




For over fifty years Eimac has supported The FCC now allows 1500 watts output 
the amateur radio fraternity with the finest power; these new tubes are tailored to the chal- 
power tubes in the world. Started by radio ama- lenge. Enjoy the improving band conditions, the 
teurs, for radio amateurs, Eimac continues its new WARC bands, and upgrade to 1500 watts 
tradition of dedication to amateur radio. The output in your new linear. 
new 3CX800A7 and 3CX1200A7 are examples 
of this continual dedication to the development 
of tubes for amateur use. 

varian s eimac 
301 Industrial Way 1 San Carlos. CA 94070 1 415-592-1221 

1678 South Pioneer Road I Salt Lake City, UT 84104 1 801-972-5000 
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Three Choices for 2m! 
TM -2 5 7CTA12 550AI 2 530A Big multi-color LCD and back-lit 

Feature-packed 2m FM 
transceivers 

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

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

High performance GaAs FET front end 
receiver 

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

16-key DTMF pad with audible monitor 

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

Center-stop tuning-a Kenwood 
exclusive! 

New 5-way adjustable mounting 
system 

Automatic repeater offset selection- 
another Kenwood exclusive! 

Direct keyboard frequency entry 

Front panel programmable 38-tone 
CTCSS encoder includes 97.4 Hz 
(optional) 

Actual size front panel 

controls for excellent visibility 

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

Introducing. .. 
Digital Channel Link 

Compatible w~th Kenwood's DCS 
(D~gital Code Squelch), the DCL system 
enables your rig to automatically QSY 
to an open channel. Now you can auto- 
matically switch over to a simplex 
channel after repeater contact! Here's 
how it works: 

The DCL system searches for an 
open channel, remembers it, returns 
to the ortginal frequency and transmits 
control information to another DCL- 
equlpped stat~on that switches both 
radios to the open channel. Micro- 
processor control assures fast and 

reliable operation. The whole process 
happens In an instant! 

Optional Accessories PS-50 DC power supply for TM-2570A 
TU-7 38-tone CTCSS encoder MC-60A/MC-80/MC-85 desk mlcs 
MU-1 DCL modem un~t  MC-48B extra DTMF rnlc wtth UPIDWN sw~tch 
VS-1 voice synthes~zer MC-43s UPIDWN mlc 
PG-2N extra DC cable MC-55 (8-p~n) mob~le mlc w~th  t~me-out tlmer 
PG-3B DC l~ne  nolse f~lter SP-41 compact rnob~le speaker 
ME-10 extra mob~le bracket SP-SOB mob~le speaker 
CD-10 call slgn d~splay SWT-1 2m antenria tuner 
PS-430 DC power supply for 
741-2550A12530A13530A 

Cor l lo l r f r  Yervrce manr~alx dre ~~v.~r iablc lor .llI K ~ r i w o o d  fr,lrlrr Flverr dnll rrlrixl ,I< 1 r ~ ~ r c l r l r ,  
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Ode to the Death of PRB9 
When PRB-3, the bill to allow special callsigns, was first announced I was overjoyed at the prospect 

of being able to get a coveted 1x2 callsign. No longer would I be asked if I belonged in the Extra part 
of the band. I could rightfully join my Extra class brethren as ?I??! Or so I thought. 

I have never been overly attached to any of the three calls I've had. As a Novice, WN1IGG wasn't 
bad, but the phonetics were horrible - Weston's Number 1, I Go Goofy. Gratefully, I never went on 
the General bands with that one. When I finally passed the General in 1972, the FCC gave me WAIQWW. 
Now there was a call you could be proud of - WA1 Quarter Wave Whip. There was a nice ring to 
it on CW too. However, I was still searching for the "perfect" call. In 1978, it was time to move on and 
get my Advanced. Did I want a new call? Surely, I didn't want KAlsumthinorother. Group C calls sounded 
good, so I ended up with N1ACH. 

When I got to HR in 1979, 1 felt duty bound to upgrade to Extra in keeping with our high tech image. 
It wouldn't look good for me to have just the Advanced. Sooooo, I got my Extra. But for some reason, 
I didn't put in for a callsign change. Maybe the 2x1's at the time didn't have enough pizazz to me. 

That all changed when PRB-3 was announced. Whoopee! Now I can get the call I want. What would 
I get3 I really liked the W1X series of calls. So, I went through the list to see what was available. Jim 
Kearman had let W1XZ go. That had a nice CW ring to it. So did a few others. But I felt.lld be taking 
someone else's property. 

Then it hit me. 
What better call to ask for than WIHR, Jim Fisk's old call. Now this call has pizazz! I felt it would 

be a fitting tribute to Jim's memory to carry on his call here at HR. Contests and DX circles would ring 
again with the familiar WlHR call. Could I get it3 Would someone else beat me to the punch? 

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

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

Well one cannot be disappointed forever. Now I'm playing the waiting game for the next best thing 
- NXl?. If I time it right, mebbe I'll get NXIH. It's a roll of the dice at best, but it's all I have left to 
get that "special" callsign. 

de NXl? dba N1ACH 
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F tune opera 
TUNE lunclbor 
ng s~gnals anc 

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

100n80 duty cycle transmitter. 
Kenwood transmit duty 
cycle time. The TS-940S Is guar- 

tooperate at full power 
output for perlods exceeding 
one ~ O U K  (14.250 MHz. CW. 110 
watts.) Perfect for RTTY, SSTV. 
and other long-duration modes. 
First with a full one-year 
limited warranty. 
Extremely stable phase lock- 
ed loop (PLL) VFO. ueference 
frequency accuracy Is measured 
In parts per million! 

Optional accessories: 
*AT-940 full range (160-10m) automattc mtc. MC-6OA, MC-80, MC-85 deluxe base 
antenna tuner SP-940 external speaker stat~on mlcs. PC-1A phone patch *TL-922A 
wlth audto fllter~ng *YG-455C-1 (500 Hz), l~near ampl~fier SM-220 statton monitor 

KENWOOD 
YG-455CN-l(250 Hz),YK-88C-l(500 Hz) CW BS-8 pan dlsplay SW-200A and SW-2000 KENWOOD U.S.A. CORPORATlON 
f~lters; YK-88A-1 (6 kHz) AM f~lter *VS-l votce SWR and power meters IF-232CllF-10B 2201 E. Domtnguez St., Long Beach,CA90810 
synthestzer SO-1 temperature compensated computer ~nterfacc?. PO. Box 22745. Long Beach. CA 90801-5745 
('ornplele servrce manuals are avarlnble lor all Kenwood rrarlsce!vers and most ;,rces, @!IP? 

' .~PCI~IC~~IT)~S learures, and Ilr!ce.\ are suhlecr lo change wrlhoul rlolrce or obllg.ll~on 

\- 

CW VET 3 
1 -  -I P-loaid Hi-Cut Lo-Cut 

& 
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Intoriming *- m n d  

Inhr(.rlng ; signal8 SMW \JSS~~); 
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CW VET 
- 
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ktrhrtng.lgn.lI8 IM 
cdh.drtnd.lgl.1 

1) CWVariable Bandwidth Tuning. Vary the 3)SSBSlopeTuning.Operat1ng1nthelSEand 
passband w ~ d t h  continuously ~n the  CW. FSK. USE n l o d e s ,  thls f ron t  panel control allows 
and AM modes, wlthout al lecttng the center ~ndependent .cont~nuouslyvar~ableadlust -  
frequency T ~ I S  effectively mlnlmlzes ORM mentoftheh~ghorlowfrequencyslopesolthe 
from nearby SSB and CW signals. IF passband. The LCD sub display ~ltustrates 
2)A~~une.Enabled with the push button, the ltlteflng position 

1111, cw Interference fighter ~nserts a tun- 4) IF ~ o t c h  Filter. The tunable notch filter 
able.threepoleactivefi l terbetweentheSSBl sharply attenuates interfer~ng signals by as  
CWdemodulator and the audioampl~fier.Our- much as40 dB Asshown here.the~nterfering 
ing CW OSOs, thls control can be used t o  slgnal IS reduced, whlle the deslred stgnal 
reduce Interfering signals and noise, and remains unaffected.The notch ltlter works In 
peaks audlo frequency response for optimum all modes except FM. 
CW performance 

crystal osc~llator MC-43s UPIDOWN hand 

Complete all band, all mode 
transceiver with general 
coverage receiver. Recelver 

covers modes 150 bullt-ln: kHz-30 AM. MHz. FM. CW, All FSK, 
LSB, USB. 
Superb, human engineered 
front panel layout for the 
DX-minded or contesting 
ham. Large fluorescent lube 
maln d~splay wlth dtmmer; direct 
keyboard input of frequency; 
flywheel type maln tuntng knob 
wtth optical encoder mechan~sm 
all combine to make the TS-940s 
a joy to operate. 
One-touch frequency check 
(T-F SET) during split 
operations. 
Unique LCD sub display indi- 
cates VFO, graphic indication 

VBT and SSB 'lope 
and time. 

step Inode chang- 
ing with CW anno~txement. 
Other vital operating func- 
tions. Selectable seml or full 
break-ln CW (OSK). RITIXIT, all 
mode squelch, RF attenuator, filter 
select switch, selectable AGC, 
cwvariable pitch control, speech 
processor, and RF power output 
control, programmable band 
scan or 40 channel memory scan. 



Learning CW a "plus" 
for all hams 
Dear HR 

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

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

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

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

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

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

John Muhr, KTOF, 
Littleton, Colorado 

Preservation - our 
right 
Dear HR 

The late great Radio Amateur, Col. 
Clair Foster, W6HM (who personally 
paid for the first state-of-the-art ARRL 
headquarters station, WIMK), used to 
stress an argument that strongly calls 
for retention and expansion of our ham 
bands: 

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

Louis R. Huber, W7UU, 
Seattle, Washington 

A tradeoff 
Dear HR 

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

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

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

Patrick Bouldin, KMBL, 
Lancaster, Texas 

Better management of 
HF bands needed 
Dear HR 

Enough is enough. I've been 
involved with ham radio for about 25 
years. I spend all my radio time on the 
HF bands, especially 20 and 10. The 
atrocities that take place nowadays are 
demoralizing and the list is long: peo- 
ple tuning up on QSOs, running a car- 
rier on DX, contacts on contacts as if 
500 kc wasn't close enough, calling 
CQ without checking for a clear fre- 
quency first, deliberate malicio~ls inter- 
ference, not giving consideration to 
phone nets, RTTY on phone QSOs, 
etc. Even on CW some of the same 
problems exist. 

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

Glenn Durant, KBOBHN, 
Firestone, Colorado 
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MFJ TUNERS 
) Here is the finest 3 KW PEP Tuner money can buy with roller inductor, 1 
1 dummv load. new peak reading meter, antenna switch, balun and more ... I < 

The MFJ.989C 1s not for everyone. 
However. ~f vou do make the I - -  

1 With t h m  cnntinuouslv variable - 

- SWR and the w~dest matching range 1 possible from 1.8.30 MHz. 
You get a new lighted peak and 

average reading CrossNeedle 
IRIWattmeter with a new more 

accurate dlrect~onal coupler. - I You get a plant two core balun 
wound with teflon wire for balanced 
lines and a 6.position antenna switch 
w ~ t h  extra heavy switch contacts. 

Its comoact 1 0 3 / 4 ~ 4 1 / ~ ~ 1  5 inch 

load lo; tunina vour exclter. a tilt 1 . . . . , . . . . . - - - - . . .. . . - - - - . , . - . - - - 
components - two masslve 6 KV  =34gs5 stand for easy iiewing and'a 3.digit 
capacitors and a high ~nductance MFJ-989C turns counter plus a spinner knob lor 
roller inductor - you get precise control over exact inductance control. Add $1 0 slh. 

2-knob ~ i f f e r e n t i a l - ~ ~ ~ ~ u n e r  I MFJ's Best 300 Watt Tuner I MFJ's Artificial RF Ground 

~ ~ ~ - 9 8 6  The new MFJ 986 D~fferentlal-TTM 3 
KW PEP 2.knob Tuner has a differential 

s269g6capacitor to make tuning foolproof 
and easier than ever. It ends constant retunlng with 
broadband coverage and gives you minimum SWR 
at only one best setting. Covers 1.8-30 MHz. 

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

You get MFJ's new peak and average reading 
Cross-Needle SWRlWattmeter with a new d~rectional 
coupler for more accurate readings over a wider 
frequency range. It reads forwardlreflected power in 
200150 and 20001500 watt ranges. Meter lamp is 
front panel sw~tched and requires MFJ.1312, $9.95. 

A new current balun for balanced lines reduces 
feedline radiat~on and forces equal currents lnto 
antenna halves that are not perfectly balanced for a 
more concentrated. stronger s~gnal. Add $1 0.00 slh. 

MFJ's Fastest Selling Tuner 

The MFJ-9410 is MFJ's fastest selling 
MFJ-9410 300 watt PEP antenna tuner. Why? 

$1 0 9 9 6  Because it has more features than 
tunen costing much more and it 

malches everything continuously fmm 1.8-30 MHz. 
H matches d~poles, vees, verllcals, moh~le wh~ps. 

random wlres, banlanced and coax lines. 
SWWWanmeter reads fowardlreflected power in 

30 and 300 watt ranges. Antenna sw~tch selects 2 
coax Ilnes, direct or through tuner, random wire. 
balanced line or tuner bypass. Efficient airwound 
inductor gives lower losses and more watts out. 
Has 4 : l  balun. 1000 V capacitors. 1 0 x 3 ~ 7  inches. 

MFJ's Random Wire Tuner - 

MFJ-16010 5 3 9 9 5  

Y w  can operate all 
bands anywhen with any 
transceiver when you let 
the MFJ.16010 turn anv random wire into a 

- - - - -  3 - - 7 - -  - -  
MFJ-949C oreclse matches than any tuner that 1 RF "bites". 'I 

$1 4998 uses two tapped inductois. Why? 
Because you get two conlnuously 

variable capacitors that give you infin~tely more 
positions than the llmlted number on switched coils. 

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

You also get MFJ's lighted 2-color Cross-Needle 
SWRMlattrneter. 6,position antenna switch, 50 ohm 
300 watt dummy load and a built.in balun - all in a 
compact 1 0 x 3 ~ 7  inch cabinet that fits right into 
your station. Meter light requires MFJ-1312, $9.95. 

With MFJ's k s t  300 watt PEP tuner you get an 
MFJ tuner that has earned a reputation for being 

feedback, TVI and RFI when you let the MFJ 931 
resonate a random length of wlre and turn 11 lnto a 
tuned counterpoise. The MFJ.931 also lets you 
electrically place a far away RF gmund direcly at 
your rig - -  no matter how far away 11 IS . by tuning 
out the reactance of your around connection wire. 

able to match iust about anvthina - one that IS - 1 . For a few extra dollars. the MFJ. 
highly pedecteb and has oi proven reliability. 

MFJ's Mobile Tuner MFJ-94% 
s89e6 
Don't leave 

home w~thout 
lhls mobile 

luncr Have ,,n ..r n-rrrt plea lrlp as the MF, 945C 
extends your antenna bandwidth and eliminates the 

m r ~ - Y U L ~  962C lets you use your barefoot rig 
s229°5 now and have the caoacitv to add a 
1.5 KW PEP linear amplif~er later. covers 1 .8-30 MHz. 

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

You get MFJ's new peak and average reading 
Cross-Needle SWRlWattmeter with a new directional 
couoler for more accurate readinas over a wider 

need to Stop, 90 out and adlust Your mobile whip. frequency range. It reads forwardjreflected power in 
You can, operate anywhere in a band and get low 200150 and 20001500 watt ranges. Meter lamp is 

SWR. You 11 get nlaxlmum Power out of Your solid I front oanel sw~tched and repulres MFJ.1312. $9.95. 
state or tube rlg and 11'11 run cooler and last longer. 

SmaI  8 x 2 ~ 6  Inches uses little room. SWW Wan- 
meter and convenient placement of controls make 
tuning fast and easy while in motion. 300 watts 
PEP output, efflc~rnt alrwound ~nductor. 1000 volt 
capac~tors. Mob~le mount. MFJ.20. $3.00. 

7441220 MHz VHF Tuners 
MFJ.921 See 8 5  

MFJ's new VHF 

watts PEP and match a w~de range of Impedances 
for coax fed antennas. SWRIWattmeter. 8x2Vzx3 ~ n .  
MFJ-920, $49.95. No meter. 4l/w2l/ut3 Inches. 

MFJ I 

 as 6.positton antenna switch and a teflon wound 
balun with ceramic feedthru insulators for balanced 
lines. 103/4~4l/ud 4 718 inches. Add $1 0.00 slh. 

MFJ's smallest Versa Tuner 

1 5 x 2 ~ 6  inches - -  (and most affordable) 200 watt PEP 
tuner -.when both space and your budget IS limited. 
Good for matchlng sol~d state rlgs to Ilnears. 

It matches whips, d~poles, vees, random wires. 
verticals, beams, balanced and coax llnes from 
1.8.30 MHz. Efficient airwound inductor. 4:l balun. 

FOR YOUR NEAREST DEALER OR TO ORDER 

transm~ttlng antenna ~ i e a t  lor apartment, motel, I MFJ ENTERPRISES, INC. I 1 year uncond~t~onal guarantee 30 day money 
camplng operal~on Install a wlre anywhere' Tunes Box 494, MISS State. MS 39762 back guarantee (less slh) on orders from MFJ 
1 8 30 MHz 200 watts PEP Ultra small 2 ~ 3 x 4  In (601) 323 5869, TELEX 53 4590 MFJSTKV Free catalog Add $5 00 slh (except as noted) 

M N  . . . making quality affordable r /  108 



YAGl FATIGUE FAILURES 

Y agi element failure can be attributed to two basic 
causes. The first type of failure occurs when an ele- 
ment isn't strong enough to hold up when forces 

are applied. These forces may be caused by a thick layer 
of ice, high winds, or a combination of the two. Under the 
stress of these forces, the element either bends or breaks 
off, with signs of bending in the area of the break. 

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

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

Understanding flutter 
Two key areas that must be explored to understand flut- 

ter are the vibratory aspects of the element and the forces 
that set it in mot~on. 

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

I MODE I F = 056 \ l ~  

F = 1 5 6 -  P L' (2) 

MODE 2 

I 
MODE 3 

F = 981 (3) 

7 

F = 1925 v'A (4) 
MODE 4 PL' 

I = MOMENT OF INERTIA L - ELEMENT HALF LENGTH 
E =  YOUNG'S MODULUS p = MASS/UNIT LENGTH 
F =  FREQUENCY OF TUBE 

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

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

Wind excitation 
Several things can occur when air flows over a round 

tube. At low wind speeds nothing happens. The air flows 
around the tube creating no disturbances of any kind. At 
higher wind speeds, the air can't cling to the back side of 
the tube. This creates vortices, or swirls of air. At first the 
vortices form in pairs coming from both edges of the tube. 
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Resonant frequencies of the f~rst four modes for varlous element conflgurat~ons 

Element 
Tube Half Wall 

Dlameter Length Th~ckness Mode 1 Mode 2 
(~nches) (~nches) (~nches) (Hz) (Hz) 

0 500 100 0 058 1 2  7 9 
0 625 100 0 058 1 6  10 0 
0 750 100 0 058 1 9  12 3 
0 875 100 0 058 2 3 14 5 
0 500 135 0 058 0 7 4 3 
0 625 135 0 058 0 9 5 5 
0 750 135 0 058 1 1  6 7 
0 875 135 0 058 1 2  7 9 
1 000 135 0 058 1 4  9 2 
0 625 200 0 058 0 4 2 5 
0 625 200 0 116 0 36 2 3 
0 750 200 0 058 0 5 3 1 
0 750 200 0 116 0 45 2 9 
0 875 200 0 058 0 6 3 6 
0 875 200 0 116 0 5 3 4 
1 000 200 0 058 0 7 4 2 
1 000 200 0 116 0 6 3 9 
1 125 200 0 058 0 75 4 7 
1 125 200 0 116 0 7 4 5 
1 250 200 0 058 0 83 5 3 
1 250 200 0 116 0 79 5 0 

Mode 3 

(Hz) 
21 8 
27 8 
33 8 
39 9 
1 1  9 
15.2 
18 6 
21 9 
25 3 

6 9 
6.4 
8.5 
7.9 

10 0 
9.4 

11 5 
10 6 
13 0 
12 4 
14 5 
13.9 

Mode 4 

(Hz) 
42 6 
54 5 
66 4 
78 3 
23 4 

29 3 
36 4 
42 9 
49.5 
13.6 
12.5 
16.6 
15.4 
19 6 
18.3 
22.5 
21.3 
25.5 
24.3 
28.2 
27.2 

LOW WINO SPEED- NO PRODUCTION OF ALTERNATING 
VORTICES 

HIGHER WIND SPEED- PRODUCTION OF ALTERNATING 
VORTICES 

Diagram showlng the cause of oscillation due to the creation of alter- 
nating vottices. 

As the wind speed increases, the vortices leave first one 
edge of the tube and then the other. The formation of the 
vortices alternates back and forth between the two edges. 
The result is an oscillatory pressure loading on the tube. 
When the frequency of vortex formation is the same as the 
resonant frequency of one of the element vibratory modes, 
the element begins to flutter. Figure 2 shows the various 
stages of vortex shedding. 

As the wind stream velocity increases, the frequency of 
vortex formation accelerates. When the frequency of the vor- 
tex shedding builds up sufficiently, the element stops vibrat- 
ing because the excitation is not at, or near, a mode reso- 
nant frequency. Similarly, as the wind speed decreases, 
either vortices cannot be shed or the frequency of shed- 
ding drops below a mode resonant frequency. The result 
is the same: the element stops vibrating. 

As the wind speed continues to increase, vortices con- 
tinue to be produced, but with greatly diminished ampli- 
tude. No effective excitation is produced above a certain 
air velocity. The result is a range of possible frequencies 
that can excite an element. The element will flutter only if 
the wind sheds vortices from the tube at or near an ele- 
ment mode resonant frequency. 

