 30086 

- 
CONNECTICUT: November I 2  SCARA Indoor Ham Rad~o 
and Computer Flea Markel. Norlh Haven Park and Recrea- 
llon Cenler. 7 Llnsley Slreet. Norlh Haven Sellers admltled 
at 7 AM Buyers 9 AM lo  3 PM Tables $12/advance $1 5ldoor 
General admlsslon $3 per peerson Talk In on 146 01/61 
Reserval~ons for tables must be recelved wllh check by 
November 2, Is89 and no reservallons by phone For Infor 
matlon or resenaltons SASE lo SCARA Flea Markel. PO Box 
81 Nodh Haven. CT 06473 or call between 7 PM and 10 PM 
Brad at (203) 265-6478 

-- - 
AMATEUR RADIO CLASSES. For those people lnlerested In 
obtalnlng a Novlce (baslc level) Ham llcense or upgrading lo  
TechlGeneral the Chelsea Clvll Defense. In cooperallon wllh 
ORA Radlo Club, w~ l l  sponsor Amaleur Radlo Communlca- 
llons classes evenlngs at Chelsea H ~ g h  School slarllng 
MARCH 7 1989 For more ~nformat~on wrlle Frank Masucc~. 
KlBPN. 136 Grove Slreel. Chelsea. MA 02150 Please 
enclose your lelephonf. number 

THE MIT UHF REPEATER ASSOCIATION and Ihe MIT Radto 
Soc~ety offer month1 HAM EXAMS All classes Novlce to 
Exlra Wednesday. ~ c T O B E R  18 7 PM. MIT Room 1-150. 
77 Mass Avenue. Cambrldqe. MA Reservations requested 
2 days In advance Conlact Ron Hoffmann at (617) 484.2098 
Exam lee $4 50 Brln a copy of your current llcense (11 any). 
two lorms of lclure I t  and a completed form 610 available 
lrom the FCC! In Oulncy. MA (617) 770-4023 

OPERATING EVENTS 
"Things to do . . ." 

October 7: The Billy the Kid Chapter of Ten-Ten lnlernat~onal 
wlll run specla1 event slatlon WM50 from the Whole Enchilada 
F~esta In Las Cruces. NM 1500 UTC to 2200 UTC SSB. CW. 
VHF packel Freq. 28 365 MHz OSL plus $1 to Billy Ihe Kid 
Chapler of Ten-Ten Internal~onal. PO Box 274. Falracres. NM 
88033 or call Joe Mayf~eld. KAOYOS at (505) 523-8958 even- 



Garth Stonehocker; K0RYW 

MORE ON EQUINOX 
PROPAGATION 

Last month's discussion of equinoctial 
propagation, changtng daylight condi- 
tions, and solar initiated events is also 
pertinent to October because the equi- 
nox occurs late in September. The 
spring of 1989 gave us an example of 
events during a typical equinox 
(though actually they may have been 
worse than usual). This month I'd like 
to consider these geophysical events 
and their signal strengths and midlati- 
tude day and night ionospheric usable 
frequency changes affecting propaga- 
tion. 

The small geomagnetic disturbances 
on March 3rd and 5th decreased the 
daytime ionospheric density vertical 
reflections by 11 and 18 percent, 
respectively. They decreased by twice 
that at night. The big solar flare on the 
10th at 1922 UTC ~nduced a sudden 
ionospheric disturbance (SID) which 
had maximum D region signal absorp- 
tion affecting propagating signals at 
the equator below the central United 
States (Denver), and then had stronger 
signals east to 30 degrees and west to 
Samoa. During the flare (related to flux 
burst and shape intensity), the amount 
of signal loss and its length (maximum 
of several hours) depend onfrequency? 
The polar cap signal absorption (PCA) 
started soon after, affecting polar path 
signals during daylight hours for three 
days. Meanwhile, the geomagnetic 
disturbance started on the 12th. The 
disturbance increased the midlatitude 
ionosphere by 15 percent initially, then 
decreased it on the 13th by65 percent. 
The ionosphere recovered to median 
values by the 17th. Signals were gone 
completely on most midlatitude and 
higher paths for most of the 14th, and 
then very QSB while recovering. 

The next large flare on the 23rd at 
1959 caused a large, but not as 
lengthy, SID in the same area as the 
one on the 10th. The PCA lasted 12 
hours on polar paths. The geomag- 

netic disturbance began on the 27th 
at 1342 UTC, decreasing the iono- 
spheric density 19 percent. The distur- 
bance continued until April 5th and 
kept the ionosphere down from 14 to 
47 percent, the latter percentage 
occurring on March 31st. 