Use Equation 5 to find the shedding frequency.2 The term 
Nr is an important parameter; it determines the interplay 
of the tube size, alr velocity, air density, and air viscosity. 
Shedding occurs when Nr is in the range of 60 to 10,000.3 
Although shedding can occur over this wide range of Nr, 
other conditions may not be suitable for the initiation of ele- 
ment flutter. 

f = frequency of vortex shedding 
(Hz) 

V = wind velocity (milelhour) 
D = tube diameter (inches) 
Nr = Reynolds number (dimension- 

less) (air parameters factored 
into coefficient) 
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1 W~nd and frequency ranges for vortex shedding 

Tube size 
(inches) 
0 250 
0.375 
0 500 
0 625 
0 750 
0 875 
1.000 
1 125 
1 250 

Wind speed range 
(mph) 

0.30-52 
0 20-34 
0.16-26 
0.13--21 
0 10-17 
0.09---I5 
0.08- 13 
007-11 
0 06-10 

Frequency range (Hz) 

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

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

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

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

Element fatigue failure 
An element that breaks as a result of sustained flutter~ng 

fails by a different mechanism than if it bends due to a very 

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

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

Minimizing element failure 
There are several things that can be done if an element 

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

You might also modify the shape of the element so that 
orderly vortices can't be shed. To do so, wrap a wire in a 
helix around the element.5 The wire diameter should be 
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Resonant frequencies of the first four modes with 112" rope for various element configurations 

Element 
Tube half Wall 

diameter length thickness Mode 1 Mode 2 Mode 3 
(inches) (inches) (inches) (Hz) (Hz) (Hz) 

0.500 100 0.058 1.15 7.3 20.1 
0.625 100 0.058 1.5 9.5 26.1 
0.750 100 0.058 1.8 11.7 32.2 
0.875 100 0.058 2.2 13.9 38.2 
0.500 135 0.058 0 6 4 0 11 .O 
0.625 135 0.058 0.8 5.2 14.3 
0.750 135 0.058 1 .O 6.4 17.6 
0.875 135 0.058 1.19 7.6 20.9 
1.000 135 0.058 1.38 8.8 24.3 
0.625 200 0.058 0.37 2.4 6.5 
0.625 200 0.116 0 35 2 2 6.1 
0.750 200 0.058 0.45 2.9 8.0 
0.750 200 0.116 0.43 2.8 7.6 
0.875 200 0.058 0.5 3.5 9.6 
0.875 200 0.116 0.5 3.3 9.1 
1.000 200 0.058 0.63 4.0 11 .O 
1.000 200 0.1 16 0.59 3.86 10.58 
1.125 200 0.058 0.71 4 6 12.6 
1.125 200 0.1 16 0.69 4 4 12.2 
1.250 200 0.058 0.80 5.1 14.1 
1.250 200 0.116 0.77 4.9 13.7 

Mode 4 

(Hz) 
39.5 
51.3 
63.1 
74 9 
21 6 
28.1 
34.6 
41.1 
47.7 
12.8 
12 0 
15.7 
14.9 
18.7 
17.9 
21.7 
20.8 
24.7 
23.8 
27.7 
26.8 

WIRE SIZE a0.09 
TIMES TUBE DIAMETER 

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

about 0.09 times the diameter of the element with the turns 
of the helix spaced about 5 times the diameter. (See 
Figure 3.) 1 don't know if anyone has tried this approach. 
I plan to experiment with it and I hope others will too. It offers 
the possibility of being the best solution. Rather than try- 
ing to accommodate the production of vortices, this 
approach may eliminate their generation. I know this idea 
has been applied successfully to various types of structures, 
like suspended pipelines and smoke stacks, but I'm not 
aware of its use with Yagi elements. 

You can attempt to retune the mechanical resonances 
of the element out of the range of vortex shedding frequen- 
cies in two ways. One traditional method is to use damp- 
ing ropes inside the elements. Actually, damping ropes pro- 
vide both a slight mechanical retuning of the element and 
the addition of some amount of damping to lower the Q 
of the mechanical resonance. My experience with damp- 
ing ropes has shown them to be of little value. I had four 
fatigue failures on a 20-meter Yagi and three on a 10-meter 

success. 
The amount of mechanical retuning that results from plac- 

ing a rope inside an element is shown in Table 3. I've cal- 
culated the resonant frequencies with a 112-inch rope inside 
the entire element length. A comparison of Table 1 and 
Table 3 shows the resonant frequencies haven't been sub- 
stantially altered. If anyone has had success with ropes, it 
probably has been due to a lowering of the Q of the 
mechanical resonance by providing some damping. This 
was probably a marginal case. Evaluate this method the 
same way you did the foamed elements. Perhaps you can 
enhance the damping provided by the rope by gluing its 
entire length to the inside of the element. You'll probably 
have to soak the rope in an adhesive and coat the inside 
of the element before pulling the rope through. 

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

Several years ago Dennis Peters, N5UA (now deceased), 
had a 10-meter beam which was losing an element about 
every two months even though he had ropes in the ele- 
ments. After some discussion and much frustration on his 
part, he added weights to each element tip. Dennis used 
large washers secured with hose clamps; they did the trick. 
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When you need to command "I built it myself!" 

with only 80 to 100 watts of enjoy cost savings, you have the 
unique opportunity of knowing 

to Taiwan, operators easily more output than even the your equipment inside and out. 
controlled pileups with the world-famous Heath SB-220! 
SB-1000 and nothing more than 
a dipole antenna. This means 

technical assist- 
you know you can depend on r licensed ham 
your SB-1000 to lift your signal 
above the rest. Whether need it. An offer that's hard 
you're using a dipole or 
stacked rnonoband beams. See the SB-1000 and our 
Proven output power complete line of amateur 

We don't play games by radio products in the Spring 
using old rating methods to Heathkit Catalog. Call today 
make you pay for input for your free copy. 
power you don't get at the 1-800-44-HEATH 
antenna. What you do  get is (1-800-444-3284) 
1000 watt output of peak 

Best to start with. 
Best to stay with. 

O 1989. Heath Company. 
Hc-athkit is a registered 

trademark of  Heath Company. 
A subsidiary of Zenith 

Elecm,nics Corporation. 



GET TWO BIRDS WITH ONE STONE 
DJ-500T DUAL BAND HAND-HELD 

Engineered with the most advanced electronic 
technology, the Tiny, Tough and Terrific DJ500T 
features two methods of Frequency Selection, En- 
code/Decode Subaudible Tones and a Single mem- 
ory - 16 Digit Auto Dialer and the following plus: 

b 144.00Mhz - 147.995 Mhz1440-450 Mhz (F requency  C o v e r a g e  is M o d i f i a b l e * )  

b Ultra Compact: 2 5/1s" (W) x 7 '12" (H) x 1 '12" (Dl 
b Cross Band Full Duplex 
b High Power Output: 2.5 W (vHF) /2.OW (UHF) with Standard 

Ni-Cd battery 
6Watts (VHF)I 15 Watts (UHF) with Optional Battery* 

b Two methods of Frequency Selection 
Direct keyboard entry and small, quick up and down adjustments. 

b Automatic Battery Save Function 
b Ni-Cd batteries have unique DCIDC converter for 13.8VDC input 
b Programmable Odd Offsets 

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

(2 -year Limited Factory warranty) 

M Transceiver 

b 6.5 WattsIOptional b 5 WattsIOptional , ' LCD read out 
b 10 Memories 

Programmable Subaudible 

6 WATTS VHF 
* 5 WATTS UHF 

(*With Optional EBP-BNAZ or 13.BVDC input) 
ALINCO'S Products are Carried by These Fine Dealers 

A.Tech Eleclrontcs- Burbank. CA Floyd Elemrontcs - Coll~nsnlle, 1L HSC -Sunnyvale. CA Reno Radta - Reno. NV 
ACK Rad~o Supply - B~rmlngham. AL The Ham Slalton - Evansv#lle. IN lnlernatnonal Radao Systems - Mama. FL Rlvendell Assoc~ales - D e r ~ ,  NH 
Amateur 8 Advance Comm - W~lm~nplon. DE The Ham Hul -Amar~llo. TX Jun's E lemron~n - Culver Clty CA Rogus Eleclron~cs - Soulh~ngton. CT 
Amateur Comm ETC - San Antonlo. TX Henry Radto - Los Angeles. CA KComm - San Antonlo. TX Rosen's E l e c l t o n ! ~ ~  - W~ll~amson. WV 
Amateur Eleclrontc Supply - Mllwaukes. WI Hlrsch Sales Co - Wtll~amsv~lle. NV KJI Electfon~cs - Houston. TX Ross Dlstrlbut~ng Co -Preston. ID 
Amateur Electronic Supply - Orlando. FL HR Eleclron~cs- Muskegan. MI Madoson Eleclron~cs - Houston. TX Satell8te Crty - Mcnneapol~s MN 
Amateur Electron~c Supply - Clearwater. FL Ham Radlo Dullel- Anahelm. CA Maryland Radmo Center - Laurel. MD Soundnonh - S Inl'l Falls. MN 
Amateur Eleclron~c Supply - Las Vegas. NV Ham Radjo Oullet - Allanla. GA Memph~s Amaleur Electron~cs - Memphis. TN Tel-Com Eleclron~c Comm - Llnlelon. MA 
Austin Amateur Radlo Supply - Ausl~n. TX Ham Radlo Oullel - Burl~ngame. CA Mlch~gan Radfo - MI. Clemens. MI Texas Comm Center - Houston. TX 
Barry Electronrcs - New York. NY Ham Radto Outlel- Oakland. CA Mjss~on Commun!cal~ons - Houston. TX Un~versal Amaleur Radlo - Columbus. OH 
Colorado Comm. Center - Denver. CO Ham Radbo Outlel- Phoenix. AZ M8ssour1 Radoo Center - Kansas ClW. MO VHF Commun~cat#ons - Jamestown. NY 
Delaware Amaleur Supply - New Caslle. DE Ham Radio Outlel - Salem. NH N d G Electronics - Mlamo. FL Wtlltams Radlo Sales - Collar. NC 
EL CIrlg~nal Eleclrontcs - Brown~v~l le.  T X  Ham Radio Outlel - San Dtego CA Omnm Electron~cs - Laredo. TX 
Elec'ro-Com - Tacoma. WA Ham Radio Outlet - Van Nuys. CA Ouemenl Elsctron~cs - San Jose. CA CANADA 
EEB - Vlenna. VA Ham Radio Oullel- Woodbrfdge. VA RF Enterprtses - Mernlbeld. MN Canadan D~slrmbulor 
Er~ckson Comrnun~cations - Chlcago. IL HSC - Santa Clara. CA R 6 L Electronocs - Ham,lton. OH Texpro Sales Inc - Burltnglon. Ontarlo 
F d M Eleclron~cs - Gfeensbofo. NC HSC -Sacramento. CA Radto World -Boulder Coly. NV (416) 332 5944 



WANTED I 

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

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

1) The Trade-In "Reward" can only be used towards an Alinco DR510T Dual Band Mobile or an 
Alinco DJ-500T Dual Band Hand-Held, on a Mobile for Mobile and Hand-Held for Hand-Held basis. 

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

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

***OFFER GOOD AT TIME OF SALE ONLY. OFFER EXPIRES AUGUST 31,1989"' 

ALINCO ELECTRONICS INC. 



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 Ell Mine. 

and Tomorrow... 
writes, and every unit Kantronics designs and 
produces are b6rn 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 

T n  this age of telco LANS. E-mail and FAX, Personal Packet Mailbox'" is accessible from 
I " 

both H F  and VHF! Version 2.85 has dual-port 
compatibility with RLIIMBL boards and KISS 
mode for both ports. You can monitor H F  and 
VHF packet operations at the same time. 
Users can even gateway from H F  to VHF (or 
in reverse) through your KAM. 

Kantronics ,411- ode" (KAM) has Packet, 
WEFAX, ARQ, FEC, RTTY and CW recep- 

PBBS is just 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 vour KAM "STA LED 
is blinking. New firmware level 2.85 has also 
added a handy automatic mailbox user- 

Ki!! Kantronics 
R F  Data Communications Specialists 

Packet Cluster" is the copyrighted software of Pavillion S~ftwpre 
KAM ", All-Mode'-. KA-NODE". and Personal Packet Mallbox '-. 

are trademarks of Kantron~cs Company. InC. 

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



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

Element 
Tube half Wall 

diameter length thickness 
(inches) (inches) (inches) 

0.500 100 0.058 
0.625 100 0.058 
0.750 100 0.058 
0.875 100 0.058 
0 500 135 0.058 
0.625 135 0.058 
0 750 135 0.058 
0.875 135 0.058 
1.000 135 0 058 
0.625 200 0.058 
0.625 200 0.1 16 
0.750 200 0.058 
0.750 200 0.116 
0 875 200 0.058 
0.875 200 0.116 
1.000 200 0.058 
1.000 200 0.116 
1.125 200 0.058 
1.125 200 0.1 16 
1.250 200 0.058 
1.250 200 0.1 16 

Mode 1, no 
tip weight 

(Hz) 
1.2 
1.6 
1.9 
2.3 
0.7 
0.9 
1. 1 
1.2 
1.4 
0.4 
0.36 
0.5 
0.45 
0.6 
0.5 
0.7 
0 6 
0.75 
0.7 
0.83 
0.79 

Mode 1, with 
tip weight 

(Hz) 
0.7 
1 0  
1.27 
1.51 
0.44 
0.57 
0.70 
0.84 
0.97 
0.27 
0.25 
0.33 
0.31 
0.39 
0.37 
0.45 
0.43 
0.51 
0 49 
0 57 
0.55 

Adding weight to reduce the mechanical resonant fnquency. 

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

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

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

Boom flutter 
I've seen booms fluttering on several occasions. One 

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

r SUPPORT 

-BOOM RESONANCE- & 8 POUNO ELEMENTS- 

WITH SUPPORT WIRES = 
7.3Hz 

WITHOUT SUPPORT WIRES= 
0.77 HZ 

Case where boom with support is more prone to flutter. 
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Installing stiff springs in the boom support lines to damp the 
resonant frequency. 

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

Element design variations 
I've had Yagls w~th severe flutterlng problems I've also 

had Yagis with no problems at all. Those hav~ng fa~lures 
were very stiff when compared with their mass, while those 
that had no damage weren't as stiff when compared with 

El the~r mass. In Equations 1 through 4, the term - appears 
U 

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

Summary 
Elements and booms have mechan~cal resonant frequen- 

cies wh~ch can be put Into osc~llat~on by vort~ces shedd~ng 
from the tube edges There are several ways to reduce the 
Ilkellhood of a fat~gue fa~lure Damp~ng can be added to 
reduce the ampl~tude of the stress Thls would lengthen the 
l~fe of the element Addlng damplng ropes may help In mar- 
g~nal cases Other methods have been tr~ed, and there IS 

certa~nly room for lnnovat~on You can test an Idea on the 
ground to see ~f ~t w~ll reduce the Q of the mechan~cal res- 
onance by notlng the t~me ~t takes for oscillatory mot~on to 
damp out 

The most promlslng approach for mlnlmlzlng element 
fat~gue fa~lures IS to el~mlnate the orderly generat~on of vor- 
tlces The orderly format~on of vort~ces w~ll be d~srupted In 
an element whlch IS helically wound w~th a wlre To the best 
of my knowledge, th~s approach hasn't been tr~ed w~th Yag~s 
It may prove to be the most effectwe remedy for flutterlng 
elements 

There's a successful approach that's been used to el~ml- 
nate element fatlgue fallures Retunlng the resonant fre- 
quencles of an element offers a means to prevent fatlgue 
fallure by movlng the element resonances out of the shed- 
ding frequency range You can do thls by addlng small 
we~ghts At mlnlmum, the we~ghts should be added at the 
element tlps A second locat~on IS on the span of the ele- 
ment, at the polnt w~th the largest displacement durlng a 
mode 2 osclllat~on In add~tlon, when select~ng or des~gn 
Ing a Yag~, keep In m~nd that elements whlch aren't very 
st~ff In relat~on to the~r mass are less prone to v~brat~on- 
Induced fat~gue fa~lures 

Yag~ booms are also subject to vortex sheddlng and 
fatlgue fa~lures Booms w~th support wlres have been 
observed to be most prone to flutter~ng You can retune a 
boom w~th support wlres by the addlng sprlngs In llne wlth 
the wlres Thls lowers the resonant frequency of the boom 
and prevents ~t from flutterlng 
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Use ferrite beads to keep RF out of your 
TV, stereo, telephone, etc. Kit includes one 
dozen beads, one dozen toroids l/2" to 
11/4" diameter, three"split beads" and our 
helpful RFI tip sheet. Everything needed 
to fix most RFI problems. $15 + $3 ship- 
ping U.S. and Canada.7% in CA. 

Free catalog and RFI tip sheet on request 

NEW! 
The classlc "Antenna Bible" 

now In r Lhoroughly-revlsed, much-enlarged 
edltion 

ANTENNAS 
2nd edition 

by John Kraus, W8JK 
Ohlo Stale Unlverslly 

Covers both theory and ib applications to pactical 
systems. With design formulas, taMes and refer- 
ences. Over 1000 illustabons. 
'Modern, complete, a classic', Micmave Journal. 

91 7 pages. hardcover. $51.95 
Add $2.50 per book for shipping and handling U.S., 
$5.00 elsewhere. 

CYGKUS-QUASAR BOOKS 
P.O. Box 85, Powdl, Ohlo 43065 

Tel. 614-546789s 

/ 113 

INDUSTRIAL UALlTY 
REPLACEMENT 1 ATTERIES 
FOR COMMUNICATIONS 

Nickel-Cadmium.Alkaline.lithium.etc. 

Repair Packs For 
ICOM@. KENWOOD, YAESU, 
SANTEC, AZDEN, TEMPO, 

CORDLESS PHONES .... AND MORE1 

NEW! I.C.E. PACK f4gg5 

E.H. YOST & CO. 
EVERETT H. YOST KB9XI 

7344 TETIVA RD 
SAUK CITY, WI 53583 

ASK FOR OUR CATALOG 

[608] 643-3194 
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The TEMPO MPP1 
. . .a unlque new moblle data printer, includes a packet controller 

recent user test it proved to have about twice as much audio level 
range tolerance as other TNCs. It is also an ideal unit for emer- 
gency work and a commercial version is perfect for dispatching 
service, emergency and police vehicles. 

i 

I The FSTV-430, AEA's newest I 
The excrtrng FSTV-430 fast scan televrsron transcerver makes gettlng 
on ATVeasy and lnexpenslve llve ortaped Almost anyv~deo camera 
can be used S~mply plug ~t Into the FSTV-430, connect to your 70 cm 
antenna and you're on the alr Use a standard TV for recelvlng slgnals 
and, of course, an ampl~f~er will extend your range It's rel~able, port- 
able and l~gh t  we~ghtand can be used ~n-stat~on ormobrle from any 12 
VDC source The only l~cense requlred IS a technlc~an or h~gher 

ller offer~ng Morse Code, Baudot. ASCII, AMTOR, Packet, and 
lssion & Reception plus the ability to monitor the new Navtex 

I I 

Obviously, we can fill in a system that you have alreadystarted. Or we can furnish a complete system 
to fit your needs and budget. For example, here's some suggestions for the amateurjust enterting the 
exciting field of data communications, oc for the amateur who wants the best available. 

NO. 1 For the fun (and very affordable) mode, VHF Packet, AEA PK-88 with personal 
mailbox, 8K programmable memory and TCP-1 P compatability. 
For serious 20 M world-wide DXing on Packet, 200 or600-Hz sh~ft.. .add the superb 
HAL ST-7000. 

NO. 2. . .top of the line! The HAL ST-8000 or HAL ST-6000 and AEA's PK-232 

2050 S. BUNDY DR a- LOS ANGELES. CA 90025.. (21 3 )  820-1 234 
Toll free order number. (800) 877-7979 TELEX: 67-3625(Henradio) FAX (21 3) 826-7790 

J 

Ham Rad~o/August 1989 19 



THE BATTLE OF THE 
BEAMS 

By D. V. Pritchard, G4GV0, 55 Walker DL, Leigh 
on Sea, Essex SS9 3Q7; England 

s early as 1934, when Knickebein was in its infancy, 
a German scientist began to have doubts about 
,its efficiency if exposed to jamming. He was Staats- 

rat (Privy Councillor) Dr. H. Plendl of the Deutsche Ver- 
suchanstalt fijr Luftfahrt (German Aeronautical Research 
Establishment) and he began to produce designs for a new 
system for accurate blind bombing. 

Under his leadership, a new department was formed at 
Rechlin (the German equivalent of Farnborough) which 
began research in June of that year. This was in coopera- 
tion with another department led by a Dr. W. Kijhnold which 
was also engaged on beam techniques for blind landing. 
The beams of KUhnold's system, however, had an aperture 
angle of about 59 corresponding to an 8-km beamwidth 
at a range of 100 km, and were clearly unsuitable for 
accurate pinpointing of targets. Obviously a beam width 
of not more than O.1° was required and this (at that time) 
could be attained with reasonable antenna dimensions and 
suitable power only if a frequency between 66 and 77 MHz 
were employed. Accordingly, experiments were begun with 
an 80-watt transmitter designed by a Dr. Ochmann which 
was code named Bertha I ;  as this was not powerful enough 
a second was designed, Bertha 2, which delivered 500 
watts and was tunable over the required range. 

Preliminary tests carried out over Lake Mijritz near Meck- 
lenburg in 1935 resulted in ranges of only 1500 meters. Sta- 
tionary beam antennas which could be phased to swing 
through about 10' were used, and the airborne equipment 
consisted of two t.r.f. receivers developed at Rechlin and 
an analyzer for unlocking the 2000-Hz modulated dotidash 
system of the adopted and improved Knickebe~n appara- 
tus. Unfortunately, full details of both transmitter and 
receivers are no longer available. 

Wotan 1 
By 1938, the system had been greatly improved. Dr. KGh- 

nold had developed ground installations capable of easy 
dismantling and removal, with an operating cabin and 

antenna array mounted on a platform which could rotate 
through 3609 The antennas were mounted on a gantry and 
spaced at 14.75 meters (3.5 wavelengths). Originally, sim- 
ple half-wave dipoles were employed, but before long direc- 
tors and reflectors were added for extra power and range; 
these were energized with pulses at 120 per minute via a 
vacuum switch (soon replaced by a capacitor, nicknamed 
a "mill switch," designed by Dr. K. H. Fischer). The 
schematic block diagram of this system is shown in Figure 
1. A half-wave Lecher line is used in conjunction with the 
"capacity" switch and its associated inductances to pulse 
both dipoles with the required dotldash sequence. 

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

At the same time a Dr. K. Miiller set up a Mobile Research 
Unit which produced some versatile mobile stations under 
the code name Miibelwagen or "furniture vans." He was 
also responsible for the clever camouflaging of their 
antenna - a feature which was later to prove troublesome 
for British counterattacks. 

The complete system was known as Wotan 1. 

Principle of operation 
One of the 14 beams was selected to act as a director 

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

CAPACITY 
SWITCH 

I w 
MOTOR I 

Block diagram of X-Geriit feed system and capacity switch for pulsing. 

Antenna pattern of X-Gerat system. 

the disposition of all beam systems in use at that time. (In 
this series the author has concentrated only on the more 
widely known systems.) 

In practice the bombers did not fly along the director 
beam immediately after takeoff, but used either normal 
navigational methods or one of the fan beams, in order to 
present a smaller target for British radar and to try to cause 
confusion. The director beam was usually joined sometime 
after crossing the English coast. 

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

E 
C 

I3 

FLIGHT PATH ON DIRECTOR BEAM T1 OR TZ 
T3 = RESERVE BEAM 

Official German layout of the X-Gerait system. 

point, the bomber's radio operator would have consulted 
a table giving the characteristics of his particular type of 
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Irvine, CA 9271 8 

C 0 R PORAT ION (7141 458-7277 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

REGULATION 8 LOW RIPPLE at low line input Also 8 ~ l i l l h l #  wllb 220 VAC inplt rol l lg# 

5l.4 x 19 x 8'4 
5'4 X 19 X 12',2 
5'1 X 19 X 12'2 

Separate Volt and Amp Meters 

4 '7 x 8 x 9 
volt and Amp meters 
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German layout of beams showing main beams and associated fans. 

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

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

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

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

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

DIRECTOR BEAM 

0 50 100 I50 200 - 
KILOMETRES 

The X-Geriit system for Kampf-Gruppe 100. 

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

Intelligence breakthrough 
The phone shatterd Dr. I?. V. Jones's sleep in the early 

hours of a morning during the first week of September 1940. 
"We've got something new here! God knows what it is, 

but I'm sure it's something for you!" 
The excited voice of Professor Frederick "Bimbo" Nor- 

man, a cryptographer at Bletchley Park, shook Jones into 
consciousness. They had broken some new Enigma traffic 
in which radio beams were mentioned, including the infor- 
mation that the beam width was 8 to 10 seconds of arc, 
or an angle of 1:20,000, suggesting that the beam was no 
wider than about 20 meters at 320 km! 

Then came the electrifying word X-Gerat! Whatever X- 
Gerat was, it was being installed in aircraft of Kampf-Gruppe 
100, one of the Luftwaffe's crack squadrons. 

Jones hustled the intelligence services into greater 
activity. Across the Channel the Resistance organizations 
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o E . ELEKTRA 
0 S* SONNE 

+ X = WOTAN I 
x r .  WOTANII 
* Z . ZYKLOP 

Official German layout showing the disposition of all beam systems in use at that time. 

pulled out all the stops, and British Signals Intelligence Rhein, Elbe, Isal; and Oder. Evidently Kampf-Gruppe 100 
(including Voluntary Interceptors - a body of dedicated was working through a book of numbered targets, and by 
Radio Amateurs) doubled their efforts. Their activities the time the stations were identified Jones had the actual 
prompted Jones to record h ~ s  appreciation: "Our commu- directions for the beams - and even that the Germans had 
nity of Radio Amateurs in Britain was to prove an invalua- specified them to the nearest 5 seconds of arc, an accuracy 
ble reserve, both in Signals Intelligence and Signals propel; of about 10 meters at 320 km! (See Figure 7). 
as well as furnishing many of the staff for our rapidly increas- But how could such an accuracy be possible on 70 MHz7 
ing number of radar stations." 

It was that well-known Amateur of his day, Rowley Scott- The "Anna" numbers 
Farnie, G5GI, then an officer in RAF signals lntelligence Further decoded German transmissions revealed the 
and a close friend of Jones, who reported beam signals existence of coarse and fine beams, Including a mention 
from the Calais and Cherbourg areas around 70 MHz. By of centimeters. This latter, however, referred to the precision 
September 24, six beam stations were identified: two north- with which a monitoring vehicle had to be positioned to 
west of Cherbourg, three near Calais, and the last near orientate the director beam. Frequent mention of something 
Brest. The Germans had code named them Wesel; Spree, called "Anna" was made, usually associated with a num- 
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55, 60, 75, and 85. Another set of numbers gave crystal 
frequencies (typically 8750 kHz, since 8750 kHz x 8 = 
70 MHz) and he suspected that Anna referred to the dial 
on the aircraft receiver, if not the aircraft itself. Since one 
set of numbers ended in 0 or 5, and the other in 0 or 0.5, 
simple deduction showed that the Anna reading had to be 
divided by 10 and either added to, or subtracted from, a 
constant number. 

Learning from the Enigma traffic that a certaln Feldwe- 
be1 Schumann at a beam station at den Helder had signed 
a return for 3 crystals for 69.5, 70, and 71.1 MHz and that 
his station was ordered to transmit on Anna numbers 30 
and 35, it was clear that the constant had to be 66.5 if one- 
tenth of the Anna number had to be added, or 73 ~f it had 
to be subtracted. As he knew that crystals for 75 MHz 
existed, the second possibility could be dismissed; when 
he obtained further confirmation from the two crystals 
whose frequencies were not exact or half integers, the prob- 
lem was solved. Other information that emerged from the 
Anna numbers was that both the coarse and fine beams 
lay between 66.5 and 75 MHz. 

Measurement inaccuracy 
The immense value of Anna numbers was that if the trans- 

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

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

Countermeasures and counter arguments 
Cockburn's jammers came into operation in October, but 

at this time Kampf-Gruppe 100 began to drop flares over 
its targets. This was hailed by some of Jones's antagonists 
as proof that the beams didn't work, or that the Germans 
were so unsure of them that they were using flares to find 

Beam patterns of mobile X-Gerat. 

out where they were. However, Jones silenced these critics 
by pointing out that there was no evidence that Kampf- 
Gruppe 100 was upset by our countermeasures (which was 
true) and were not only using the system, but acting as path- 
finders for other Luftwaffe groups. 

Yet other problems had to be overcome. 
If the Enigma transmissions to the beam stations (usually 

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

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

The answer soon came, but not before tragedy struck. 

Moonlight Sonata 
On November 10 Jones received an Enigma decrypt of 

a transmission to the beam stations which told them to pre- 
pare operations against target numbers 51, 52, and 53, giv- 
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ing the beam settings at the same time. It took only a few 
minutes to work out that 51 was Wolverhampton, 52 was 
Birmingham, and 53 was Coventry. Then another signal 
was passed to him which contained orders for a major oper- 
ation under the code name Moonlight Sonata. Four target 
areas were mentioned but there was no indication of the 
order of the attacks. Frantic guesses were made by the Air 
Staff and the best they could come up with was that Moon- 
light Sonata might mean a target in southern England. 
Strangely, no attack had been made on Wolverhampton, 
and on November 14 everyone braced themselves for the 
coming night and whatever Moonlight Sonata might mean. 

Tragically, it was one of those afternoons when Bletchley 
Park failed to break the Enigma signals in time, and 80 Wing 
asked Jones which frequencies they should set their jam- 
mers on, giving a list of frequencies as determined by our 
monitoring aircraft. "I could see at once that the measure- 
ments must be wrong, in that they did not match up with 
the figures I knew from the Anna code. I therefore made 
a mental correction of the measurements as far as 1 could. 
For example, 68.6 should have been 68.5, ~f our receivers 
had been properly calibrated, or 70.9 should have been 
71.0. But deciding what, for example, 66.8 meant was more 
of a lottery. The only other clue that I spotted was that there 
seemed to be a convention that the director beams would 
generally be on frequencies between 66.5 and 71.5 and 
the cross-beams between 71.5 and 75 MHz - the division 
being presumably due to operational convenience. 
Remembering that we needed to knock out the main and 
reserve director beams and at least one of the cross-beams, 
I then made my mental gamble and suggested a set of fre- 
quencies to Addison which he said he would adopt. All this 
took no more than five minutes on the telephone, but I was 
well aware that in these snap decisions I was probably gam- 
bling with hundreds of lives. Sobering though this thought 
was, the fact remained that someone had to do it, and I 
was easily in the best position." 

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

Incompetence and carelessness 
The failure arose originally from a silly interservice squab- 

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

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

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

"It was one of those instances, of which 1 have since found 
many, where enormous trouble is taken to get the difficult 
parts right and then a slip-up occurs because of lack of 
attention to a seemingly trivial detail. Of all the measure- 
ments in connection with the German beams, easily the sim- 
plest to determine was the modulation note, because this 
could be done at any time in comfort; and yet whoever had 
done it had either been tone deaf or completely careless, 
and no one had ever thought of checking his measure- 
ments. I was so indignant that I said whoever had made 
such a mistake ought to have been shot." It is hard to believe 
that the citizens of Coventry would have disagreed with this 
opinion. 

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

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

Reprinted w~th permlsslon from Pract~cal W~reless, PW Publ~shlng Ltd., 
February 1988. Ed. 
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By Jim Owens, WSJQE, 20594 CR-150, Flint, Texas 
75762 with G. D. Hanchett, W2YM 

T his simple and inexpensive transistorldiode tester 
shows shorts, opens, leakage, saturation and junction 
voltaae, and relative qain or DC beta. It works on NPN 

and PNP bipolars, ~ a r l i n ~ t o n  pairs, signal and power diodes, 
and FETs with junction or insulated gates in n- or p-channel, 
depletion or enhancement types. The tester also lets you sol- 
der and unsolder delicate FETs in chassissafely, uslng an ordi- 
nary ungrounded soldering iron. In thecircuit diagram (shown 
in the off position) in Figure 1 note that the RED (+), the RED 
(-), and the black baselgate (BG) leads are all connected 
together. You simply connect the micro clips to the transistor 
terminal wires in the following order: (-)to source, (+) todrain, 
and one or both of the (BG) clips to the gate terminal(s), and 
solder. Reverse the order when disconnecting the clip leads. 
Incidentally, all designators shown in parentheses - (+)and 
(-)and (BG), for example - conform to markings on the front 
panel and in the circuit diagram. 

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

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

Testing procedures 
Try testing an NPN bipolar transistor. Set theS1-3 switch to 

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

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

How do you tell an NPN from a PNFY, Picture a 
bipolar transistor as two diodes in series. An NPN 
has its diodes back-to-back, arrows pointing out- 
ward. If you connect the (+) clip to the base and 
the (-) clip to the emitter or collector, there will be 
conduction with adrop in the meter reading. Con- 
versely, a PNP has its d~odes connected face-to- 
face, arrows pointing inward. So when you con- 
nect the (-) to the base and the (+) to the emitter 
or collector, there will be conductivity and a drop 
in the meter reading. However, if you connect the 
test clipsto a PNP asan NPN, or viceversa, there 
will be little or no conduction and the meter will 
remain at or near full scale. 

The test for a PNP bipolar is the same as for an NPN, except 
that the RED(+) clip goes to the emitter and the RED (-) clip 
to the collector. The rotation of the (BIAS) control is reversed. 
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Dual Band Afford-abilitv! 

Dual Bander 

Optional full-function remote 
controller IRC-20). 
A full-functlon remote controller using the 
Kenwood bus line may be easily connected 

The TM-701A combines two radios to the TM-701A and mounted ~n any con- 
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mately 5 second intervals. 
MHz switch. 
Lock function. 
Repeater reverse switch. 

Optional Accessories 
RC-20 Full-funct~on remote controller 
RC40 Multi-function remote controller 
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function hand mic.. MC-44DM Multi-funct~on 
hand mic. with auto-patch MC-48B 16-key 
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Schematic diagram of the diodehransistor tester. 

CAPACITORS 
C1 0.001 ceramlc 

RESISTORS 
R4, R8 10-k potentiometer (RS 271-335) 
R2,R6 1 k 
R3 2.2 k 
R5 4.7 k 
R7 10 meg 
R9 10 k 
Rl 10-k potentlometer (RS 271-1715) 

SEMICONDUCTORS 
CR1-4 IN914 
01 2N2222 (RS 276-2009) 

MISCELLANEOUS 
Meter (na  20-907 Clrcult Speclallsts) 
Case (RS 270-222) 
Knobs (RS 274-403) 
kst  leads (RS 278-016 cut In half to provide four leads) 
S1-3 four-posltlon trlple-gang swltch (10YX034 Clrcult 

Speclallsts) 

Posdble parts wppllers 
Clrcult Speclallab, Box 3047, Scottadale, Arizona 85257 
Mouaer Electronlcm, Box 699. Mandleld, Texas 76065 
DC Electronics, Box 3202, Scottadale, Arlwna 85257 
Madison Electronic Supply, 3621 Fannln, Houston, Texas 77004 

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

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

Testing J-FETs and MOSFETs 
test field-effect transistorsas you would bipolars, but place 

the S1-3 switch in the (FE) position. This puts a 10-meg resis- 
tor in series with the gate. Try ajunction gate for your first test. 
Connect the RED (-) to source, the RED (+) to drain, and one 
of the (BG) leads to the gate. Rotate the (BIAS) control from 
cutoff to saturation. As with a bipolar, thisoccurs at about 0.1 
or 0.2 volt. However, if you drive the gate intoconduction, the 
voltage at the source will drop to near zero. To test for leakage, 
readjust the (BIAS) control for a mid-scale reading and then 
switch from (FE) to (BP). There will be no change in the read- 
ing if there's no leakage. Next, test adual gate FET like the 
40673. Connect the RED (-) clip to the source substrate ter- 
minal, the RED(+)clip to thedrain terminal, and the(BG)clips 
to the gate terminals. It will saturate at the same level as the 
junction FET. Use the same test for leakage. Follow the same 
procedure for testing a single gate, but expect the saturation 
voltage to be double that of the dual gate. 
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troversy, baluns, slopers, and delta loops Practical antenna prolects that work1 
190 pages 1978 1st ed~t~on 

IMP-AH Saflbound $11.95 
Please enclose $375 for shlppcng and handllng 

HAM * 
RADIO 

GREENVILLE NH 03048 
BOOKSrORE 

(603) 878 1441 

d 

Inside view of the tester. 

Completed tester, tront panel view. 

Diodes and rectifiers 
Semiconductor manufacturers test diodes and rectifiersfor 

forward bias voltage drop (a measure of junction voltage). In 
the shop or shack, junction voltage is the best indicator of the 
character of any diode. This measurement is easy to make. 
Put switch S1-3 in the(BP) position, then connect (+) toanode 
and (-) to cathode. A zero reading indicates a short; a full- 
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Satellite TV is still full of the wondermer 
made it so popular in the early '80s. The 
tinkerers are there, the programming is 
there, and never has the cost of becoming a 
dish owner been so low. 

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

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

I America's Weekly Guide To Satellite TV 

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

I The Complete Monthly Guide To Satellite N 

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

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

To start receiving the best in satellite N 
guides and information, call toll-free 
(800) 234-0021. VISA'" and Mastercard " 
accepted. 

STV Guidetonsat I PO Box 2384 Shelby, NC 281 51 -2384 ARE ,mmunications Limited. 6 Royal parade, 
H:~~igc.r lane, Ealing, landnn W5A IET, England 

Fax 44-01-991-2565 

Tel44-01-997-4476 ~r in 



scale reading indicatesan open. Silicons read approximately 
0.6 volt and germaniums read approximately 0.3 volt. Find 
matched pairs by selecting units with near identical junction 
voltage. Junction voltage isa more reliable figureof merit than 
the common ohmmeter resistance reading, in which one 
scale belies another. 

Semiconductor manufacturers specify reverse bias diode 
leakage in microamperes. Hams talk about it in terms of 
kilohmsor megohms, because we haveonly our ohmmeters 
to assess it. Actually, the resistance measurements correlate 
quite well if they are made above the voltageor current knee. 
To perform the test, set switch S1-3 in the (DL) position, con- 
nect the (+) clip to the cathode, and one of the (BG) leads to 
the anode. Germanium diodes have reverse bias leakage 
resistances ranging from thousands to millionsof ohms. The 
usual range for rejection or acceptance lies between these 
extremes. Thiscallsfor a nonlinear meter scale, expanded on 
the high end and compressed on the low end, with a midpoint 
of about 500 kilohms. Exact readingsaren't important; a point- 
to-point table will do. (You can glue it to one side of the instru- 
ment case.) The following is a tabulation of scale readings 
versus resistance values which I made for the model. 

200 = zero ohms = full scale 
150 = 180 k = 314 scale 
100 = 560 k = 112 scale 
50 = 1 meg = 114 scale 

0.05 = 20 meg = no movement 

The high resistance point at half division is useful mostly for 
checking silicon diodes. Silicon diodes are rated at near- 
infinite resistance; any unit that barely moves the meter is tech- 
nically a reject. Compare that with agermanium IN34 which 
is acceptable with a leakage resistance as low as 100.000 
ohms. 

In-circuit testing 

It is important that an in-circuit tester be nondestructive. With 
this in mind, I like to use out-of-circuit procedures in an orderly 
system as follows: 

Connect the transistor as you would out of circuit. 
If the transistor tests OK, move on. 
If the transistor tests NG, unsolder the base or gate and 
repeat the test. 
If the transistor tests OK now, move on. If not, unsolder the 
collectoror drain, and make one final test. This one iscon- 
clusive. 
If you are testing an FET, use the solderingldesoldering 
technique described at the start of this article. 

Construction 

All wiring is point-to-point. Figure 1 is drawn to be a 
mechanical as well as an electrical diagram. Note that the 
(OFF) post on S3 is a tie point for Ql's base and R9.01 is an 
emitter-follower current amplifier which drives the meter 
directly. R9 attenuates thedrive toQ1 so thata short between 
RED (+) and (BG) makes the meter read full scale. 

I made the round panel markers from a self-stick file folder 
label. You can also use ordinary typing paper with a speck of 
glue. Mark them with a typewriter or fine-tip pen. Use a 114- 
inch punch toextract the markersfrom the label. (Rub-on let- 
tering is another possibility. Ed.) 

R8 is used to load the supply to get 2 volts between (+) and 
(-). R4 sets the meter to read full scale. There is some inter- 
action between them. Figure 1 and Detail A show switches 
S1-3 going counter-clockw~se from (OFF), as seen from the 
rear of the panel while you're dojng the wiring. From the front 
of the panel, the rotation isclockwise. Photos A and B show 
an inside view and the completed tester. 

PORTA-BEAM 
At last1 A cwnplelely portable 2 meter lhree 
element Deha loop beam Easy to set up wlth 

$84 95 no small pans to lose Low VSWR over entlre 
(F,m Ihp(ng 2 rneter band. Gain equlvalenl to a 4-element 

Yagl All elements and leed llne mth BNC 
mnneclor store lns~de a 3 ll boom An deal 
emergency antenna. backpackable (18 oz ). 
general lleld use with accessory mast Money 

SUMMITEK 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter 
Expandahlr 11, 32 Cl i .~r~n~I  by Jurl Ailrl~nq Cards 
Conl~nuouc Vol~nq 
LED Indicators ot COR and Voted S~qnals 
Bull1 In Callbrator 
Rcmole Voled lndlcalors P~nned Dul 
4 ' 0  x 6 Douhle Slded Gold Plaled 44 Ptn Card 
Remote D~sahlc lnputr 
MORE 

Built. tested and calibrated with manual 

$350.00 
Telephone ~ntertacc now ava~lable 
For more ~nformal~on call or wrlle 

MUG H A U  ELECTRONICS 
Voter Department 

815 E .  Hudson Street 
Columbus, Ohio 43211 

(614) 261-8871 
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IF YOU BUY, SELL OR COLLECT 
OLD RADIOS, YOU NEED ... 

ANTIQUE RADIO CLASSIFIED 

Classifieds - Ads for Parts & Services 
Articles - Auction Prices-Flea Market Info. 

Also: Early TV. Ham Equip., Books. Telegraph, 
Art Deco. 40's & 50's Radios & more ... 

Free 20-word ad each month. Don't miss out! 

6-Month Trial - $11. 
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Choice Selection. 
Now you can have it all! 'hke all the qualities you've come to depend on in ~ s - n z r , m c s s  e u c o r ) e ~ - r ) r : c o ~ e u  ~asedon the time proven 
our programmable C ' K S  tone equipment: Astonishing A c c u w  Instant 7332, the industry standard for over a decade. The S 3 2 P  gives you 
Ptugramming, Unequaled Rellabilty; and add full spectrum tone vwsatilit)l the added versatility of a custom, changeable memory base. A low price 
multi-tone capability without diodes, a reprogrammable memory.. .I& our new of $57.95 makes it an even sweeter deal. 
harvest of C'K!% tone equipment 55-:WIT E.:NCOI)Kf< Based on the equally popular 

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

suit ywr taste, select any 32 tones of your liking from 15.OHz to tones up to 6550.OHz. Rice is $28.95. 

255.0Hz. And if you change your mind, no problem; the mem- SS-:ES?Il3 SI'I%-?llNlrYI'l IuI: i 3 C O I ) E U  Our 
ory can be changed in your shop with our HHP-1 pmgmnmer, smallest encoder for handheld applications. Now you 
or at our factory for fnx Your working tone is accessed by a can sat& that customer that needs to access multi- 

simple DIP switch, so th& no fi~ssing with counters or other ple repeater sites with a radio that has pmious little 
space inside. At $27.95, the price is small too. 

test equipment 
Call today tollfree and find out more about thii fresh new flexi- 

IlIl1'-1 l~14NI)IlE1,1) ~ ~ U 0 ~ ; U ~ ~ ~ l ~ l K U  For 
pmgrammingthe 32 memory locations in any of 

bity in tone signalling, and don't forget to ask about multi-tone our new pmgmnmable products, including our 
switching without cumbmorne diode networks or binary switches. SD-1000 k % n e  Sequential decoder. The 

It5 all bmught to market by the people who intmduce the fresh- HHP-1 is battery operated for field use, and 
est ideas in tone signalling, and of coum our customary same day will program ANY 32 tones fmm 15.0 to 

shipping and one year wananty apply 6550.OHz in .1Hz. increments. Price is 
$199.95. iq# I%!? 

-1 

COMMUNICATIONS SPECIALISTS, INC. 
426 Wcst 'MI Avenue Orange, CA 926654296 

Local (714) 9983021 FAX (714) 974-3420 Entire U.SA. 1-80(3-85d0547 
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Sow imagine the easy t o  follo\r 1 
instructions and kit. 1 

1 For information ronbrt: 
I 

PACKET 1 / rrAmc=32m CONTROLLERS fM@ e "-- 
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The new Inboard PC-320 
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Personal Message System- the most advanced personal mail- For complele tnlo d s~ectl~calrons 
box available ... rncluded at no extra charge. Call (8131 874-2980 To Order. Call 

Toll Frw: 1-800-223-3H 1 
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------,------------------------------.I 

U PacComm 3652 West  Cypress S t ree t  Tampa. Florida 33607 Il 
I I Please send PC-320 0 TNC-320 More Information 0 FREE Catalog I 

I 
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I I 
! Address 1 
I 
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FOR 15 AND 20 METERS 
Two PV4s 
on a single 
boom 

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

ultiband antenna systems with traps, loading coils, 
or similar devices are common in Amateur Radio. 
These antennas have many distinct advantages - 

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

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

Theory 
Wilson Electronics Corporation was the most recent 

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

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

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

Design approach 
I used MlNlNEC todevelop my antenna. MlNlNEC letsyou 

alter element size and spacing until both forward gain and 
front-to-back ratios are maximized at the desired operating 
frequency and height aboveground. Actual antenna testing 
with distant observers showed that measured performance 
can even surpass computer predictions. 

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

The method required to maximize the performance of this 
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UNTENNA 'Y 

IMPEDANCE 'MATCHING 1 
New from ARRL 

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

Crystals for many 
applications 

For over 37 years. ICM has 
manufactured the flnest in 
quartz crystals for every 
conceivable purpose. 

Can we solve your 
crystal problem? 

For spec~al pclrpose 
crystals, spec~al holders. 
spec~al slzes, call our crystal 
sales department We w ~ l l  
be pleased to prov~de 
recommended data A w ~ d e  select~on of holders y 

are ava~lable to f ~ t  most any 
requirement Our computer 
database contalns crystal 
parameters for thousands of 
equ~pment types 

International Crystal 
Need crystals for Manufacturing Co., I~c .  
commun~cat~ons, telemetry. 
~ndustr~al ,  or sc~en t l f~c  PO BOX 26330 701 w Sher~dan 
appl1cat1ons7 Let ICM s \- Oklahoma C I I ~  OK 73 176-0330 

sales department asslst you Phone 14051 736-374 1 
Telex 747 147 to determ~ne whlch type of Facslrn~le 1405) 735 1904 

crystal is best for you 

42 Ham Rad~o/Augusl 1989 



I 15 AND 2 0  METER DUOBAND YAGl ANTENNA BY KN2M I 

I I 

Element name code and distance from boom center. 

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

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

data into a simple mock-up of the antenna (ignoring element 
taper) modeled in freespace. With MININEC, calculationsin 
free space are much faster than those performed over real 
ground. When you've produced a suitable design, model the 
antenna over real ground at the desired height. Once your 
design proves satisfactory, make a real model of the antenna 
with the actual taper schedule in free space. I used a BASIC 
program written by Bill Myers, KIGQ, called TAPER.2 Finally, 
model the actual antennaover real ground. At any point in the 
analysis, you can vary element location to maximize thefront- 
to-back ratio and minimize loss in forward gain. These values 
aregenerally inversely related, and give many opportunities 
for producing either a suitable design or one that becomes 
increasingly undesirable. Throughout your calculations, 
remember toaccommodate maximum gain and front-to-back 
ratios at the design frequency. 