In April, the first large solar flare and 
its accompanying flux burst took place 
on the 9th at 0105 UTC. A large SID, 
which lasted over an hour with its max- 
imum D region signal absorption (sub 
solar point), was on the equator above 
New Zealand. It covered the region 
from India to Denver with signals of 
increasing strength in directions away 
from the subsolar point. PJo 
geomagnetic-ionospheric distur- 
bances of importance resulted from 
this flare. The next flare was on April 
23rd at 2155 UTC. No SID was repor- 
ted, even though this was an x-ray flare 
of over an hour's duration. Its maxi- 
mum effect should have been on the 
equator south of Hawaii, extending 
across the United States to the east 
and Australia to the west. A geomag- 
netically disturbed ionosphere started 
on the 25th at 1859 UTC with a drop 
in electron density of 25 percent wh~ch 
decreased the next day, but continued 
off and on until the 29th around 1000 
UTC. This is representative of a "typi- 
cal" propagation summary through a 
spring equinox season near sunspot 
cycle maximum. 

Last-minute forecast 
The first two weeks of the month are 

expected to have a high solar ,iux 
producing increased MUFs. However, 
these MUFs should be above our 10- 
meter band. The hours of openings 
should be longer, but the signal 
strengths will fall on the 10 to 30-meter 

bands. Look for good transequatorial 
openings to be more plentiful in the 
late evenings. In particular, look for 
enhancement around the 4th, 12th, 
and 21st because of a higher proba- 
bility of geomagnetic-ionospheric dis- 
turbance. The lower bands, usually 
better for night-time DX, should be 
good the 2nd and 3rd weeks of the 
month. During the disturbed periods, 
look for unusual DX locations to be 
heard in the weak and fluttery signals 
to the east and west. 

The Orionids meteor shower will be 
visible from the 15th to 24th of October, 
with a maximum rate of between 10 and 
20 per hour on the 20th to 21st of the 
month. The moon IS full on the 14th, 
and perigee occurs on the 15th. 

Band-by-band summary 
Ten, 12, 15, 17, and 20 meters will be 

open from morning to early evening 
almost every day to most areas of the 
world. The openings on the higher of 
these bands will be shorter and occur 
closer to local noon. Transequatorial 
propagation on these bands will most 
lrkely occur toward evening during 
conditions of higher solar flux and a 
disturbed geomagnetic field. 

Thirty and 40 meters will be poor 
dur~ng the day. N~ghttime DX will be 
good, except after days of high MUF 
conditions and geomagnetic distur- 
bances. Look for DX from unusual 
places on eastern, northern, and west- 
ern paths during this time. The usable 
distance is expected to be somewhat 
less than that on 20 meters in dayttme 
and greater than that on 80 meters at 
night. 

Eighty and 160 meters will be open- 
ing for DX at dusk. These bands follow 
the darkness path, opening to the east 
just before your sunset, swing~ng more 
to the south near midnight, and end- 
ing up in the Pacific areas durlng the 
hour or so before dawn. The 160-meter 
band opens later and ends earlier than 
80. 
REFERENCES 
1 BII Orr. WGSAI. Han~  Rad~o Techniqu(:s Hdn! Yuu Met SID 
Ham Rad~o Magazine. Dage 31 
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OPTOELECTRONICS 

You have counted on OPTOELECTRONICS And more and more of you are counting on 
Hand Held Frequency Counters to be the us, technicians, engineers, law enforcement 
best quality, to be affordable and reliable. officers, private investigators, two-way radio 
We have been there for you with Frequency operators, scanner hobbyists, and amateur 
Counters that are compact and ultra sensitive. radio operators, just to name a few. 

All counters have 8 digit red .28" LED displays. Alumlnum cabinet is 3.9" H x 3.5" x 1 ". Internal Ni-Cad batteries 
provlde 2-5 hour portable operation with continuous operation from AC line chargerlpower supply supplied. Model 
CCB uses a 9 volt alkallne battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories 
IS available. Orders to U.S. and Canada add 5010 to total ($2 mln. $10 max). Florida res~dents, add 6% sales tax. 
COD fee $3. Forelgn orders add 15%. MasterCard and VlSA accepted. 

Hand Held Series Frequency Counters and Instruments 

Orders to U.S. and Canada add 5% to total ($2 min. $10 max). Florida residents, add 6% sales tax. COD fee $3 
Forelgn orders add 15%. MasterCard and VlSA accepted. 