Results 
The antenna design is shown in Figure 1. This antenna sys- 

tem is based on the PV4 antenna designed originally by the 
late Jim Lawson, W2PV. The antenna was only recently 
introduced to the general Amateur population.2 I read several 
sources before building the antenna that provided excellent 
background on construction.1 The characteristicsof thisarray 
are similar to previous descriptions in that gain is fairly con- 
stant over each band, but the front-to-back ratio peaks in a nar- 
rower frequency range. 

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

Duoband antenna electrical characteristics for 14.175 and 21.2 
MHz. 

Forward Calculated Measured Input Z 
gain FIB FIB 

20 meters 10.0 dB 25.4 dB 40 dB 19.4-122.8 
15 meters 7.9 dB 25.1 dB 35 dB 14.9-120.1 

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

Location Length 15 OD 15 Length 20 OD 20 Material 
inches inches inches inches 

Segment 1 72 1.125 72 1.125 6063T6 
0.049 wall 

Segment2 End 1.0 68 1.0 6063T6 
piece 0.049 wall 
varies 

Segment3 none none End plece 0.875 606376 
varies 0.049 wall 

Duoband antennaelement end piece length data for 14.175 and 
21.2 MHz. 

Element Length 15 Length 20 Distance to boom center 
inches inches inches 

Reflector 67.0 74.4 15-95 20-238 
Driven 
element 59.0 58 2 15-15 20-137 
Director 
no. 1 57.6 55.9 15-56 20-28 
Director 
no. 2 55.0 49.9 15-224 20-238 
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SMILE! YOU'RE ON TV 
Only 
$329 

Designed and 
built in the USA 
Value + Quality 
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 N 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; 426.25 idHz 8 properly matcnes M~rage D15, 024, 
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 ATV catalog 

1 including downconverters, transmitters, linear amps, 

I and antennas for the 70,33, & 23cm bands. 
(81 8) 447-4565 m-t  am-5:30pm pst. Visa. MC. COD . . 

P.C. ELECTRONICS Tom (WBORG) 
2522 Paxson Ln Arcadia CA 91006 Ma'yann (WB6YSS) 
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Employment opportunities 
at 

Cushcraft Corporation 

Antenna Design Engineers 
3 to 1000 MHz Range 

Enthusiastic experienced Yagi. Ornni, 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 - 

CushcraftlSignals 
48 Perimeter Road 

Manchester, NH 03103 
603-627-7877 

Construction 
Before assembling this antenna, remember to follow and 

reproduce exactly the dimensions specified by computer 
modeling (Table 3). If you don't you will get a less than optimal 
result, first noted in decreased front-to-back ratios. 

There are advantages to using this particular configuration 
with a 40-foot boom. First, this is an excellent length for the 20- 
meter band, giving 10-dBi forward gain. Shortening the boom 
sacrifices gain on the most popular HF band. Second, the 
boom material (3-inch OD 0.065-inch wall aluminum tubing) 
isavailable in 20-foot lengths. The boom halvescan be joined 
with a 3-foot piece of larger wall 2.875-inch OD tubing. 

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

As I mentioned before, there are mechanical disadvan- 
tages when using the W4 antenna. Because you use odd ele 
ment spacing, the driven element location and matching 
device are at some distance from the mast. Thisantenna also 
needs a substantial boom brace because of the number and 
spacing of elements, and the fact that PV4 antennas tend to 
havea center of gravity away from the boom center. You'll note 
that the 15-meter portion of this antenna has been moved 
towards the director end of the boom. This makes it possible 
to adjust the matching device for that band while the antenna 
is on the tower. The array also has less tendency to be reflec- 
tor heavy. 

Many of you may shy away from any antenna project that 
requiresconstruction and adjustment of a matching device. 
Because this antenna requires some reorientation during 
adjustment of the match for 20 meters, I'd like to make some 
points that should simplify these tasks. First, acalibrated noise 
bridge is invaluable for determining feedpoint resistance and 
reactance values. Second, if you use an odd multiple half- 
wavelength line for these measurements, you can even make 
them in theshack. Third, theactual feedpoint impedance may 
be measured more conveniently and w~th greater safety at a 
height lower on the tower, as it may be necessary to tilt the array 
upwards to reach and adjust the match. 

Conclusion 
Theantenna design I've presented shows how current tech- 

nology allows optimization of Yagi performance beyond previ- 
ous methods. Computer analysts now replaces most antenna 
range testing. I've used my antenna at heights of up to 1.4 to 
2 wavelengthsabwe theground. It performed well whencon- 
tacting DX stations. The front-to-back ratios, both predicted 
and measured, areextremely favorable when compared with 
commercial antennas. 

This antenna, like any multiband, has limitations. However, 
should you build one of these, you should notice definite 
improvements in band-centered gain and front-to-back ratios 
over multiband commerc~al antennas. Using a duoband 
antenna like this for the new 17 and 12-meter bands should 
give satisfying results with a single array. Q 
REFERENCES 
1 G L Hall Ed TheARRL AnlenndHandbook 15thEd1loon ArnerocanRad~oRrlay Leaque 1988 
2 W Myers The W P W  Four Flernenl Yag, OST Oclober 1'486 paqes 15 19 
3 J L L a w n  W2PV Yagr Anl€'nna Destqn Amer~can Rndlo Relay Leaque 1986 
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No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

Mark 4 in capability and features. Thaf1s words in any languages or dialect and your own voice 
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Message Masterm real speech voice alerts. Create unique ID and tail messages, and the 
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By Mark Allen, WJ7X, National Service Manage~ 
lcom America, Inc. 

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

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

The conversation drifted from topic to topic during the long 
flight, until thesubject of a DXpeditioncame up. Danny'seyes 
beamed as he asked if I might be interested In lending tech- 
nical support to a possible DXpedition to Aruba. Carl Cook, 
A16V. had talked with Dan and several other operators about 
putting the DXpedition together in an attempt to w ~ n  the 1988 
CQ Worldwide DX Phone Contest. 

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

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

About the time my enthusiam reached its peak, I was 

contribute. My contribution would 
definitely have to be my technical skills. As we left the plane in 
Seattle, Dan assured me that he would see what he could do. 

Carl called a few days later. He said there was a rumor clr- 
culatlng that I was interested in getting ~nvolved ~n his planned 
Aruba DXpedition. Without the slightest hesitation, I told him 
"absolutely." 

After a brief rundown of my techn~cal background, Carl 
decided that it would be a good idea to have me along. 
Although I didn't realize ~ t ,  my 20-year ham radlo career was 
about to change dramatically. 

Carl immediately put me to work on aserlesof challenging 
technical questions. He asked ~f I realized the range of the 
problems caused when six stations were operating simul- 
taneously in a confined geographic area. I have had quite a 
bit of experience in th~s type of s~tuation and an extensive 
career in the broadcast industry, so I wasveryfamiliar with the 
problems. However, I had never encountered anything of this 
magnitude. Carl decided that because I had experience in 
the Caribbean and Bahamas, I would also be a good person 
to coordinate our equipment shipments from the Un~ted 
States to Aruba. 

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



vide equipment for the effort and make transportation 
arrangements. In a meeting held shortly thereafter, Ron I 

rl 
Rueter, NVGZ; Daniel Handa, W7WA; John Kiesel, KE7V; Dan ! 

I 

Eskenazi, K7SS; and I had our first discussionsabout theexact 
types of equipment and station layouts we were going to use. 

.Although I didn't know it at the time, Murphy3 
Law was about to complicate our plans. 

Our equipment list included: two IC-781s three IC-761s two , 
1C-751As, seven IC-73% four IC-12AT handi-talkies, power 
supplies, microphones, and various other accessories. We 
spent the next month drawing layout diagrams for each sta- 
t~on, required antenna configurations, bandpass and band 
cutoff filters, and calculating the amount of coax cable and 
rope we'd need. Carl was a great help to us since he had coor- 
dinated such operations before and was familiar with the field 
problems involved in erecting massive numbers of antennas. 
At the last minute, Dick Ehrhorn. W4ET0, of ETOAlphaAmpli- 
fiers, offered a loan of Alpha 86 amplifiers. The group was very 
happy about this addition; it would add another couple of dB 
to our signal. 

The logistics 
By July 1, 1988, things were beginning to happen. 

Hundreds of hours had been invested in the project for plan- 
ning, drawing, replanning, and computer analysis. It was at 
this~time that-l had my first contact with Tom  chiller, NGBT, 
whose area of expertise is antennas. His prowess at optim~z- 
ing antennas absolutely amazed me! Tom and I had several 
discussions, and he ran a computer optimizing program to 
find the best antenna configurations. 

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

In the meantime, the activity at ICOM continued at a fran- 
tic pace. All theequipment being sent to Aruba was new. F~rst 
it was functionally checked for "infant" failure problems. 
ICOM's HF technician Russell Dudley, KW50, coodinated this 
effort. Every conceivable parameter was checked on the 781s 
761s 751As, and 735s. 1 began assembling spare parts kits, 
which included service manuals, owner's manuals, and parts 
that wouldn't be available in the field. 

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

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

Around the middle of August. I called Dick Ehrhorn, 
W4ETO. He ~nformed me that all the amplifiers had been 
checked, rechecked, and sh~pped to our collection point in 
Miami. I alsoconfirmed that all the tower materials, antennas, 
rope, and coax cable had also been shipped. ICOM shipped 
their equipment, and the whole project was in the hands of 
the trucking companies and UPS. 

By September lst, all the equipment had reached Miami 

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

After extensive consultations with the Miami freight com- 
pany, it wasdetermined that theequipment needed toarrive 
by October 15th; the nominal shipping time to the island of 
Aruba was three or four days. We were told: "No problem." 
Murphy laughed at our ignorance. 

A small setback 
On Monday October 17th, I received a panicked call from 

Carl. He was in Aruba, but there was no equipment waiting. 
The first call to the freight company indicated that the equip- 

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

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

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

On Friday the 21st, we discovered that thefrerght agent in 
Curaco handling our shipment was an Amateur operator. Carl 
pleaded with him and explained the problems we were hav- 
Ing. Magically, the brotherhood of Amateur Radio came 



ICOSI ~ncorp~rattd your most requested 
features with modern technology's best 
designs to produce the remarkable IC-765 
dream rig. Its combination of excellent per. 
formance and superb reliability truly open 
a nnvdimension In HFoperatingenjoyment. 
THE HF FOR TODAY'S ACrrmE AMATEUR. 

Includrs: 'Band Stacking Registers. 
Each band's 1'FO's rctain the last selected 
frequency, mode and filter choice when 
changing hands. Produces the equivalent of 
20 VFO's; two per band. Great for multiband 
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together. The shipment began arriving on the 22nd. The 
majority of it was in place by the 24th. Unfortunately, we dis- 
covered that we were still missing all of the antennas. We 
began working our way backwardsand finally discovered that 
the antennas inadvertently had not been shipped from Miami. 
We made a hasty call to American Airlinesair freight and they 
arrived on the 26th. We went to work building antennas the 
instant Carl drove in from the airport. Although we had built 
the towers on the 25th and 26th, we didn't actually get to put 
up the antennas until late Wednesday. Antennaerection con- 
tinued throughout the day on Thursday and finished the morn- 
ing of Friday the 28th, with the contest a mere twelve hours 
away! I left Seattleon the24th, planning toland in Aruba later 
that night. 

when I arrived, I found that the shipment had finally made 
it. Most of theequipment had been removed from itsshipping 
cdntainersand checked. Aside from a minor ding toan ampll- 
fier, the equipment had reached its destination in good con- 
dition - despite its detour! 

The work proceeds 
Meanwhile, all our technical plans were falling into place. 

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

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

Two 781s were ass~gned to the 40 and 80-meter positions; 
the 160-meter position had one 751A, and three 761scovered 
10, 15, and 20 meters. The 735s were used parallel to each 
position for spott~ng radios. They were connected via a relay 
network so thespotter operator could takecontrol of theampli- 
fier and antenna to grab a rare contact. 

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

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

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

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

What we thought was going to be a simple licensing proce- 
durefor our operations became a total nightmare. Problems 
with the local telecommunications agency necessitated going 
all the way to the Minister of Telecommunications. The Minis- 
ter, a most graciousgentleman, expedited our paperwork at 
an unbelievable pace. He assigned hisassistant to take care 
of our needs, and though we had gotten off toa slightly rocky 
start with the local government, our P40 licenses came 
through at the last possible minute. 

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

We spent Fr~day the 28th cautiously tunlng up amplrflers 
and radios. Amazingly enough, everything worked! The 
antennas performed as well as (and in some cases, better) 
than weexpected. We keyed up transmitters at each location, 
to check our power requ~rements and to see if the AC wring 
in the residences would stand the load. We found no problems 
with the AC power in either the HF or the LF house. 

As Friday continued, everyone performed extensive equip- 
ment checksand rechecks. I found myself running from pro- 
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ject to project, taking care of problems with flip switches, head- 
set wiring, digital voice keyers, and every other aspect of the 
operation. Since this wasa group of the world'sfinest opera- 
tors, I was hardly about to question why each one of them 
needed a different kind of headset. There were as many differ- 
ent headsets, microphones, and keyer arrangements as there 
were operators. Contest time was now just six hours away. I 
was still frantically puttlng PL-259son coax for ~ h ~ r t j ~ m p e r ~ .  
rechecking the tuning on amplifiersand interfacing headsets. 

We began our final on-the-air testing late in the afternoon 
of October 28th around 2200 Z. With one exception, all was 
operating well. Our 160 antenna was still under construction. 
W8LRL was hard at work building an antenna tuner to replace 
one that accidently got left behind. 

The contest 
By now, blood pressure readingsfor the first shift of opera- 

tors were far above safe levels. Everyone and everything was 
ready togo. It was hard to believe thecontest was finally begin- 
ning. After all the months of planning, hundreds and 
hundreds of hours of work, and monumental expense, the 
contest was on! 

Approximately two hours into the contest, the 160-meter 
antenna problems were resolved, and the 160 station got on 
the air. Dick, W4ET0, and I continually monitored the heart- 
beat of the system. Dick kept an eye on the Ehrhorn amplifiers, 
and I watched all the ICOM equipment and peripheral 
devices. 

Drck and I crossed paths when'the contest was about six 
hours along. We drscovered, to our excitement, that neither 
of us was having any equipment problems. We were amazed 
that everythrng was worklng; all the equipment was talking, 
but not to each other! We attributed the success to good 
equipment and excellent plannrng. 

I finally closed my eyes around 3:00 a.m. Saturday morn- 
ing, only to be awakened at 4:30 a.m. by Tom, NGBT, the 
on-the-air coordinating officer. He told me that the 15-meter 
station was down and nobody could figure out what was 
wrong w~th it. Ron Rueter. NVGZ, met meat the 15-meter posi- 
tion. It took two and a half minutesof troubleshooting to deter- 
mine that a coax line was open. We replaced it quickly with 
a spare line, and 15 was back on the arr. The total downtime 
wasabout six minutes. This was theonly failureof any item dur- 
ing the contest. 

By noon Sunday we hoped that the equipment would con- 
tinue to operate without failure. Tom was passing out some 
promising rnformation. Scores were stacking up impress~vely; 
they were even hlgher than we had expected. As each hour 
passed, the chances of Murphy striking agarn were reduced 
by several ordersof magnitude. It wasapparent that we were 
closing in on a new world's record. We had had a small rain 
shower and I nervously watched Bird watt meters for reflected 
power. I was sure that many of the outside connections were 
untaped - although we had tried to tape each of them. 

I'd been so busy keeprng an eye on all the equipment that 
I hadn't noticed that the support crew had put champagne 
on ice. This was a good indrcatlon they knew something that 
I d~dn't. I made a quick check with N6BT our score was run- 
ning well above what we expected. 

Flnally, ~t was over; it was hard to believe. We had run the 
whole weekend without any equipment failure. There was 
much nervous talk about the exact status of our final scoreand 
our standrng in the contest. 

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

All too soon it was time to leaveand head back home. Eight 
monthsof planning and hundredsof hoursof effort had pa~d  
off. As I stepped onto the plane to leave P40 land, I realized 
that I had been part of a world-champion DX team - a claim 
very few operators can make! 

The final score, after all was checked and duped, was 
54,864,040 points. This should surpass the old world's record 
by 12,906,796! 

4 I realized that I had been part of a world- 
! champion DX team - a claim very few 

operators can make! 

A successful contest formula 
Frequently, I'm asked what single element played the most 

important part in the success of the DXpedition. The answer 
is planning and teamwork. Theeffort could not have been suc- 
cessful without extensrve plannrng. Also, if all the members 
of the team had not worked so well together, the venture would 
have failed. 

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

The att~tude of our entire group during this DXpedition is 
best summed up by the saying on the license plates on the 
small, friendly island of Aruba. It says. "One happy island." 
We maintained our sense of humor and optimism during the 
long hoursof planning, setup, and thecontest itself. And the 
results paid off. 



THE FUTURE OF 
AMATEUR COMMUNICATIONS 
Once in a lifetime, a transceiver is intro 

duced that's so extraordinary and innova- 
tive that it opens a totally new era in HF 
communications. ICOM's pacesetting 
IC-781 proudly exhibits that hallmark 
achievement with futuristic designs and 
features of true legendary proportions. 
Whether DX'ing, contesting, pioneering new 
interests or enjoying unquestionable topof- 
the-line performance, the IC-781 is indeed 
today's standard of excellence! 

MuitCFunction Five Inch CRT. Displays 
frequencies, modes, memw contents, 
operating notes, RIT, two menu screens, plus a 
panoramic view of all signals in a selected 
range. A portion of the screen also serves as 
a display for data modes like RlTY, AMTOR. 
and PACKET. 

Unique Spectrum Scope. Continuously 
indicates all signal activities and DX pileups 
with your operatin frequency in the center. 
Selectable horizon '7 al frequency spans of 50, 

100, and 200KH.z for each side of the fre- 
quency you're listening to. Vertical range 
indicates relative signal strengths. A contes- 
ter's dream! 

Dual Width Noise Blanker Includes MCF 
filter plus level and width controls to elimi- 
nate pulse and wmdpecker noise with min- 
imum adjacent-slgnal ~nterference. 

Incomparable Filter Flexibility. 
Independent selection of wide and narrow 
SSB filters plus CW filters. Second and third 
CW IF filters are independently selectable! 

Dual Watch. Simultaneously receives two 
frequencies in the same band! Balance 
control adjusts W A/B receive strength lev- 
els. You can check additional band activity, 
even tune in your next contact, while in 
QSO without missing a single word! 

DX Rated! 150 watts of exceptionally 
clean RF output. Easily drives big amplifiers 
to maximum power. 

Twin Fussband Tuni with separate 
controls for second an 7 third IF stages! 
Increases selectivity and narrows band- 
width, independently varies low and high 
frequency response, or functions as IF shift. 
it's DX'ing Dynamite! 

A Total Communications System! 
Includes built-in 100% duty AC supply, high 
speed automatic antenna tuner, iambic 
keyer, semi-automatic or full QSK CW break- 
in to 60 wpm, Audio Peaking Filter (APF RF 
speech processor, multiscanning, 105d k 
dynamic range, all-band/all-mode receiver 
with general coverage, and much more! 

ICOM Dependability. The phenomenal 
IC-781 is built for action and backed with 
the most extensive warranty in the industry. 

See the IC-784 at your local ICOM dealer. 

- 

ICOM 
First in-communications 
COM A m &  lnc ,2380 11 6lh Avenue N E . EelW. WA 98004 
C ~ s t ~ e r  Smke H o t l l n ~  (206) 454-7619 
31 50 Premier Dnve. Sune 126 lwlng TX 75063 
1777 Phoen~x Parkway Sune X)1, Atlanta GA 30349 
ICOM CANADA. A Dlv~s~on of ICOM Amenca Inc. 
3071 - tl5 Road. Un119 Rlchrnond 0 C V6X 2T4 
Al sralea s w  hcalnons s u m  lo cna mman nohca or cbhgarn 
A f lCOM ran.os sqn~fcantli e x c m  F?requlalms hmnlq ~xrn0u9 



WINNING THE WORLD OVER! 
Over 50 million points and 

20,000 SSB contacts in 48 
hours. That's what TEAM 
ICOM's operation from Arubd 
P40V achieved during the 1988 
CQ DX Contest setting a new 
all-time world record. Their 
incredible CW performance four 
weeks later was an overwhelming 
success ... P40V's combined 
scores resulted in the highest 
SSB/CW contest score ever 
recorded! 

Unbelievable? Not really. They 
used ICOM HF transceivers, the 
finest quality and most reliable 
radios available today. 

"Tht,  ICOJl rarllos p t ~ ~ / ~ r m e ~ ~ / 1 ~ i 1 ~ ~ 1 ~ : ~ ~ 1 ~ .  I1  
ttlas a thrill to ojc'r(itltc rclith slrrh a great 
groilp q/contrstors. J!J thanks o n  lo ~ a c h  
and pl1pv ont3 oi lhcm and to I ! O h f f o r  
helping makr, i f  possible." curl h k ,  A16V 

"The  IC-781 is a great radio, especial(v for 
sblit obfrafion on 75 meters. I f  i eas\l to  sf. 

i liked lhf  1C'-761 so tnlrrh I'm blcph one. " 
Dale Green, &E ?SV 

TEAM ICOM's record-setting 
operation was sup rted by the 
same IC-781 and I to -735 HF 
transceivers chosen by leading 
contesters and DX'ers around 
the world. Their demands for 
high intermod immunity, low 
noise reception and superior 
transmitted signal quality are 
standard design features 
incorporated in all ICOM HF 
transceivers,including the new 
IC-765 and IC-725. Naturally, all 
ICOM HF transceivers are 
confidently backed with a one- 
year full service warranty! 
ICOM: Winning the World Over! 

TEAM  OM 
COM Arnenca Inc.. 2380-116lh Ave. N E., Bellevue. WA 98004 
C u s t m r  Service Hotline (206) 454-7619 
3150 Premter Drwe. Surte 126, lrv~ng. TX 75063 1 
1777 Phcen~x Parkway. Sulle 201, Atlanta GA 30349 
ICOM CANADA. A DIVISKX~ of ICOM Amma 11% 
3071 - It5 Road. Unit 9, Rtchmond. 0 C V6X 2T4 Canada 
All s a w  spe~~hcatms are s@ed lo change wmrml nollce a 
obltgal~on ARUBA389 
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SUBSCRIBE AND RENEW 

TOLL-FREE 

I 3 YRS - $49.95 I 
' Prices U.S. only 

. . .  I-] 
fl MASTERCARD - 
~ S A  BILL ME 

Please have your charge card ready. 

- - -  - 

Weekdays 8 AM - 9 PM EST 
Saturdays 9 AM - 5 PM EST 

IN MAINE CALL COLLECT (207) 236-2896 

OUR 800 NUMBER IS FOR SUBSCRlPTlON ORDERS ONLY! 

For Errors or Change of Address 
CALL ham radio direct at 
(603) 878-1 44 1 8-5 EST 

New From 

ORION 

'OTATOR! THL 4 1  

DR-2300 (Prototype shown) 
Introducing a new generation in rotators! 
Orion's intense research and development has 
produced a rotator for today and into the 
Twenty First Century. 

HIGH PERFORMANCE FEATURES 

Proven Worm Gear Drive 
Compact-Fits Popular Towers 
Flex-Mount 
Built-In Thrust Bearing 
Massive Mast Clamps 
Standard Hole Pattern 
Self-centering Guide 
Stainless Steel Hardware 
Made In U.S.A. 
1 Year Warranty 
35 Square Feet 
Easy Reading Control Box 

AND MORE! 

For More Details Contact Your 
Local Dealer Or Orion 

e :?i';%'ss 
INTERNATIONAL, INC. 

TM 

P.O. Box 9577 Canoga Park. CA 91 309 USA 
Tel: (818) 888-4927 Fox: (818) 888-51 12 Telex: 697-4890 

L 
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Bill Or[ W6SAI 

THE GAMMA 
MATCH: AN UPDATE 
When the88 to 108-MHz FM broadcast 
band was authorized shortly after World 
War II, aVHF transmitting antenna uslng 
an off-center feed system was intro- 
duced. Adapted for Amateur use, the 
system was termed the "gamma match" 
and was featured in QST, September 
1949. The builder, H. Washburn, 

Ham Radio 
Techniaues 

based upon W71TB's analysis and 
designed for the Apple I[+. It can be 
modified to workequally well with many 
microcomputers.3 

I put the program to use designing a 
gamma match for a three-element, 10- 
meter Yagi. I took beam dimensions 
from my Beam Antenna H a n d b ~ o k . ~  

Design frequency was 28.5 MHz. I 
planned to use a 1-inch diameter ele- 
ment, a 114-inch diameter gamma rod, 
3-inch center-to-center spacing, and a 
100-pF serles capacitor (refer to Figure 
3). Feedpoint impedance was esti- 
mated to be 18 ohms and I wanted to 
match to a 50-ohm line. When I plugged 
these values into the computer pro- 
gram, it indicated a gamma rod length 
of 22 inches and aseriescapacitance of 
180 pF. 

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

arrangement is shown in Figure 1. 
Several other antenna experimenters 

and I worked with the W3MTE gamma 
match. We soon determined that to 
lower the SWR appreciably below 2:1 a 
variable capacitor had to be placed In 
series with the gamma rod (see Figure 
2). 

Little information was available on 
optimum rod-to-antenna spacing, rod 
length, or rod diameter. It was strictly a 
cut-and-try situation. Some Amateurs 
had good luck with the device; others 
couldn't get it to work. The gamma 
match soon got the reputation asa tricky 
device that was hard to adjust. In time, 
it became apparent that the gamma rod 
had to be small in diameter compared 
with the driven element, and that the 
spacing of the gamma rod to the ele- 
ment had to be quite large compared 
with rod diameter, in order to make the 
system work properly. 

Some attempts were made to analyze 
the gamma match using transmission 
lineequations. But it wasn't until Harold 
Tolles, W7ITB, analyzed the device' that 
a computer program was der~ved that 
would predict gamma dimensions 
accurately for a particular antenna.2 

The gamma match program 
The gamma program, written in 

BASIC by Richard Nelson, WBBIKN, is 

I Dimensions of the gamma match beam at WSMTE. 

REFLECTOR 
17 '3"  LONG 

m LONG- WIRE 
ANTENNA 

TERMINAL 
STRIP ON RCVR 

C1- l5OpF VARIABLE I 

SINGLE-ENDED 
I 

FINAL TANK 

C Z -  l4OpF MIDGET VARIABLE 

I L1- 5 TURNS CLOSE WOUND 
SAME DIAMETER AS FINAL TANK 

S l -  OPDT CERAMIC WAFER-TYPE SWITCH 

The early gamma match described by W3MTE (OST, September 1948). 
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Early Radio Handbook shows series gamma capacitor and approximate dimensions for 
aamma match. 

I I 

E (dl)  DRIVEN ELEMENT- I 

, , , 
Id2) GAMMA ROD - dl /dz = 4 

W6SAi's 10-meter gamma match. Diameter dl = one inch, d2 = 114 inch. Center-to-center 
spacing = 3 inches. 

should be about 0.04 wavelength long. 
For the 10-meter band, this worksoutto 
acapacitor of 60 pF and a rod length of 
about 16 inches. To back up my 
assumption, I found a commercially 
produced 10-meter beam with substan- 
tially the same dimensions as my 
deslgn, using a 19-lnch gamma rod and 
a 45-pFcapacitor. Not too close, but a lot 
closer than the answer ground out by 
the computer program! 

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

Gamma match computation 
I found the answer to the puzzle in a 

short remark(almost an afterthought) In 
the text of the W71TB computer program 
art~cle.' Harold worked out gamma 
dimensions for a sample antenna and 
then mentioned that if the drive point 
impedance of the antenna had capaci- 
tive reactance, the value of the gamma 
capacitor would decrease, as would the 
length of the gamma rod. Armed with 

this morsel of information, I read the 
WBOIKN computer program again. At 
the end of the article the author men- 
boned that a smaller gamma capacitor 
may be used if radiator reactance IS 

made capacitive (negative) by reducing 
its overall length. 

Aha! Here wasthe missing clue. With 
a given value of dr~ve po~nt resistance, 
and a glven gamma to driven element 
spacing, what would happen to the rod 
length and series capacitance values 
when different amounts of negative 
reactance were introduced Into the 
driven element? 

Varying the driven 
element reactance 

For a glven frequency, an antenna 
element may exhibit either positive or 
negatlve reactance at ~ts drive point 
when the antenna is simply made 
longer or shorter than the resonant 
length. Shortening the element 
produces negative reactance; that's 
what I was interested in! I reran the 
WB0lKN program, plugging in various 

NEW No Tune Microwave 
Linear Converters 

Board level RX/TX transverter modules and 
local oscillator klt or assembled/tested 
Linear operation allows all modes, ATV. 
SSB, D~gltal, Packet, FM 
Ava~lable for 903,1269,1296,2304,3456 MHz 

COMPLETE KITS 
SHF 900 K w ~ t h  ~ntegral LO for 902 MHz $110 
SHF 1240 K for 1240-1300 MHz - speclfy 

1269 or 1296 base $135 
SHF 2304 K for 2300-2450 MHz - MODE S 

downl~nk package ava~lable $185 
SHF 3456 K for 3456 MHz $185 
SHF-LO LO k ~ t  only, w~ th  XTL, 540-580 

MHz. +10 - +14 dBrn out $ 60 
Call or wnte lor detarls on cornplete (ransverters and ophonr 

SHF Syrlems D Down rasl  Mtcrowave 
I' 0 Ruk Iddl 11<1x 21111 RIW1 

Naahua N l l  l l l l b l  Troy  Mt 04LlH7 
(6091 671 1 1 1 3  i?l l7i '418 1741 

lohn Molnar WAY n)  I3111 Olvm W11101 

DOWN EAST MICROWAVE 

MICROWAVE ANTENNAS AND EQUIPMENT 
Loop Yagla Power DMden L lnur  Arnpllflen 9 Complete 

A m y r  . Mlcmwavb Tnnrvbrtbn GaA1 FET Preamps 
TROPO EME .Waak Slgnrl OSCAR 902 1269 1296 
2304 2400 3456 MHz 

2345LY 45.1 IoopYmgl 1206MHz 2OdBl S99 
1345LY 45.1 IwpYmgl 2304MHz 20dBI SBO 
3333LY 33.1 loopYmg1 OOZMHz 18.5dBI $99 
Above antsnnss ssmb(ed and lestnd K l l  avmlable 
~d $a UPS stn $1 1 worn 01 the M~SSISSIPPI 

MICROVAVE LINEAR AMPLIFIERS SSB, 
A N .  REPEATER, OSCAR 

2318PA lwln law out 1240-1300MHx 13.8V $265 
2335 PA low In 35w oul 1240.1300 MHz 13.8V $315 
3318 PA 1- In ?Ow out 000-930 MHz 13.8V $265 
3335 PA low In 4Ow out 900-930 MHz 13.8V $320 
23LNA prnmp 0.768 N.F. 1296 MHz $ 90 
33LNA prmmmp 0.0dB N.F. 902 MHz S 90 

M d  D I  .hlpplng UPSOB 
U I W  11mb1304YH.I-rvbrkIUln~locl 

mlwh.ac,,* 

DOWNEASTMICROWE 
Blll OlSOn, W3HQT 

Box 2310, RR 1. Troy. ME 04987 
(207) 948-3741 

MOVING? 
Let circulation know 
60 days in advance. 

Ham Radio 
Greenville, NH 03048-0498 
603-678-1441 
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The plot shows that the seriescapac- 
itance value peaks at the element reso- 
nant frequency Q=0) and decreases in 
value either side of resonance. The 
length of the gamma rod, however, fol- 
lows a different curve. It exhibits the 
shortest length when the antenna 
exhibits negative reactance (-j15). 

A practical gamma match system 
(one that can be built cheaply and 
adjusted easily) calls for the shortest 
gamma rod and the least amount of 
capacitance. It's no fun to hang from the 
top of a tower and try to adjust a gamma 
rod whose shorting bar isn't quite within 
reach! 

You can build asmall gammacapac- 
itor inexpensively with a coaxial gamma 
rod that hasthe inner conductor serving 
as one capacitance element as shown 
in Figure 5. 

In my case, a 22-inch adjustable 
gamma rod would work over a range of 
antenna reactance from jO to -150. 
However, as the antenna element 
approached resonance, the value of the 
gamma capacitance rose sharply, and 
the coaxial rod length didn't provide 
sufficient capacitance. From the plot, it 
was obvious that the designer of the 
manufactured antenna had cut his 
driven element shorter than resonance 
to provide a negative value 
of reactance (about -j30 ohms) in order 
to have reasonable gamma dirnen- 
sions. 

Gamma rod spacing 

My next question was: what is the 
effect on gamma dimensions when 
element-to-rod spaclng is varied? I used 
the computer program for the 10-meter 
beam element diameters; the results are 
summarized in Table 1. Rod length com- 
pared with spacing is given for four 
values of antenna reactance: j=O (reso- 
nance), j=-15, j=-30andj=-50ohms. 

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

Gamma capacitance increases with 
element-to-gamma spaclng, and 
decreases as the driven element 
exhib~ts greater values of negative reac- 
tance. Practical (small) values of capac- 

d l  = 1 in .  
d 2  = l / 4  i n .  
z = 18.Q 

2 0 0  - 

1 8 0  - 

CAPACI TANCE 
160 - - e ( U S E  LEFT SCALE) 

$ 140 - 

2 1 2 0  - 
2 

I (USE RIGHT 

2 0  I I I I 
I I I 

0 I I I 0 - 5 0  - 4 0  - 30 - 2 0  -10 0 + I 0  + 2 0  

DRIVEN ELEMENT REACTANCE l j  I 

Graph for determining design lengths of the gamma match. 

I +CENTER CONDUCTOR OF RG-BA/U  \--3/8" DIAMETER 

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

Various gamma and series capacitance values for different length driven elements. 

i Spacing Rod Length Capacitance 
inches inches PF 

10 1 39 83 
2 25 145 
3 23 180 
4 22 212 

-115 1 33.5 57 
2 15 80 
3 12 95 
4 11  105 

- 130 1 36 24 
2 18 3 1 
3 13 52 
4 12 58 

- 150 1 36 22 
2 22 3 1 
3 20.5 32 
4 17 35 

itance are reached in the reactive region length providing a negative reactance 
between -130 and -j50. of 30 to 50 ohms. 

~ecause- shortening the dr~ven ele- 
ment has minimal effect on beam perfor- Element shortening 
mance, it would be helpful to choose a How much physical shortening is 
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HF Equlprnmnt 
IC-781 Super Deluxe HF Aig 
lC.765 New. Loaded with Features 
IC.735 Gen. Cvg Xcvr 
IC -751~  Gen. Cvg Xcvr 
lC-725 New Ultra.Compact Xcvr 
IC.575A 10m16m Xcvr 

Rocelvers 
IC-I37000 25-1300 +MHz Rcvr 
IC-R71A 100 kHz-30 MHz Rcvr 

VHF 
IC-22BAIH New 25145~ Mobiles 
IC.275AIH 501100w All Mode Base 
IC-2EAIH 25145~. FM Mobtles 
IC-2GAT. New 7w HT 
IC-2SA New Micro Sized HT 
IC-900S1x Band Mobile 
IC-901 New Remote Mount Moblle 

UHF 
IC.475AIH 25175~ All Modes 
IC-4BA FM Mobile 25w 

June 
Call S 
Call S 
Call S 
Call S 
Call S 
Call S 

Cell S 
Call S 

Call S 
Call S 
Call S 
Call S 
Call S 
Call S 
Calls 

Call S 
Call S 

HF Equipment 
TS-94OSIAT Gen. Cvg Xcvr 
TS.44OSIAT Gen. Cvg Xcvr 
TS.14OS Compact. Gen Cvg Xcvr 
TS880S HF Plus 6m Xcvr 
TL.922A HF Amp 

Rocmlvm 
R-5000 100 kHz.30 MHz 
R.2000 150 kHz.30 MHz 
RZ I Compact Scanning Recv 

VHF 
TS.71 (A All Mode Ease 25w 
TR-751A All Mode Moblle 25w 
TM-23lA Mobile 50w FM 
TH-215A.2m HT Has It All 
TH-25AT 5w Pockel HT NEW 
TM-721A Zm170cm. FM. Moblle 
TM.621 2m1220. FM. Moblle 
TM.701A 25w. 2m1440 Mobile 
TH.75A 2m170cm HT 

LIat Junr 
52499.95 Call S 

1449.95 Call S 
949.95 Call S 

114995 Calls 
174995 Calls 

1049.95 Call S 
79995 Call S 
599 95 Call S 

1059.95 Call S 
669.95 Call S 
45995 Call S 
399 95 Call S 
369.95 Call S 
729 95 Call S 
72995 Call S 
599 95 Call S 
549.95 Call S 

I IC.4GAT. New 6w HT 44995 Call S 
lCO4AT FM HT 
IC.32AT Dual Band Handheld 

::: 2 : ::.*: 1A All Mode Ease 25. I 1.265.95 Call S 

IC-3210 Dual Band Mobile 
739 00 Call TR-B51A 25w SSBIFM 771.95 Call S 

IC.2500A FM. 44011.2 GHz Mobile 
999 00 Call TM.431A Compact FM 35w Moblle 469.95 Call S 

TH.45AT 5w Pocket HT NEW 389.95 Call S 

I 220 MHZ I 
TH.55AT 1.2 GHz HT 524.95 Call S 

IC.375A All.Mode, 25w, Base Sta. 1399 00 Call S TM.531A Compact 1.2 GHz Mobile 569 95 Call S 
IC-38A 25w FM Xcvr 489.00 Call S 220MnZ 
IC-37A FM Mobile 25w 499.00 Call TM-3530A FM 220 MHz 25w 519.95 Call S 

TM.321A Compact 25w Mobile 469.95 Call S 
52995 cal l  s I TH.31.A Full Featured 2 5w ti. 419.95 Call S 

I Call For These Quality Brand Names 

I /W A L ~ M ~ ~ ~ ~ ~ ~ O N  WKantronics MFJ rbona 
I N S T A N T  C R E D I T  W I T H  I C O M  P R E F E R R E D  

C U S T O M E R  C A R D  1.  

HF Equipment 
FT-747 GX New Economical 
Performer 
FT-757 GX II Gen. Cvg Xcvr 
FT-7674 Band New 
FL.7000 15m.160m Solid State Amp 

Rocelvers 
FRG-88M) 150 kHz. 30 MHz 
FRG.960060-905 MHz 

VHF 
FT-411 New 2m "Loaded" HT 
Fl.212RH New 2m, 45w mobile 
FT-290R AII Mode Portable 
FT-23 R l lT  Mini HT 

UHF 
FT.712RH. 70cm. 35w mobile 

VHFNHF Full Duplmx 
FT-736R. New All Mode. 2m170cm 
FEX.736-506m. l o w  Module 
FEX-736.220 220 MHz. 25w Module 
FEX-736.1.2 I.2GHz. l o w  Module 
FT890R MKII. 6m. All Mode, port. 

Dual Bander 
FT.4700RH. 2ml440 Mobile 
FT.470 Compact 2m170cm Mobile 

Repealers 
FTR.2410 2m Repeaters 
FTR-5410 70cm Repeaters 

5889.95 Call S 
1129.95 Call S 
192900 Call S 
1995.00 Call S 

759.95 Call S 
69995 Call S 

39995 Call S 
45995 Call S 
59995 Calls 
344 95 Call S 

174995 Call S 
259.95 Call S 
279.95 Call S 
539.95 Call S 
569 95 Call S 

889.00 Call S 
559.95 Call S 

1269.95 Call S 
1289.95 Call S 

ICOM ICOM 
IC-47A IC-l2AT 

4 4 0  M H z .  25W.  Mobile 1.2 G H z  FM. H T  

NOW $279.95 SALE $339.95 
L i s t  $549.00 L I S T  $473.95 

LIMITED QUANTITIES - I 

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

YAESU FT-311 RM 
220 MHz FM Transceiver 25W15W 

~ i s t  $439.95 NOW $249.95 

' 1989 U.S. CALL DIRECTORY 
(on microfiche) 

Call Directory - b y  cal ls ign .................... $8 
N a m e  lndex  - by last  name ................... $8 
Geographic lndex  - by statelcity ............ $8 

Al l  three - $20 
$3 shipping per o rder  

BUCKMASTER PUBLISHING 
R o u t e  3, B o x  5 6  

Mineral, V l r g i n i a  231 17 
7031894-5777 v l s a l m c  8001282-5828 

choke 
ELIMINATI.:S I IY IN'TERFERENCE IN: T V  sets 
Radios. HI-FI .  I'A sys~c~rns. Telephones. VCKs. , ~ e d  
uluipmenl, n u r  Idr and Fire alarms. Modem\, Momtors, 
Computers, ~<a!io and .l.V stalions. etc. 
W S Y  TO USE: fits over and snaps onto small, lar c and 

1 r ibbon cables. N o  need to rewire wnncclors. l)lnique, 
split f cn i l c  core design fils u p  l o  RGHU coax cables. 

W O R K S  I N  'COMMON MODE', filters current in. 
ducctl i n  t l ~ c  bra id of shielded c ~ b l e s  and ground wircsl 

S p l m l  turltr mnt r r la l  cKcctivc 05 - 200 M H z  

DOTS N O T V O I I )  EOUIPAIENT W A R R A ! !  
Avrrildt,b mni arrr clctrlrr 
"t d t r  2 x 1  {m: 

computeradio 
Uox XL Pinc Rrook, NI OM9 $12.99 
Tel: (201) 127-0712 

Send pc~srnul cherk wit11 ordcr. we s11il1 same day First 
Class. JBday mortcy bock wnrrcmfy. (I~tuufrfv clisa.,.~rnfr. 

r /  145 

NO TUNERS! 
NO RADIALS! 

NO RESISTORS! 
NO COMPROMISE! 

FOUR EXCELLENT REVIEWS JUST 
DON'T HAPPEN BY CHANCE. 

CALL US FOR A FREE CATALOGUE. 
'See review i n  Oc t .  73, 1984 'Sept. 73, 1985 

'March 73. 1986 'Dec. 88. CQ 

BlLAL COMPANY 
,@ 137 Manchester Dr. 

Florissant, Colo. 80816 
(71 9) 687-0650 



DIAM. = ONE inch 

so r tance decreases by3 p ~ f r o m  the values 
determined for a feedpoint value of 18 
ohms. This indicates that the actual - 

~l 
feedpoint resistance isn't critical, and 

85 - that the feedpoint values given in the 
$ 
lu literature for multi-element Yagi beams 
9 hold well for use in the gamma com- 
2 I puter program. 
2 80 

The length of the gamma rod with a shorter than resonant driven element (-PO) is nearly 
Independent of gamma rod dlameter. 

I 
I 

2 -t6% SHORT I I 
I. - (- 11 1/2 i n . )  1 I 
t I I 
$ I I 
lu 

75 - I I 
I I 
I I 
I I 
I I 
I I 

70 " ' L ~ ' ' ' ' ' ' ' ' ' ' ' l ' ' ' ' ' l ' ' ' ' ' ' L  
-50 -40 -30 -20 -10 0 +10 

REACTANCE / j  ) 

required to provide a reactance of -30 
to -50 ohms? It depends upon the ratio 
of element length to diameter. Such 
ratios have been computed and meas- 
ured,5and asimplified plot for a length- 
to-diameter ratio of 200 is shown in Fig- 
ure 6. This corresponds to 2 1-inch 
diameter element at 28.5 MHz. To 
achieve a reactance value of -j30, you 
must shorten the driven element about 
7 inches (tip to tip). For a reactance of 
-j50, you'll need a shortening of 11.5 
inches. 

Gamma rod diameter 
The computer program provides 

interesting information about gamma 
rod diameters (see Figures 7 and 8). 
The curves show the importance of hav- 
Ing a shorter than resonant driven ele- 
ment. With the -j30 element length, 
gamma rod length changesless than 2 
inches as the rod diameter is varied from 
0.05 to 0.5 inches. The gamma capacl- 
tor, given the same rod diameters, varies 

Drive point impedance and 
element length 

What happenstothe 18-ohm figure if 
the driven element has a drive point 
value of 18 ohms at resonance and is 
shortened to provide a negative reac- 
tance? It decreases in value. The reduc- 
tion depends upon the amount of short- 
ening and the element diameter, as 
discussed previously. Assuming that the 
new resistance value is 15 ohms at a 
reactance value of -j50, acomputer run 

Tip-to-tip shortening required for various values of driven element reactance for 1-inch 36 65 pE When the driven 
dlameter element. ment is resonant, the values of rod 

l e n ~ t h  and series capacitance vary 

- , - -. . . - - . . - . . . . - . . - . . - - . . . . . -, . . . . 

gamma match work. 

Frequency scaling 
If all the dimensions of a 28.5-MHz 

beam and gamma match system are 
doubled, the computed results will be 
identical at half the frequency - or 14.25 
MHz. This scaling isn't practical for my 
10-meter beam; it would result in a 20- 
meter driven element diameter of 2 
inches. I prefer adiameter of about 1.25 
inches, all else being equal. I would 
probably also build a tapered element. 
The gamma match computer program 
doesn't consider this element, but there 
are programs that compute an equiva- 
lent element length for a tapered ele- 
ment.6Th1sequivalentelementcan then 
be used with the gamma program once 
its length is readjusted to provide a reac- 
tive termmation. Someday the Yagi com- 
puter program will be modified for fre- 
quency scaling. It will also 
accommodate the gamma match, as 
well as other matching systems requir- 
ing adjustment of the driven element 
length. 

Is there pattern distortion 
with the gamma match? 

The gamma match feeds only half the 
driven element. What happens to vol- 
tages and currents in the other half? 
Does the unbalanced feed system 
upset the beam pattern? Tests run by 
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It's a lesson you learn very early in life. Many can be good, some may be better, but only one can be 
the best. The PK-232 is the best multi-mode data controller you can buy. 

1 Versatility 
The PK-232 should be listed in 

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

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

PC' Pakratt Packet TX/RX Display 

PC". 

!d - -. 
r C 5 

Facsimile Screen Display 

2 Software Support 
While you can use most modem 

or communications programs with 
the PK-232, AEA has two very spe- 
cial packages available exclusively 
for the PK-232 .... PC Pakratt with 
Fax for IRM PC and compatible 
computers, and Com Pakratt with 
Fax ibr the Commodore 64 and 128. 