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue Fort Lauderdale, Florida 33334 

1-600-327-5912 FL (305) 771-2050 FAX (305) 771-2052 " 

CCB 
10 MHz 
1.8GHz 
Security 

$99 

N A 
< 5mv  
< 5 m v  
< 5 m v  
< 10mv 
< 30 mv 

ACCURACY ALL HAVE +I- 1 PPM TCXO TIME BASE. 

MODEL 
RANGE: FROM 

TO 
APPLICATIONS 

PRICE 
SENSITIVITY 
1 KHz 
100 MHz 
450 MHz 
850 MHz 
1.3 GHz 
2.2 GHz 

1300HlA 
1 MHz 
1.3 GHz 
RF 

$1 69 

N A 
< 1 mv 
< 5 m v  
< 20 mv 
< 1 0 0 m v  
N A , 

221 0 
10 Hz 
2.2 GHz 
General Purpose 
Audio-Microwave 
$21 9 

< 5 mv 
< 3 mv 
< 3 m v  
< 3 m v  
< 7 m v  
< 30 mv 

2400H 
10 MHz 
2.4 GHz 
Microwave 

$1 89 

N A 
< 3 m v  
< 3 mv 
< 5 mv 
< 7 m v  
< 30 mv , 

CCA 
10 MHz 
550MHz 
Security 

$299 

NA 
< .5 mv 
< 1 mv 
NA 
NA 
NA , 





- __--- -- 

. .. Multiple scanning functions. Men. 
channel lock-out 15 ;llso prov~ded 

High stability VFO. Thc dual dlg~tal VFOs . ALT-Automatic Lock Tuning-on 
Satellite Transceiver feature rock-stable TCXO (temperature com- eliminates 

The new Kenwood TS-790A VHF/UHF all- 
mode tri-band transceiver is designed 
for the VHF/UHF and satellite "power 
user: The new TS-790A is an all-mode 
144/450/1200 MHz transceiver with 
many special enhancements such as 
automatic uplink/downlink tracking. 
Other features include dual receive, 
automatic mode selection, automatic 
repeater offset selection for FM repeater 
use, VFO or quick step channel tuning, 
direct keyboard frequency entry, 59 
memory channels (10 channels for sep- 
arate receive and transmit frequency 
storage), multiple scanning and multiple 
scan stop modes.The Automatic Lock 
Tuning (ALT) on 1200 MHz eliminates 
frequency drift. Power output is 45 watts 
on 144 MHz, 40 watts on 450 MHz, and 
10 watts on 1200 MHz. (The 1200 MHz 
section is an optional module.) 

pensated crystal osclllatorl clrcu~try. w~th 
frequency stab~llty of 2 3  ppm 

Operates on 13.8 VDC. Pcrfcct for 
mountn~n-top DXperlltlonsl 

The mode switches confirm USB. LSB. 
CW, or FM selection with Morse Code. 

Dual Watch allows reception of two 
bands at the same time. 

Automatic mode and automatic 
repeater offset selection. 

Direct keyboard frequency entry. 
59 multi-function memory channels. 

Store frequency, mode, tone ~nformat~on. 
offset, and qulck step funct~on Ten memory 
channels for "odd spl~t" 

CTCSS encoder built-in. Opt~onal TSU-5 
enables sub-tone d~code 

Memory scroll function. Th~s feature 
allows you lo check menlory contents 
w~thout chang~ng the VFO frequency 

lory 

1200 

SC&HZ CW filter built-in. 
Packet radio connector. 
Interference reduction controls: 10 dB 

RF attcnuator on 2m, nolse blanker. IF sh~tt. 
selectable AGC, all mode squelch 

Other useful controls: RF power output 
control, speech processor, dual mutlng, 
frequency lock sw~lch. RIT 

Voice synthesizer option. 
Computer control option. 

Optional Accessor~es: 
PS-31 l1r,wc>r ?11[1p1j SP-31 Fxlvrnal sp~ak~r 
UT-10 1700 MH7 rnnd~~ll *VS-2 Vo~c P SV~~I~~PSIJPI 

OOI! TSU-5 Proqr.tmnl,~hlr ( ICSS dPcodrr 
IF-232C Cornrx~lrr lnlprfnrp MC-60A/MC-801 

MC-85 I ' w k  mlc 5 HS-51HS-6 tiranjitlr,li~? 
MC-43s Hdnrl r r~~c PG-2s F x t r ~  I IC  rnhlP 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
PO H 3 X  ?3;45.??01 F Dnm~nque? Street 
Long BP;K~.CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
1'0 BOX 1075. P5'J Gana Court - 
Mlss~ssauga. Ontarlo, Canada L41 4 L Z  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104