Each package includes a terminal 
program with split screen display, 
QSO buffer. disk storage of received 
data. and printer operation, and a 
second program for transmis- 
sionlreception and screen display of 
facsimile signals. The IBM 
programs are on 5 114" disk and the 
Commodore programs are plug-in 
ROM cartridges. 

3 Proven Winner 
No matter what computer or ter- 

minal you plan to use, the PK-232 is 
the best choice for a multi-mode 
data controller. Over 20,000 
amateurs around the world have on- 
air tested the PK-232 for you. They, 
along with mosr major U.S. amateur 
magazines, have reviewed the PK- 
232 and found it to' be a good value 
and excellent addition to the ham 
station. 

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

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

Advanced Electronic 
Applications, Inc. 

PO. Rox C-2 160 
Lynnwood, WA 98036 

206-775-7373 

AEA Retail $41 5.95 

Amateur Net $349.95 



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 

N r w  lrorn IC 781 I r . i t l v~ .  *,irrlt!d 
K r r iwua l  TH215A. THPSAT Irdtl<' t i ,  yclftr 1Cd H I  
IS440 SlAT CCIII 

# .  ... : . : #  Call lor lrndr 
P i ,  n i . . . . n ,~ , , r  i h l  '.: . , I  I ,  Call 
I( ( IhA . ' , ' t i t i  1 I M  449 00 

TS 7WA S o w r a l  2 Melt , ' . ,. : 
I 7 G11, Of111on Av.~,lnhl<~ (,,III 
Icnnr 71;s 7695 00 
Kr~tlwnrxi MC GOA + Hell HC 5 r;irl!~dqe 150 00 
I ro tn  IC 775 79') 00 
NYI- MRSA I o n ~ r  5611 0 0  
Al[)h;1 [)rbll,i Trnns!lrayl HV .I:$ 00 
C:;l l'rlvdlr Pnlch V 4H9 00 
Arnrco PT 3 PIP Amp 9Y00  
Larsrn 7 mcler on glass 49 95 
A~llrco, lM 518 May Mounl Cornp 25 00 
V.I~I Gortlnrl W~r,dc,,n WA? 44 0 0  
R8rcl 4 3  r lrvn~!nlY~.lcxk CAII 
Illor~s;lrirls 01 [ land rnrlerc 3 95 (11, CALL 
R r l d r ~ t  !Ic) 13 R?67 H? 14 S11x:k Call 
MICA C;~~~ac i lor \  C.111 
Arw.1.1 SWf1 R r l d r l ~ 3  30 MH? 19 95 
ROISP P1.258 Sflverflalr (Arnpllrnol) 1 5 0  
H7 G I N Mal r  IAm[>heno(l 3 50 
H;' ;'I17 1001, N M.11r (991.1) 3 50 
I)o18t>lr Frr!l;llr U t i i  1 00 
UGI 71; flGRX each 40 
Sur!'llt<; I Ilx>w PL759 50739 r;ictr $1 
f l oc r~ ! v~ r i ~ l  Ilrl,rs 50 'K)"~I oll  Its1 p r ~ c r  C.111 
S,lnlrr R,x~ni M~ko/ t l~ .~ [ l . ;~ l  (Ills ICOM) 20 00 
STlll'H 
I?F Amp Mrlcrs $ 15 l o  $30 each 
:'5 pC IOKV DoorhnobC.ip 5 00 
Thrn,~~ Mikr  (nrw rrul s t r r ~ l u ~ l  5 00 
ANRt1 I IiOOIl Hr~adphorir~~: (nrw l r l l l  SIIIPIIIS) 5 OU 
N r *  [Irrrin Urllls 1ejf 5.~1t1 
K r ~ i w w x l  R 5000 849 00 
USED EQUIPMENT 
All I,I~~IIOI~II~,I IJ..P~I (~Iri l r t  wilt? 90 clay ~ ~ l r r a ~ i l y  i l r ~ d  30 
CI,IV 111ilI 58, ~~IucIII!~ lull lrttck, ,ic];+~risl IIFW c ~ l ~ ~ ~ [ ~ w 1 1 ? 1 ~ 1  S;lIr 
l i r lcr rrlurlcled I: 1x01 s;if~sl!ed 

(8001 73 1 3057 

POLICIES 
M,~,~rruirn order $10 00 Maslerc;~r~l VISA, or C 0 D All prc- 
f i l R  t lo~mlorl  c r c rp l as r r~ l c~d  l'rr:~s~rt~yrlloctianyrwdhmil 
r lo lc r  I l ~ ~ r ! ! ~ s u l ~ ~ ~ l l o ~ ) r n f % ~ l r ~  C;111,~nyl~m~I~~chM'kIl~r~l.~lus 
n l  yor~t ordrr Ic~x,~s restdmls n d ~ l  s;,lo!. lax All #terns lull lac 
lory warr;lnly plus Mnci8zr1rl warr,inly 
Blrd and Belden products In stock. Call today. 

OIAM *ONE INCH 
1 = 2 8 . 5 M H z  

0 1 
0 50  100 150 2 0 0  250  300  

GAMMA CAPACITANCE /OF)  

Gamma capacitance Is nearly Independent of gamma length when shofler then resonant 
drlven element (-130) Is used. 

Katashi Nose, KHGIJ, show that voltage 
at the drlven element tips of a 20-meter 
Yagi isn't equal when a gamma match is 
used.' Even so, the azimuth pattern 
seemed balanced. Nose concluded 
that thevoltage imbalancewasn't impor- 
tant. 

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

Gamma match summary 

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

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

Electric stove RFI! 
(What next?) 

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

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

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

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

62 Ham Radro/August 1989 fl 149 



MASTER WCKET RADIO: t h e  hands on guide 
by Dave Ingraham, K 4 W J  
Apwals lo all levels of packet fadlo enthus~asls ham novices l o  
experts al~ke Full 01 ~llustrat~ons and wrlnen In a slmple, easy-te 
understand style Tqncs covered ~nclude a bawc pnmr, home c m  
pulers and data communlcattons terminals, a survey o l  equlpmenl 
avallable how tosetupastatlon plusmuch more 208pages 11988 
1st edlllon 
1 122567 SoRbound $12.95 

YOUR GATEWAY TO PACKEf RADIO 
by Stan Honepa. WAILOU 
Regtnners will llnd the complete eaq-to-understand explanabm 
el~m~nate many of Ihe frustrating aspects o l  packet operabon Full 
01 helpful hlnts and t~ps that come lrom thousands 01 hours of 
on the alr experience 208 pages fi 1987 
I JAR-PKT Sonbound $9.95 

THE PACKET RADIO HANDBOOK 
bv Jonathan Mavo. KR3T 
~lr'ovjn ns ,cu 11rs1 i lm 'wcwt  bats. mts bmkpragres~wmrough 
me nnrt aorbnqs and operaowlatpeetsd packeltoa Wattulure 
technologysttllIndevelopmentalstages Alsolnctudes uslngbulle. 
IIn boards t r am handllngon packet modulation m e w s a n d  net 
work~ng prlnc~ples protocols (bath AX 25 and VAOCGl and a lhor 
ough d~scuss~on of the vartous TNCs and accessortes avallable 1 1 

1987 1st Edttton 218 paqes 
r 17-2722 Softbound $14.9!i 

ARRL COMPUTER NETWORKING 
CONFERENCES 1-4 
~i;nee*aaen &Packet Radlo 1981-1985 
Wr~ttpri durtnq the formulattve years of Packeldevelopment. 
these P~PPIS (too oumerous to menhon mem all) cover theory. 
practtcal appl~cattons protocols. sottware and hardware sub- 
pcts You also gel a complete uplo.dale collecl~on o l  all pub  
llshed Gateway me ARRL Packet Radio newslener As b ~ g  as 
me ARRL HANORWK 1985 over 1OOO pages 
t IAR-CNC Softbound $17.95 

5th COMPUTER NETWORKING 
CONFERENCE PAPERS 1 I W ~  

6th ARRL COMPUTER NETWORKING 
CONFERENCE ~01987 
August 1987 

IAR-CNC6 SoRbound $9.95 

7th ARRL COMPUTER NETWORKING 
CONFERENCE 01988 
I AR-CNC7 Sonbound $11.95 

INTRODUCTION TO PACKET RADIO 
by Phil Anderson, Wl 
Thts book ronlalns a broad ovemew of packet radlo for me bgln- 
ner Slmple techntcal dlscusslons are deslgned to Inform. no1 scare 
the beg~nner 1988 53 pages 1st Edttm 
I IKT-IPR Softbound $2.95 

PACKET COMMAND 
by Buck Rogen, K ~ A B T  
Thls bonk IS a baslc look at packet radm ham lhe tns~dearl S~mtlar 
commands are grouped logelher with Simple easy to.understand 
explanal~ons 1988 53 pages, 1st Edlhon 
I IKT-PC Sonbound $2.95 

ADVANCED PACKET 
by Buck Rogen, K4ABT 
Th~s book looks at the more advancad stde of packet operabon 
Includes 24W baud data transler. FAX and MFAX, packel clus- 
ter ~nformallon and more /. 1988. 58 pages. 1st Edlhon 
I IKT-AP Softbound $2.95 
DIGITAL COMMUNICATIONS 
WITH AMATEUR RADIO 
special AEA editlon by Jlm Grubbs. K9EI 
Starts wttha haw  revlew old~g~talcommulrcat~onsandfechrnqucs 
and lncludesa comDlete descrtplton 01 whatDacket rad~oaall about 
TNCs. opsrattng modes, nerworklng are allfullycovered In easy-to. 
undestand lermlnoloav Also covered are accessones, lnnovabons 
and ~nterest~ngorgankahons can loin (1 ~1988.lstEdtt1on. 160 
pages 

IAEA-PKT Softbound $9.95 

P l r a w  enclom $3.75 rhipplng and handling. 

HAM RADIO'S 
BOOKSTORE 
Greenville, NH 
03048 (603) 878-1441 

ink 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 145.9 ANTENNA 
Of course, your best choice is the complete system, matched and 
balanced for superior performance. 

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

High efficiency "T" matched driven element. 

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

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 interaction problems 
so common with metal booms. 

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

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

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

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

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

HyGain, with the quality you've come to rely on, is now ready to 
"LINK UP WlTH OSCAR". Complete data available at your amateur 
radio dealer or write Amateur Radio Department, TelexIHy-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. [ m l x  
TELEX COMMUNICATIONS. INC. 
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511 Toll Fn 

SAVE 
TIME 
and 7 ,!\&;'- 

,Q 
MONEY 

;>- with 
I * THE I 

HAZER 

Bring things down for 
safety and convenience. 

Never climb your :owst agaln with thls elevator system. An- 
tennaasnd mlatormounl on HAZER. complete system lrmns 
tower In rsnncal upnghl position Salely lock syslsm o p  
erales while ralsing or lowerlnp Never can lall 

Complete kit Includes wlnch. I W  n. ol  cable, hadwan MII 
Inslructlons. For Rohn 20 and 25 G Towen 

Hazer 2.newy duty alum. 12 sq. It. load UlI.83ppd. 
Hazer SStandard alum 8 sq. It. load ~m.0~ ppd. 
Hazer 4.Heaq palv steel I 6  sq. 11, load $291.95 ppd. 

NEW for ROHN 45 and 55 Towers 
HazmrEHeary duty gal*. steel r6aq. It. load CALL 
Ball Thrust Bsarlng 10.25 lor any o l  above $69.50 ppd. 
Smnd I w  h.. d.ul ls 01 alumhum t- ~ l l l c s l l y  
*nglll..nd Ioruuwl th Ih .  Musf .  Twovlaa; Y.l3(13'wld.) 
mdY.lC.(ln'rld.).AII bol!.dcon~nnllm,nomlds.Easy to 
Install hlng. bu. wmlk up *mtlon. Compht* tower UPS cw 
.Ir I n y h l  shlpp.bl*. Prr..umbl.d w klt form. 

Smllmlrllon p u r m l n d .  Call today and chwg. (o V l U  
Y.st.rC.rd or mall check w money 0rd.r. 

IN NYS 

-L YOU 
4CEMEI 

u've bought our replacer latteries befi 
OW YOU CAN BUY DIRECT FROM ,,, . HE MANUFACTUI 

r -- - - - . -  - 

13 2v @ 1100MAH 
9 6v @ 1200MAH 

(base charge only - 1" longer) 

Y a W ASSOCIATI 
I Parsons Boulevard, flushing, N. 

IORLD WIDE DISTRIBUTORSHIPS AVAILABLE. PLEASE INQUIRE. 

(so01 2 (n8) 961-2103 Ts*c 51060 16795 6 FAX: (718) 461 -19y  
- 

n ',; 1 ~r 153 

R COM 
UT NEE 

51000 MHz PREAMPLIFIERS ' 
NF G P(l dB) $ 

WlA20M' 2dB 15dB O d h  73 
WlA21M 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 

Add $4 fu S&H; 9 W  1.W MHz 

WllAM TECHNOLOGY, Dii .  of 

WI-COMM ELECTRONICS INC. 
PO. Box 5174. MASSENA. N.Y. 13662 

(315) 769-8334 

I \ 

BLACK DACRON@ 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 DACRONm 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqu~ries Invited 

2472EASTMAN AM. BUILMNG21 
synthetic VENTURn C A L I F O R N I A ~ ~ W ~  
textiles.inc. 1805) 658-7903 

\ 
.. . . ., . .".... ... ...... / 

Tell 'em you saw it in HAM RADIO! 
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"Open and Close the Band" with our Delta 
design, full wave DX performance mono. 
band, duoband and trlband antennas 
High Quality construction using 6061.T8 
Aluminum and Stainless Steel hardware 
Heavy duty design "Quiet" DX reception 
Excellent Gain, FB Ratio and SWR 
50 ohm gamma feed 2 kw power 
DL 202: 2 el. 20 meter. 9'  boom $397. 
DL 152: 2 el. 15 meter. 6 '  boom $329. 
DL 103: 3 el. 10 meter, 9 '  boom S397. 
DL 102: 2 el. 10 meter, 5 '  boom $297. 
DL 1015: 4 el. duobander $489. 
2el. 10m.-2el. 15m. 7 '  boom 
DL-TRI: 7 el. trlbander $897. 
3 el. 10m.-2el. 15m.-2 el. 20m. 
13.5'boom-wt. 81C12.7sq. ft. 
See our Product Review in June 1988 
CQ Magazine by Lew McCoy, WllCP 

NEW FAIRFIELD, CT 06812 

be many makes, it seemed to Wyn that five 0.5-ohm resistors arranged in a 
therewereonlytwo manufacturersof the five-pointed star with a common center. 
devices, regardless of the name tag - Those who found the solution to the 
General Electric and Frigidaire. Exten- "resistors in a jar" quiz were: Martin 
slve monitoring showed the General Woll, N6VI; Tim Bratton, K5RA; Harold 
Electric manufactured ranges to be rela- Muensterman. NSDEO; and Clayton 
tively free of RFI, but the Frigidaire Dunnihoo. K5ESV. (The minimum resis- 
rangescompletely wiped out the short- tor count is 419.) 
wave spectrum during operation! 

The RFI battle is an uphill f~ght and it A new "Dead Band" quiz 
getsverydiscouraging. My radar range If we have many more of the com- 
w~ped out all HF reception, jammed the plete HF blackouts experienced last 
N receiver, and made the kitchen radio spring, you should have plenty of time 
unusable. A call to the manufacturer to solve this puzzle, submitted by Andy 
brought the news that I could buy a line Loomis, KEBUL. 
filter for the range at a modest price. I "A snowplow begins to clear a road- 
asked the sales representative why they way at noon on a day during a steady 
didn't install the filter on the oven before snowfall. The plow moves two miles 
it was sold. He told me that it was during the first hour and one mile dur- 
installed onall export models, because ing the second. What time did the 
most overseas countries demanded it. snow begin to fall?" 
However, slnce there was no compara- Andy says, "This is not a trick ques- 
ble law in the United States, they didn't tion, nor is it a problem with a quick 
feel it was their duty to protect the local but not obvious solution. The fascina- 
customer in this regard! Alas. Perhaps tion of the problem lies in the appar- 
it's time for the FCC to takea moreactive ent lack of enough information given 
role in RFI regulation, a role they have in the question itself." 
been noticeablysuccessful in avoiding Good luck! I'll send the reader who 
to date. produces the first complete, correct 

The "Dead Band" quiz answer to this quiz an autographed 
copy of the Beam Antenna Handbook. 

I want to thank those of you who took Send your answers to me at Box 7508, 
the time to write me about these little Menlo Park, California 94025. The 
brain teasers. I really appreciate your decision of the judges is final. 
letters and cor-m-nents. I want to NO,, TI,, comput,r.pr~,,c~ cur, shown on ,,,,,Ie are 
acknowledge the following who tn c law aqreemenl wtlh earlter curves run w~ lh  an RF hr~dqe 

by John True. W 4 0 0 .  as \l!uvn on "How lo Desbgn Shunl . f~d 
provided correct answers to past s ~ t e m s  for Grounded verf~cal Rad~alorr:' Ham Radro. May 

1975. page 34 quizzes. 
Submitting correct answers in the REFERENCES 

1 Harold F Tolles. W71TB. "How lo Oes~gn Gamma Malchtng 
"black box five-terminal network" quiz Ne,,rks:. ,, M,, ,973, 46 

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

With t h e  new S-COM 5. Fkpeater 
Controller, you'll be able to configure 
your repeater remotely-using DTMF 
commands. Only t h e  5K offers this 
capability for just $195, wired and tested. 

S-COM Industries 
P.O. B o x  1718 

,, , Loveland. CO 80539 
c (303) 663-6000 

are: Albert Wel!er, Jr., WD8KBW; Mar- 2 Rh3ardA Nelson. WBQIKN. "Basc Gamma Malch~ng:'Ham 
Rad~o. January 1985, paqe 29 

tin Wall, N6VI; Tim Bratton, K5RA; Les 3 Fred Sontag. NQCAO. ';amma Malch~ng Programs lor the 
C 641128." Ham Radro. M;ly 1987. page 87 Hannibal; Lawrence Roy9 KAIADF; 4 Wlllnam Orr W6%1 and Stuarl Cowan, W2LX. Beam Antenna 

Arthur Erdman, W8VNX; Mike CZU- Handt~ook. Radto PuM!cal~ons. Inr. (Avallahle from Ihe HAM 

WA~MCQ; ~ ~ ~ ~ l d  ~ ~ ~ ~ ~ t ~ ~ -  RADIO &&store lor $11 95 plus $3 75 shlpplng and hamtncl) 
5 kcrnrv Jas~k. "C$~ndrti:al Dtmes. Anlenna Eng,nwr,rrq 

man, NgDEO; and Clayton Dunnihoo, Handbook. Flrsl Ed~llon. 1961. McGraw Hill Book Comtlanv. 

K5ESV. 
New York 
6 James L Lawson. W2W. Yagr Anlenna Desrgn. Chapler 7. 

There are several configurations that Amercan Radto Rday Leagur Nwlnglon. Connecl~cul 
7 Kalashl Nose KHBIJ. ' Noles or1 Pntasrlc Beams 057 March 

satisfy the problem, the s~mplest being ,sl;o 43 

, BTl -1 
9:00 am - 5:30 pm 

weekdays 
Weekends and evenlngs 
by appointment. 

ICOM. AEA. LARSEN. VAN GORDEN. 
VIBROPLEX. NYE-VIKING. FALCON 

f 

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

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

Program features 
Once you've loaded Procomm Plus, 

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

Monitor for beacon or ID packets 
from the stations you have jncluded 
in the program. 
Print out the time and date of recep- 
tion when a statlon has been 
received, and give an indication that 
your UNPROTO CQ path has been 
changed to transmit through the sta- 
tion. (See Figure 1.) 
Turn on the beacon at the interval 
you have selected, if you have 

'Procomm Plus IS a reg~stered trademark of Datastor111 Tech 
nologles. Inr: . PO Box 1471 Colurnb~a. M~ssourl 65205 

m4 
DAYTIME 01/28/89 13:51:37 
cmd:UJSV:VE260FIR VE260F-?/6 VE2bOF-I16 VEZGOF-7IN 
ad:Il1IUNPROTO IS NUN CO V YE?60F-7ltllTUHN BEACON ON 

I Y12GOF,.- 1AR.l SlAiiOh FOR 1E1CON 1111111 I 
I ItlIllCAUTION ... BEACON IS NOW ONllttlll I 

101 
DAYTIME 01/28/89 14:00:28 
cad:YBIHFO,ID:YB4HFO YB4HFO-216 YB4HFO-I/B YB4HFO-?!N 
nI:1IIUNPROTO IS NUN LO V Wh4HFO-71111TURN BEACON ON 

I YB4HFQ ... C:k K Y ( ( ( ,  IARSEI STATION FOR BEACON l1111ll 1 
IltlllCAUTION ... BEACON IS WON O#llllfII 

IDA 
D9YTIIE 01128189 14:10:15 
cmd:COUNTY, LI, NV 

tIlllITHf UEKOW RECEIVED 15 1101 LISTEDIIIII~ 

- - 

Examples of printout using PACTRACK.ASP. 

Al t -0  IDA! 
Al t -1  $hAH 
A l t - 2  xnhn 
A l t -3  "C 
Al t -4  CONVAN 
A l t - 5  DAHDAH 
Al t -b  CNS ONnH 
A l t - 7  C!S OFF*! 
Al t -8  GATE ONAH D I 6 1  ONAN H I D  ON"! 
Alt-9 SATE QfFV Dl61 OFFA! H I D  OFF 

- -- - - - 

Procomm Plus keyboard macro screen with 
settings for packet radio. 

included the beacon opt~on in the 
program. 
Print out the time, date, and call of 
the station with a notice that the sta- 
tion received was not listed, if you 
receive a beacon or ID packet from 
a station other than those included 
in the program. 
Allow modification of the program to 
send a connect request to a specific 

station once it has been rece~ved, 
rather than automatically change 
your UNPROTO path. 

Other Procomm features 
Included In the Procomm Plus pro- 

gram is a keyboard macro screen 
which lets you set up the ALT 0-9 keys 
for your particular application. My keys 
are set up as shown in Figure 2. My 
keyboard macro, called KAM.KEY, IS 

loaded automatically when the PAC- 
TRACK script file is called up. 

Procornm also includes a "chat" 
mode. This is a split screen mode; the 
top three-quarters of the screen dis- 
plays the received text, and the bottom 
quarter dlsplays your transmitted text 
as entered from the keyboard. Enter- 
ing ALT 0 activates the split screen 
option. I usually do this when I am 
communicating. You must activate full- 
duplex mode to use the split screen. 
You can accomplish this easily by 
entering ALT E; PACTRACK.ASP is 
loaded initially in the half-duplex mode 
and must be in half duplex to operate 
correctly. When you're finjshed with 
split screen mode, simply enter ESC to 
return to terminal mode and enter ALT 
E to return to half-duplex mode. 

I'm looking forward to hearing from 
you experienced programmers 
regarding enhancements to PAC- 
TRACK. I'm not a programmer and this 
was my first attempt. However, the pro- 
gram runs very well and does what ~t 
was designed to do. For those who 
would prefer to send comments via 
packet radio, send them to W4GBB at 
WA40NG In Richmond, Virg~nia. 

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

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

'Procomm IS a user-supported product It IS not publ~c doma~n 
and IS not lree soNware To become a registered user, send $25 
lor reglstratlon only, $35 for reg~stratlon plus the latest verslon 
on dlsk. or $50 for reglstratlon plus the latest verslon and a 
printed, bound  manual to the address llsted Procomm sup- 
port BBS (314)449-9401 24 hours a day, seven days a week 
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1 FREECATALOG! 1 
1 Features Hard-to-Find Tools 1 
1 and Test Equipment 1 
1 1 
1 1 
1 1 

1 Jense:'s new catalog features hard-to- 

1 
1 

1 f ~ n d  precision tools, tool  klts, tool cases 
and test equipment used b y  h a m  radio 1 

( operators, hobbyists, sc~ent ists,  en- 1 
glneers, laboratories and government 

1 agencies. Call or write for your free copy 1 
today. 

Dept. HR 
7815 S. 46th Street 

1 
Phoenlx. AZ. 85044 1 

L I I I l I I I I I d  

MODEL 
SG-100F 

MADE IN ' 5429.95 
USA dsllvsrsd 

l Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial l 
Accuracy +/- 1 part per 10 million at all 
frequencies l Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate l External FM 
input accepts tones or voice l Spurs and 
noise at least 60 dB below carrier l Out- 
put adjustable from 5-500 mV at 50 Ohms 
l Operates on 12 Vdc @ 1/2 Amp l 
Available for immediate delivery l $429.95 
delivered l Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 
l Call or writafor details l Phone in your 
order for fast COD shipment. 

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

fl 158 

Want to sell 
Ham Radio 

in your store? 
Call Sue: 

603-878-1441 

Fmq. 1 dB 
Recalve Range N.F. Oaln Comp. h v l c e  
Only (MHZ) (dB) (dB) (dBm) TYPO pdce 
P28VD 28-30 <1.1 15 0 DGFET $29.95 
PWVD 50-54 <1.3 15 0 DGFET $29.95 
PWVDG 50-54 <0.5 24 + 12 GaAsFET $79.95 
P144VD 144-148 c1.5 15 0 DGFET $29.95 
Pl44VDA 144-148 c1.0 15 0 DGFET $37.95 
P144VDG 144-148 ~ 0 . 5  24 + 12 GaAsFET $79.95 
P220VD 220-225 <1.8 15 0 DGFET $29.95 
P220VDA 220225 <1.2 15 0 DGFET $37.95 
P22OVDG 220-225 ~ 0 . 5  20 + 12 GaAsFET $79.95 
P4:12VD 420-450 <1.8 15 -20 B~polar $32.95 
P432VDA 420-450 c1.1 17 -20 Bipolar $49.95 
P432VDG 420-450 <0.5 16 + 12 GaAsFET 57995 

lnllne Id awltehad) 
E F E T  
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DG F ET 
DGFET 

GaAsFET 
Bipolar 
Bipolar 

GaAsFET 

Evmy pnrmpl l f lu  la pncl.kn aIlgnuJ on ARR'a H m k n  Packerd HF%70AWP34M et.twf.M..art not- f lgun 
meter. RX only pmam Illlera are for cscelve ap llcatlons only. lnllne preempllflem am d swltched (for use 
with transceivers) and)handle 25 watts transmtter power. Mount lnllne nampllllers between transcelver 
and power ampllfler lor hlgh power appllcatlons. Other amateur, commerclafand s clal mampllflars avsllable 

In the 1.1000 MHz rsnae. gasefncluds $2 ShlDDlno In 

Rdvanced 
Receiver 

U.S and Canada. ~&nect lcut residents add '7 I/;% 
sales tax. C.O.D. orders add $2. Alr mall to lorelgn coun- 
tries add 10%. Order your ARR R x  only or lnllne 
preampllfler loday and start hearlng llke never before! 

Research 
Box 1242 Burlington, CT 06013 203 582-9409 !!33i?n 

2 METER AMPLIFIERS ATV CONVERTERS 
DISCOVER THE WORLD OF FAST SCAN RF AmpWms Per Motorola Bulkllns 
TELEVISION C&te Pam hl 1- 

140 w.01 IW watt nf P 
Mala& l.~lu*tn. 
AN-758 AN-lbl En-ZlA €3 61 RWI I IM IH I I  r9115(09UTll< 

Ptn W>iU00(1 R l l l l f  TIN\ 

w%f-"h 
4 1 uh 10 0 ub I I 7 0  

581 I 081 ad MII~I 
S R L - I X  D8L 6.1 M4.m : !:: W. 

S ~ W L  natd-~o ~ * d  Pa~t r  

~ ~ ~ Z l ~ C O N V E j X &  
A T V  1 810 (SO MHt 1 44 91 16 KEMET cnw CAPACITORS 

T V  40-40 n S F  ; :::: v$jpM% gv:$, 1110 METALCLA0 MICA CAPACITORS 
LTV-4 W?-Q?I MU, C.A,-F,~ 56.190 6 1  18 r.,,~t. 8.4 I 20 SEMICONDUCTORS 

R I  PUWtR lRk1(51STORS 

Ar.J.b* * I" 08 A.-~/Tc'ld P ~ W E R 3 P L ~ E R L L O M  lNtR 
1 10 MHt  600 Wall3 ( h M 4 Poet I fo r  dr8.W n lormala  1k.3~ 

<an 0 ,  *,,,r 10, eu, 1,n I.,.* 
Add I l W F a  Sh- .Id HndRp 

ommunication - m E o n c e p t s  inc. , ,, - 
121 Brown Street Dmyton.Oh#o 41401 (113) 210-0611 



Printer or no printer 
Want beacon automatically turned 
on? 
Hard drive or floppy? 
Special beacon text 
Monitor for beacons or IDS? 
'Information you want in your key- 
board macro file 
If you send me this information, I'll 

customize your program for the Kan- 
tronics KAM TNC. 

Robert F. Cann, W4GBB 
Edllor's note. Send a no 10 SASE lo Ham Radro lor a hard 
corv a1 Itir PACKTRACK ASP proqram and macro Ible 

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

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

milliwatts of power while my car stereo unmodified unit will be available for 
system sits idle. Here's an easy, no use with a stereo source like a CD 
modification required way, of using player. However, the size of the 
your car's audio system with your HT, adapter plug may interfere with the 
for those of you with a built-in cassette external microphone plug on some 
player. I designed a cassette adapter HTs. 
that looks like a standard cassette tape Replace the stereo plug with a 
with a cable that plugs into the HT's mono plug, paralleling both inputs. 
external speaker jack. You insert the This is the most difficult modification 
adapter into the tape player as you to make, because you need to con- 
would any standard cassette. I found nect both inputs to a single mini- 
out later from my son that my "crea- plug. 
tion" was already commercially avail- Add a short jumper wire at the cable 
able! terminations on the pc board inside 

The device, marketed by Radio the cassette. (The board contains an 
Shack as a "Compact Disc Cassette RC network.) This involves removing 
Adapter," is sold under catalog num- six screws (two on the top and four 
ber 12-1951 for $19.95. It lets you play on the bottom of the cassette), 
portable CD units through your cas- adding a jumper between the red 
sette tape player. It comes equipped and white cable leads, and reas- 
with a miniature stereo plug, the same sembling the cassette. 
size as the external speaker jack on my Now you can enjoy HT mobiling with 
HT. When used in this manner, the HT the audio available from your car 
will "play" through one channel of the stereo system, without modifying the 
stereo system. HT or the car stereo. Use the tone con- 

There are three simple ways of con- trols to reduce hiss and enhance weak 
verting the adapter to a mono system signals. You'll be amazed at how good 
so you can use both stereo channels: an HT can sound. 

Use a mono-to-stereo adapter plug, 
like Radio Shack no. 274-368. This Frank H. Finney, W9PXP 
is the preferred method, since the 

antenneXe 
"The Magazine About Antennas" 

IFYOU- 
*Have a lousy mobile signal on all bands? 
#Need an inexpensive beam for 10 meters? 
*Unsure about using verl 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 - antennexo 
12 MONTHLY ISSUES is only $1 5.97 for 
USA and possessions. $19.97 foreign. 

antennexo 
PO. Box 8995 Dept. 19 

Corpus Christi, TX 78412 

, , >,,,.r".,,,.,*,,,,f, ,,' <,<.,, 
I <  I ..",. !.",.".* ,,,, n l-O1.l, 

%~<"..-lrr A l l ( . " , , l l l n n  

> \ I  I Plan0 , 8 0 0  
I - ,HPlmr  - I l i S d A  

SW" I I2 4 l W C l l  

FIA ralo 77 5 dll 
, n m a r X t  54 anm 

Wlnn ,"WW.l I,". UP" 
q, 10 2 "l"msls, 

18mwnt ~nsulatar RImrr ~ns t in  
S l l inMI  SIMl hat-lrr 

,.rcru u mnr, 
con. mnnwlol I N l"pl I 

FO-12.144. FO-22-432, FO 25432. FO-33-432. FO-11-440 
POWER DIVIDERS STACKING FRAMES 

I we , d y  rhMs hard 10 ftnd pans la Ins name bubMsr 
316 ' Dalrtn1nsdaorr11211W. S!mnU)61 Laswr~SlOllW 
Add $5  UPS SIH lo( each an1Bnna 

$7 W",, "I M z s S ~ S ~ I W  I 

1 

R-7000 Widespan Panadaptor 

Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 17-386-4032 



zspfl YOUR HAM DOLLAR GOES 
FURTHER AT. . . 

i- 

CALL US 
"AMtllU'S MOST RfllABLf AMATfUR RADIO DtALfR" 

NOW! SELL-TRADE 
mt; 

In 1937, Stan Burghardt (WOIT), because of his intense interest in 
amateur radio, began selling and servicing amateur radio equipment 
in conjunction with his radio parts business. We stand proud of this 

4 
long-lasting tradition of Honest Dealing. Quality Products and 
Dependable "S-E-R-V-LC-E "! 

New & Reconditioned 

HAM EQUIPMENT 
C:11l ,>I Wl 11,. c. 1,,11:,\ F<tl 3 Q11,ltl~' 

Yc111'11 Pinil ll\ 10 h c ~ C ~ ~ u r l c ~ ~ u \ ,  K ~ i ~ ~ \ v l c i l ~ i ~ ; ~ h l i ~  
:init tiolii-\~ 

PHONE (605) 886-73 1 4 

Above all, we fully intend to carry on this proud tradition with even 
FAX (605) 886-3444 

more new product lines plus the same "fair" treatment you've come 

60 and even 90-day parts and labor warranties on selected pleces. 
And always remember: 

I IO*DL1 th" f l l D A 1  
OPI *  I L I U I D A l I  

, 

- - to rely on. Our reconditioned equipment is of the finest quality with 30, 

- WE SERVICE WHAT WE SELL - t r m  9.1 r m ICSII I C m l D  / 
<l,",l..<irn,#n..< 

I 

AE A B & W  Daiwa Palomar 
Alinco Belden Hustler Radio Callbook 
Ameritron Bencher Kantronics Ritron 
Amphenol Bird Kenwood Rohn 
Ampire Butternut Larsen TelexlHygain 
Antenna Centurion MFJ Ten-Tec 

Specialists CES MiragelKLM UnadlllalReyco 
Astron Cushcraft Mosley Yaesu 

1 _ . -  I F] - 

182 N Maple 
P 0. B o x  73 

Watertown. SO 57201 

Get the most of HF Mobrling 

Yaesu FT-747GX 

SPECIAL OFFER! 

CALL TODAY 
FOR SPECIAL QUOTE 

7 COMMUNICATIONS 

I The VHF FlOSFET power a m p l i f i e r  p ioneer ,  has  some 
new products ;  Antennas f o r  s p e c i a l  needs. I 

HERE NOW 

The " A m h a i r  Antennaw, improves t h e  ranqe of ha d 
he lds ,  o r  scanners ,  us ing  "rubber duckies? o r  174 
wavelength whlps. 

Adjus tab le  f o r  an frequency from 144 t o  over  500 
mz. t h i s  d ipo  4 e needs no ground ane,  is used 
h o r i z o n t a l l  o r  v e r t i c a l l y  and, a t  7 j 2  wavelength, 
is more e f  F i c i e n t  t han  s h o r t  antennas.  A balun 
reduces  p a t t e r n  distortion f o r  "bores ightw aiming. 

COMING SOON 

For t h e  R V e r  a t i l t - u p  t e l e scop ing  HF v e r t i c a l  
t h a t  a d j u s t s  t o  frequency from 3 t o  30 Wz. 

The f i b e r g l a s s  mast extends  t o  f u l l  h e i q h t  f o r  a l l  
f requencies .  The antenna l eng th  is var?ed i n s i d e  
t h e  mast wi th  a 12  Volt  motor, a l s o  l n s i d e  t h e  
mast, and can be c o n t r o l l e d  from i n s i d e  t h e  R V .  

Two v e r s i o n s  a r e  comin one f o r  .small R V s  and 
vans and t h e  second f o r  Yarge  R V s .  

I For Information On Our Complete Line See Your Local Dealer Or Call Faclory Direct 

P.O. Box 8979 Newport Beach, CA 92658 (714) 760-3822 I 



Full halfwave design - 
I to practical 518 wave 

e damage; fast, easy 

. . . . . . . .  
a member of The Allen Group Inc. 
30500 Bruce lndustr~al Parkway 
Cleveland, OH 44139-3996 
2161349-8400, Telex: 4332133. Fax: 2l61349-8407 

he world oommunicateu@ 

I NEMAL ELECTRONICS 1 
.Complete Cable Assembly facilities MILWD4521UI 
*Commercial Accounts welcome- Quantity pricing Same day shipping most orders 
*Fartory authorized distrihutor lor Alpha, Amphenol, Bcldtn, Kings Times Fiber 

Call NEMAL for computer cabk, CATV cabk, Flat cabk, semi-rigid cabk, telephone cabk, 
crimping tobls, D-sub conmctot%, heat shrink, cahk tics, high volt* connectors. 

HARDLINE 50 OHM 
........................ Den 12 l / r  Aknninun Black J d w t  -89R 

...... FLCIZ r / r  CaW- con. coppw bM pi 1.69fft 
........ FLC78 7 / 8  Cabfmvmw con.coppsr Mk )hf 4 25m 

............ NM 1 X C  N c a n  1,P con copper m/l 25 00 

............ NM78CC N c w n  7/B  con coppar mfl 54 00 

COAXIAL CABLES (pw I?) 
l l W  BELIKN 9813 vsry lov lou .......................... 55 

........ 1102 R C B p  95% .NeM lov lou l l g a  36 
1110 RCsV ObX tNdd (dd 8) 17 ............................. 
1130 RG213/U 85% ShWd dl W0C ........ .39 
1140 RG214fl dbl r i h  d#d dl rpn .................. 185 

........... 1705 R G l 4 2 B p  dM s i h  rNd hlla, Im ......... 1310 RG217,A.J 50 o)vn so00 d dbl s M ~  .98 
1450 RG174,AJ 50 dm .lM od dl .pet .......... l 4  

ROTOR CABLE4 CONDUCTOR 
..................................... C l p l 2  2-16ga Md b22ga 25 
..................................... €ClUZO 2-18ge d 620ga 39 

CONNECTORS-MADE IN USA 
...................... M ~ O  rip. N pkg kx 0013 * 1 ~  

.......................... M 7 2 3  T p  N / . ck  ku &Mw, 9813 4.W 

puw knphnd PI259 ............................................ .w 
pusen p ~ s o  mm ~ m / t l k r  plhd ...................... 1.58 
puJesM&,phmd tsnulahnvb (bunlJ ................... 165 

................ f f i  175/vc178 mdmw hn RGY)/se (spbew) 22 
f f i2 lDS N plvg hn RG&213214 S i h  ...................... 335 

.................... ffi- N / .ck I0 PLlSB d&w, l s h  650 
f f i  1464 SO239 I0 N plyl dqokr, Isnul ................. (L 50 
ff i255 SO238 lo BK:  plug d@W, Anph.ml ......... z9 
s023sMA4 UHF ch.Uls tnl r s c s p h c b ~  ........... 89 
UGBRC RNC, plug RG58. 223 142 1 4: 

GROUND STRAP-GROUND WIRE (per H ) 
G.538 3/B llmd coppr M ................................ 40 

................................ GS 12 l / r  bmbd copper w d  50 
.............. GSZOO 1 - l / r  h e y  b m d  coppr bnM 2 0 0  

HwO9 8ga ImulaW sb.nd.d d m  ........................... 39 
................. Awl4  14g0 slmdbd An(aru whe CCS 14 

Prkes do not include shipping, $3 minimum. VisalMastercard $30 min. COD add $3.00 
C.N or wrlle ku mn@eb comple(s0 I*L N.nul.s IWW 40 p q a  CABLE AND CONNECTW3 S E U C W  GLMlE h HJIdah 
.r no c m  n.iUI adbn d UO or mcns, or .) l coat d $4 n.iUI crsdll agumt nert wdtwng order. 

NEMAL ELECTaONICS, INC. Ut40 NE 14th Ave. N. Miami, FL 33161 
(305) 8933924 Telex 697977 24hr FAX (305)895-8178 

graphics card and printer. 

Software Tutorial Cassette 
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Joseph J Car/; K41PV 

VERTICALLY 
POLARIZED HF 
ANTENNAS: PART 1 

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

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

Because there are so many heated 
opinions regarding verticals, I take on 
this topic with some trepidation. Let's 
hope that a little more light than heat 
is generated. Keep in mind that it's 
possible your buddy's bad luck with a 
vertical might be due to not knowing 
how to design, build, and use one - 
or expecting something totally inap- 
propriate from the antenna. 

The polarity of an antenna is the 
direction of the electrical (E) field. 
Because the transmitted signal is an 
orthogonal electromagnetic wave, the 
magnetic field radiated from the 
antenna is at right angles to the elec- 
trical field. The direction of the electri- 
cal field, which sets the polarity of the 
antenna, is a function of the geometry 
of the radiator element. If the element 

I I 

Basic concept of a vertical antenna. 

is vertical, then the antenna polarity is 
also vertical. The signal propagates out 
from the radiator in all directions of 
azimuth, making this antenna an 
"omnidirectional" radiator. 

Figure 1A shows the basic geometry 
of the vertical antenna: an RF gener- 
ator (transmitter or transmission line 
from a transmitter) at the base of a radi- 
ator of length L. Although most com- 
monly encountered verticals are quar- 
ter wavelength (L = N4), that length 
isn't the only permissible one. In fact, 
it may not even be the most desirable 
length. I'II talk about the standard 
quarter-wavelength vertical antenna 
here because it's so popular, and will 

also deal with other length verticals 
(both greater and less than quarter 
wavelength). 

The quarter-wavelength vertical 
antenna can be modeled as half a 
dipole installed perpendicular to the 
ground, with the ground as the "other 
half" of the dipole. Because of this, 
some texts show the vertical with a dot- 
ted line "ghost radiator" in the earth 
beneath the main antenna element. 
Figure 1B shows the approximate cur- 
rent and voltage distribution for the 
quarter-wavelength vertical. Like the 
dipole, the quarter-wavelength vertical 
is fed at a current node, so the feed- 
point impedance is at a minimum (typi- 
cally 35 to 55 ohms, depending upon 
nearby objects). As a result, the cur- 
rent is maximum and the voltage is 
minimum at the feedpoint. As you'll 
see, however, not all vertical antennas 
are fed directly at the current node. As 
a result, some designs require antenna 
tuning units to make them match the 
antenna impedance to the transrn~tter 
output impedance. 

Figures 2A and 28  show the two 
basic configurations for the HF vertical 
antenna. Figure 2A shows the ground- 
mounted vertical antenna. The radia- 

Approximate current and voltage distrlbu- 
tions on a quarter-wave vertical. 
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Basic ground-mounted HF vertical. 

tor element is mounted at ground level, number of radials, the better the ~ e r -  I I 
but is insulated from ground. Because formance. While that statement is true, 

A veflical with 
the antenna shown is a quarter wave- 
length, it's fed at a current node with 
52-ohm coaxial cable. The inner con- I 
ductor of the coax~al cable IS con- 
nected to the radiator element, while 
the coaxial cable shield is connected 
to the ground. As you will see later, the 
ground system for the vertical antenna 
is critical to its performance. Normally, 
the feedpoint impedance isn't exactly 
52 ohms, but somewhat lower. As a 
result, without some matching there 
will be a slight VSWR. But in most 
cases the VSWR is a tolerable tradeoff 
for sjmplicity. If the antenna has a feed- 
point impedance of 37 ohms, the value 
usually quoted, then the VSWR will be 
52 ohms137 ohms, or 1.41:1. 

A vertical mounted above the 
ground level is shown in Figure 2B. 
This antenna is as popular as the 
ground mounted. Amateurs find it easy 
to construct this form of antenna 

QUARTER-WAVE 
VERTICAL RADIATOR 
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because the lightweight vertical can be 
mounted at reasonable heights (15 to 
50 feet) using fairly inexpensive tele- 
vision antenna slip-up telescoping 
masts. A problem with the nonground 
level vertical antenna is that there's no 
easy way to connect it to ground. The 
solution to the problem is to create an 
artificial counterpoise ground with a 
system of quarter-wavelength radials. 

In general, at least two radials are 
required for each band - and even 

G R O U N D - P L A N E  A N T E N N A  

A 

P L A N E  
A 

H O R I Z O N T A L  P L A N E  

R A D I A T I O N  PATTERN 

B 

that number is marginal. The standard 
wisdom holds that the greater the Dlagram of a commercial ground plane with four radials mounted 90° apart. 



there are both theoretical and pract~cal 
limits to the number of radials. The the- 
oretical limit is derived from the fact 
that more than 120 radials return prac- 
tically no increase in operational effec- 
tiveness, and at more than 16 radials 
the returned added effectiveness per 
new radial is less than the case for 
fewer radials. That is, going from 16 to 
32 radials (doubling the number) cre- 
ates less of an increase in received 
field strength at a dlstant point than 
going from 8 to 16 radials (both repre- 
sent doubling the density of the radial 
system). 

The radials of the above-ground ver- 
tical antenna can be at any angle. In 
Figure 26 they are "drooping radials;" 
i.e., the angle is greater than 90 
degrees relative to the vertical radia- 
tor element. Similarly, Figure 2C shows 
a vertical antenna equipped with 
radials at exactly 90 degrees. (No com- 
mon antenna has radials of less than 
90 degrees.) Both of these antennas 
are called ground-plane vertical 
antennas. 

The angle of the radials is sald to 
affect the feedpo~nt Impedance and 
the angle of radiation of the vertical 
antenna. While those statements are 
undoubtedly true in some sense, there 
are other factors that also affect those 
parameters and are probably more 
important in most practical installations. 
Before digging further Into the subject 
of vertical antennas, let's take a look at 
the subjects of angle of radiation and 
gain in vertical antennas. 

Angle of radiation 
Long distance propagation in the HF 

region depends upon the ionospheric 
phenomena called "skip." In this type 
of propagation, the s~gnal leaves the 
transmitting antenna at angle a, called 
the angle of radiation, and enters the 
ionosphere where ~t is refracted back 
to earth at a distance from the trans- 
mitting station. The s~gnal in the zone 
between the outer edge of the 
antenna's ground wave region and the 
dlstant skip point is weak or nonexis- 
tent. 

The distance covered by the signal 
on each skip is a functlon of the angle 
of radiation. Figure 3 shows a plot of 
the angle of rad~ation of the antenna, 
and the dlstance to the f~rst skip zone. 
The angle referred to along the verb- 
cal axis is the angle of radiation away 
from the antenna relative to the horl- 
zon. For example, an angle of 10 

I DISTANCE TO FIRST REFLECTION 
(MILES x 10001 I 

Gmph of skip zone velaus angle of radiatlon. 

degrees is elevated above the horlzon 
10 degrees. Shorter distances are 
found when the angle of radiation is 
increased. At an angle of about 30 
degrees, for example, the distance per 
skip is only a few hundred miles. 

Although you m~ght expect to see a 
s~ngle line on the graph, there's actu- 
ally a zone shown (shaded). This 
phenomenon exists because the Ion- 
osphere is found at different altitudes 
at different times of the day and differ- 
ent seasons of the year. Generally, 
however, in the absence of special 
event phenomena in the ionosphere, 
expect from 1500 to 2500 miles per 
bounce in the HF bands for low angles 
of radiation. Note, for example, that 
for a s~gnal that's only a degree or two 
above the hor~zon, the sklp distance is 
maxlmum. 

At distances greater than those 
shown in Figure 3, the signal will make 
multiple hops. Given a situation where 
the skip distance is 2500 miles, cover- 
ing a dlstance of 7500 m~les requires 
three hops. Unfortunately, there's a sig- 
nal strength loss of 3 to 6 dB on each 
hop, so you can expect the distant sig- 
nal to be attenuated from making mul- 
tiple hops between the earth's surface 
and the ionosphere. For maxim~z~ng 
dlstance, the angle of radiation needs 
to be minim~zed. 

So what's the  deal angle of radia- 
tlon? It's standard - but actually 
erroneous - wlsdom among Amateur 
Radio operators (and even commercial 
operators, it turns out) that the lower 

the angle of radiation the better the 
antenna. This statement is only true if 
you're looking for long distance, so it 
reflects a strong bias toward the DX 
community. The correct answer to the 
questlon is: "It depends on where you 
want the signal to go." For example. I 
live in Virginia. If I want to work stations 
in the Carolinas or New England, it 
would behoove me to select a high 
angle of radiation for radio conditions 
represented in Figure 3, so that the slg- 
nal will land in those regions. But if I 
want to work stations in Europe, Afr~ca 
or South America, then a lower angle 
of radiation is requ~red. Because of the 
difference between performance of 
high and low angles of radiation, some 
stations have two antennas for each 
band - one each for high and low 
angles of radiat~on. 

Figure 4 shows a signal from a 
hypothetical antenna located at point 
0 to show what angle is meant by 
angle of radiation. The beam from the 

I X . Y :  - 3 d 8  POINTS 
P: CENTER BEAM 
ANGLE a : ELEVATION I 
ANGLE 0 :  - 3 d B  BEAM WIDTH I 

Dlagram lllustratlng angle of radiatlon. 

antenna is elevated above the hor~zon 
(represented by the horizontal "tangent 
to horizon" line). The angle of radiation, 
a, is the angle between the tangent line 
and the center of the beam. This angle 
is not to be confused with the beam- 
width, which is also an angle. In the 
case of beamwidth, I'm talking about 
the thickness of the rnaln lobe of the 
signal between points where the field 
strength is 3 dB down from the maxi- 
mum signal (which occurs at po~nt P); 
these points are represented by points 
x and y in Figure 4. Thus, angle b is 
the beamwidth, while angle a IS the 
angle of radiation. 

Gain in vertical antennas 
Vertical antennas are known as 

omnidirectional because they radiate 
equally well in all directions. Gain In an 
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Diagram of a theoretical isotropic radiator. 
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E and H plane patterns of a typical vertical. 

antenna is not the creation of power, 
but rather a simple refocusing of 
energy from all directions to a specific 
one. Therefore, gain implies directivity. 
According to the convention, then, the 
vertical antenna can't have any gain 
because it radiates in all directions 
equally, and gain implies directivity. 

Right? No, not really. Let's develop the 
theme more carefully. 

Again conslder the idea of an 
isotropic radiator (the word "isotropic" 
means equal power In all directions). 
Consider a spherical point source radi- 
ator located at point 0 in Figure 5. 
Whatever the level of power available 

the sphere as 11 radlates out ~nto space 
away from polnt 0 If you measure the 
power dlstrlbuted over some area, A. 
at a dlstance, R, from the source, then 
the power available will be a fract~on 
of the total power 

Totcll A~ailclhlr Port~tv x Areu 2" 
7?)tc1l Sut$lc.c Arcw of Sphere (1 ) 

or, In math symbols, we can wrlte the 
expression: 

Where: 
Pa is the power available per solld 

degree 
P, is the total radlated power in 

watts 
R IS the radlus of the sphere, I.e., the 

dlstance from 0 to t? 
A practical rule of thumb for this 

problem IS to calculate from the sur- 
face area of the sphere. If you perform 
the r~ght calculat~ons, you'll find that 
there are approximately 41,253 square 
degrees on the surface of a sphere. By 
calculating the surface area of the 
beam front (also ~n square degrees), 
you can find the power within that 
region. 

Now for the matter of gain in a vertl- 
cal antenna. The vertical isn't gainless 
because it doesn't radiate equally well 
In all directions. In fact, the vertical is 
quite directional except in the horizon- 
tal (azimuth) plane. Figure 6 shows the 
radiation pattern of the typical vertical 
radiator. The pattern looks like a giant 
doughnut In free space (see solid pat- 
tern in Figure 6). When sliced like a 
bagel, the pattern IS the familiar circu- 
lar omnidlrect~onal pattern. When 
examlned in the vertical plane, how- 
ever, the plane looks like a sllced fig- 
ure eight. The gain comes from the fact 
that energy isn't spread over an entire 
sphere, but concentrated to the toroi- 
dal doughnut-shaped region shown. 
Therefore, the power per unlt area IS 

greater than for the isotropic (truly 
omnldlrectional) case. 

Non quarter-wavelength 
verticals 

The angle of radiation for a vertical 
antenna, hence the shape of the 
hypothetical doughnut radiation pat- 
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upon time, frequency, mode and keeps track of DXCC and WAS 
status, prints QSL labels and can search its whole file in less than 
5 seconds! Complete documentation is included to help you learn 
and use this truely state-of-the-art logging program. 01988. 
OHD-ML (For C-64) 528.95 

SUPER LOG 
Super Log gives you ail the advantages of a computerized data 
base W I ~ W ~  significantly changing me traditional log format. Super 
Log also allows you to prlnt out either selected contents or the 
whole log. Will print QSLs 
CIHD-SL (For C-64) $19.95 

CONTEST LOG 
This disk contams four dlflerent contest programs; ARRL Sweep- 
stakes. Field Oay. Universal WW Contest log, plus a dupe check- 
ing routine. Automatically enters date, bme, band and serlal number 
for each contact. When the contest is over, the program wlll print 
your results listing all duped and scored contacts in serlal sequence 
with all the necessary intormation as well as completed score at 
the bottom of the page 
DHD-CL (For C-64) 524.95 

DX EDGE MS-DOS AND C-64 software 
Particularly helpful in determining long path and grey lhne open- 
ings. Super fast speed and daul~ng graphlcs make thls program 
a treat to use. The MS-DOS version also includes a close up (mom) 
feature for detailed examination, a MUF calculator and a great cir- 
cle bearlng routine. All call sign prefixes and coutry names are 
built into the data base for easy pinpointing of locations. MS-DOS 
version also cdor compatible. Requires 2 disk drives. 348k of mem- 
ory, Hercules. CGA or EGA graphics and DOS 2.1 or later 
OXN-DOS (IBM or tompatlble compulers) $34.95 
UXN-C64 (C-M computer) 534.95 
OXN-OX (slide rule version) $22.95 

HAM RADIO'S 
BOOKSTORE 

Please enclose $3.75 shlpplng and handling. 

Greenville, NH 03048 
(503) 878-1441 

Approximate patterns for three different 
length verticals. Relative power gains are 
also visible. 

tern, is a function of the antenna 
length. (Note: "length" in terms of ver- 
tical antennas is the same as "height," 
and is somet~mes expressed In 
degrees or wavelength, as well as feet 
and/or meters). Figure 7A shows the 
approximate patterns for three differ- 
ent length vertical antennas: quarter 
wavelength, half wavelength, and 5/8 
wavelength. Note that the quarter- 
wavelength antenna has the highest 
angle of radiation, as well as the lowest 
gain of the three cases. The 518- 
wavelength antenna has both the 
lowest angle of radiation and the 
highest gain (compared with isotropic). 

The patterns shown in Figure 7A 
assume a perfectly conducting ground 
underneath the antenna. However, 
that's not a possible situation for prac- 
tical antennas - all real grounds are 
lossy. The effect of ground loss pulls 
the pattern in close to the ground 
(Figure 78). Although all of the pat- 
terns are elevated from those of Fig- 
ure 7A, the relationships still remain. 
The 518-wavelength radiator has the 
lowest angle of radiation and highest 
gain. 

The feedpoint impedance of a verb 
cal antenna is a function of the radia- 
tor length. For the standard quarter- 
wavelength antenna, the feedpoint 
radiation resistance is approximately 
37 ohms, with only a very small reac- 
tance component. Figures 8A and B 
show the approx~mate feedpoint 
impedances for antennas from nearly 
zero effective length to 120 degrees of 
length. 

Antenna length as it is expressed in 
degrees derives from the fact that one 
wavelength equals 360 degrees. Thus, 
a quarter-wavelength antenna has a 
length of 360 degrees14 = 90 

Effects of ground losses on the patterns of 
the same three antennas. 

RADIATION 

/ 

, , r*,4, , , 
60 70 80 90 100 110 120 

ANTENNA LENGTH IDEGREES) 

Approximate feedpoint impedances of an- 
tennas from O0 to 120° in electrical length. 

I ANTENNA LENGTH (DEGREES) I 
Radiation resistance of antennas from On to 
60° in e l e c t r i c a l  length. 

degrees. To convert any specific length 
from degrees to wavelengths, divide 
the length In degrees by 360. Thus, for 
a 90-degree antenna: 90 degrees1360 
degrees = 114 wavelength. The graph 
in Figure 8A shows the antenna feed- 
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Basic connection of a toriodai transformer 
to a vertical antenna. 

Commercial impedance matching trans 
former. 

point impedance, both reactance and 
radiation resistance, for antennas from 
60 to 120 degrees; Figure 88 shows 
the radiation resistance for antennas 
from near zero to 60 degrees. Note 
that the radiation resistance for such 
short antennas is extremely small. For 
example, an antenna that is 30 
degrees long (301360 = 0.083 wave- 
length) has a resistance of approxi- 
mately 3 ohms. 

It's generally the practice on vertical 
antennas with an impedance-matching 
problem to use a broadband 
impedance-matching transformer to 
raise the impedance of these antennas 
to a higher value. Figure 9 shows the 
basic connection of the toroidal trans- 
former to the vertical antenna. You can 
wind a homebrew transformer follow- 
ing instructions given in The ARRL 
Handbook, other publications, or a 
past issue of this column. You can also 
use a manufactured impedance trans- 
former like the Palomar Engineers' 
model shown in Photo A. This trans- 
former is designed specifically for HF 
vertical antennas. 

Next month ... 
In the second installment of this 

three-part series I'll look at two topics: 
the installation of vertical antennas, and 
vertical antenna construction and 
mounting techniques. 

I can be reached at POI3 1099, Falls 
Church, Virglnia 22041; I'd like to have 
your comments and suggestions for 
this column. Q 

SERVICE MONITOR 
MEASUREMENTS MODEL FM 110 

Coven all bus~ness channels from 30MHz to 512MHz 
Mon~tor 2uV, frequency error dtsplay, scope dev~at~on dtsplay 
Generator Cal~brated output up to lOmV, S~nad d~splay 
Butlt-~n Tone Generator 

AMAZINGLY LOW 
PRICE OF ONLY $1 685.00 .-. . .- 

FOB - BATESBURG. SC w w 
WE ACCEPT VISA. MASTERCARD & AMERICAN EXPRESS 

AIE CORPORATION - MEASUREMENTS DIVISION @ 
PO BOX 70, BATESBURG, SOUTH CAROLINA 29006 (803)532-9256 

HAM RADIO 
Sweepstakes 
Winners List 

I 

Grand Prize Winner 

First Prize Winners 
WA1 QWG 
KM4KU 
AF3Z 
KA9RHN 
W4WZB 
W3 1 FL 
KA1 DNB 
WGDFG 
WA2EXG 
K9PQT 
WA4GMX 
N2CDR 
WAOTRF 
W3FZT 
WAGCBQ 
WA3END 
W2SWA 
WA2YNH 
WA2VTP 
K9FLX 
W4JNK 
WA2FEB 
KAOSFV 
WB3BEF 
WA2SSJ 
NOlBL 
WOLOV 
WB2EZK 
WA9SFH 
KUOL 
W2URP 
N3GIU 
W6JEU 
W4CVX 
K7ZAB 
WA9D 
WA4SLE 
KD3BZ 
W4GDW 
NSEGT 
N l  FMD 
WOFSK 
N4NFT 
W3TOL 
KCBMT 
K l  YVZ 
WSJHY 
KAl TW 
WBBIT 
K2DGW 

N4QBK 
NBHWH 
NJ4R 
WD4CBL 
WBlFwS 
N l  AXR 
W2CJ 
K1 WXY 
NGFWS 
KAl  ONF 
WF5R 
KAl QQA 
WA4DUP 
K1 VSJ 
K I  VUW 
WBIGMH 
KE3R 
K I  OPE 
WB3EFQ 
K l  TGE 
WA2TPU 
KGQJ 
W1 F W  
WB9VFM 
K2SYR 
KB2LP 
KlJG 
WB2DJQ 
WA3FlO 
K3RMF 
WA4RIP 
KGMHO 
AHGCD 
W6CKU 
K2AGI 
WA1 GFY 
WASNPT 
WOCSA 
W2UJE 
WABANP 
WODUl 
W l  VAB 
KL71F 
K5SN 
WSHSQ 
WDOCYH 
K4AOR 
K7ERG 
K9JPQ 
N9HCI 
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METRON 
KW HF Moblle 

Amplifier 
Stocked 

KITTY SAYS: W E  ARE N O W O P E N  7 DAYSA WEEK. . 
Saturday & Sunday 10 to 5 P.M. 

Monday.Fr iday 9 t o  6:30 P M  Thurs. to 8 PM 

belts.in stock IC-R7lA, 751A. 781 28AIH. MA. 48A. Micm214, 

MAY We Help You With the Best in  R-7000, 1C-765. IC-375A. 275AIH. 3210A. 475Al 

Commercial and Amateur Radios? H. 735. IC-900. IC-228H. lC725. IC448A 

Kitty WA 2BAP 

FT-767GX, FT-757GXl1, FT-747GX, 
FRG-8800, FT-736R, FRG-9600, 

KENWOOD 

Husller. KLM, METZ. 
MODUBLOX. TONNA. 

TS440SIAT. R-5000. R - m .  TS-940 SAT. TM PRlVA TE PA TCH V, Ouplex tlW0 
231Al431A. TM-2570A150N30A. TR-751Aa Ken- 
wood Service Repa~r. TM-721A, TS-7111811A. 
TM3530A. TH205AT. THPlSA, TM621A. TM- 
321A. TS140S. TS680S. RZ-1. TS-790A. 

Budnlg ANT. Pmdwh 
NEL-TECH DVK-I00 DkJU V h  KOVW 

FLUKE 77,83,05,87 Multimetm 
Mrdt.~ Mrnlorz- 
Amateur Radlo Course 

DJQOOT, DR-11 OT 
VoComlM i rage lA l i nco  
T o k y o  Hy-Power lTE SYSTEMS 
A m p l i f i e r s  & 
518AHT Gain 
A n t e n n a s  IN STOCK MFJ.1274, MFJ-1224. AEA 

AUTHORIZED 

Long-range Wlreless 
Telephone tor export In slock 

AEA 144 M H z  
AEA 220 M H z  
AEA 440 M H z  
ANTENNAS AMERITRON AUTHORIZED DEALER 

MAIL ALL ORDERS TO: BARRY ELECTRONICS CORP., 5 1 2  BROADWAY, NEW YORK CITY, NY 1 0 0 1 2  (FOUR BLOCKS NORTH OF CANAL ST.) 

We Stock: AEA. ARRL. Alinco. Arneco. Arneritron, Antenna Specialists. 
Astatic. Astron, B&K. B&W. Bencher, Bird. Butternut. CDE. CES. Cushcraft. 
Daiwa. Eirnac, Henry. Heil. Hustler. Hy-Gain, Icorn. KLM. Kantronics. Larsen. 

L L A q ~ i  Se Habla Espanol" MJF. J.W. Miller. Mirage. Nye. Palomar. RF Products. Saxton, Shure, 
COMMERCIAL RADIOS Tempo, Ten-Tec, TUBES, Yaesu. Vibroplex. Duplexers. Repeaters, Scan- 

BARRY l N T ER N AT 1 O N  A L TELEX 12-7670 STOCKED: ICOM. Motor* ners, Radio Publicat~ons, Uniden, Kenwood. Maxon, RFC. 
MERCHANDISE TAKEN O N  CONSIGNMENT ~ e , " , " ~ N s e ~ ~ " , ' ~ ~ I :  i-1 WE NOW STOCK COMMERCIAL CoMMuNtcAnous SVS~EMS 
FOR TOP PRICES palloes, HAM DEALER INQUIRES INVITED PHONE IN YOUR ORDER 6 BE REIMBURSED 

ch. Covers 27-54. 108-174. 

COUNTERS: REPEATERS 

WRITE FOR 

1 I  ond day-~rlday 9 A M lo 6 30 P M Thursday 10 COMMERCIAL RADIOS mt0ck.d a morvlcod on promlaea. 
Salurday 8 Sunday 10 A M  lo 5 P M  (Free Parking) 

Amateur Radio Courses Given On Our Premises, Call 
I R T I L E X - " S ~ ~ I ~ ~  St Statlon" Subways: BMT- 
"Prlnce St Statlon" IND-"F" Tra~n-Bwv Stallon" ALL E x ~ o r t  Orders Shlpped Immediately. TELEX 12-7670 

I I 
.. . - 

Bus: Broadway #6 to Sprtng St. path-9ih St.16th Ave. SALES 
Stat~on. FINAL FAX: 21 2-925-7001 



Tom McMullen, WlSL 

VISUAL AIDS - 
LIQUID CRYSTAL 
DISPLAYS 
In this last article in my series on vis- 
ual aids, I'll look at a type of display 
used in a multitude of products - 
including watches, volt/ohmlmilli- 
ammeters, computer screens, automo- 
tive monitoring systems, and tran- 
sceivers. (The list is far too long to 
complete here.) It's called a liquid crys- 
tal display, or LCD. The beauty of this 
type of display is that it can be 
manufactured to show characters in 
any language, or to provide a visual 
symbol in any shape. It also uses very 
little power. 

What's in it? 
The principle used in the LCD 

comes from a laboratory device for 
exploring methods of electronically 
controlling light transmission. This 
experimental device is called a Kerr 
cell (see Figures 1A and 16). It works 
as a result of polarization. The input 
and output sides of the Kerr cell have 
a polarized coating which allows light 
with the same polarization as the coat- 
ing to pass through it. When the liquid 
in the cell is polarized the same as the 
coating material, the light passes 
through. When voltage is applied to 
the electrodes, the liquid changes its 
polarization, and the light doesn't pass 
through (refer to Figure 16). 

You can werform an ex~eriment with 

Putting theory to work 

can be small enough to use in a wrist 
watch, or large enough to display 
many lines of text or graphics on a lap- 
top computer. 

A basic LCD element is shown in 
Figure 2. It consists of two pieces of 
glass with a liquid sandwiched 
between. The inner surface of each 
piece of glass is coated with a very thin 

The Kerr cell is a bulky apparatus; metallic layer which serves as anelec- 
it's most useful in laboratorv and other trical contact, and will allow liaht to 
experimental uses. The mbdern LCD pass. In its normal, unexcited state the 
is an adaptation of this principle that liquid isn't polarized (see Figure 2A). 

UNPOLARIZED 
LIGHT 

POLARIZ 

""7 
'ED \ELECTRODES 

POLARIZED KERR CELL (WITH VERTICA L POLARIZED 
INPUT SCREEN OR NEUTRAL POLARIZATION) OUTPUT SCREEN I 

APPLIED VOLTAGE POLARIZES POLARIZED LIGHT 
LIQUID IN KERR CELL CANNOT PASS 

THROUGH I 
The predecessor for today's LCD was the Kerr Cell shown here in a simplified view. A iiquid 
in the cell could be polarized by applying a voltage. When the polarization of the crystal-line 
structure In the iiquid was different from the light entering the cell, output was decreased. 

won't work. -~ook'at a light through 
both lenses, and rotate one lens as you 
do so. At some point, the light will 
decrease markedly or perhaps disap- GLASS 

pear. This is the point at which the LlQUlD 
GLASS 

lenses are polarized 90 degrees apart. 
NO VOLTAGE VOLTAGE ON 

A polarizing filter for photographic use (SEGMENT IS (SEGMENT IS 

works in a similar manner; glare and A )  TRANSPARENT) 8 )  VISIBLE l 

reflections are polarized to some 
extent, and when the filter is rotated, 
the glare can be reduced for improved The LCD used on most devices today is a sandwich of glass with a liquld crystal materlai 
photographs. between. The glass has thin metallic layers for electrical contact. 
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GLASS BACKPLANE 

LlOUlO CRYSTAL 

OLASS FRONTPLANE 

A A A  b A  b \ 
A B E F 0 O COMMON (8ACKPLANE) 

I SEGMENT CONNECTIONS I 
A common seven-segment readout element as used In many numeric applications today. 
A simple, inexpensive driver IC activates the proper segments to form numbers. 

When voltage is applied to the metal- 
lic layer, the crystalline structure in the 
liquid changes direction (polarization) 
and stops the light. Most LCDs 
depend upon reflected light; when you 
view the display from the front, you see 
the outline of whatever shape the 
metallic segment has as a silhouette 
against the reflective backplane 
Figure 28. 

In its sim~lest form (in clocks, 

energize for the pattern required. 
Figure 5 shows the letter N. It's formed 
by first activating all the rows (0 through 
6) along with column 0. The driver then 
activates row 4 and column 1, row 3 
and column 2, row 2 and column 3, 
and finally rows 0 through 6 and 
column 4. The polarity of the liquid 
(actually, in many devices it's almost a 
jelly) behind each dot changes, shut- 
tina off the reflected liaht. What vou 

watches, calculators, and other strictly see is the dark letter against a ~ ; ~ h t  
numeric readout devices) each seg- background. 
men? of a number is a conducting 
transparent layer connected to a con- 
tact - much the same as the LED 
seven-segment display I described last 
month. Figure 3 shows a seven- 
segment LCD readout display. A sim- 
ple decoder IC can drive the desired 
segments to form a number. Some 
LCDs have a large number of seg- 
ments and can form letters as well as 
numbers, in what's called an alphanu- 
merrc drsplay. 

Complex characters 
Even greater versatility is obtained 

by forming the characters with an array 
of dots that can be turned on or off 
individually. This type of readout is 
called a dot-matrix LCD. The dot pat- 
tern is often five or six dots wide and 
seven or eight dots high, but there are 
many other possibilities. Figure 4 
shows an example of a 5 x 7 matrix. 

This type of display requires a more 
sophisticated driver. It operates by 
decoding the incoming data and 
deciding which rows or columns to 

What keeps the first vertical column 
of the N from d~sappearing while the 
driver is working on the rest of the 
letter? Once you have "turned on" 
polarized liquid, it stays that way until 
another voltage application turns it off. 
This is where the low power consump- 
tion advantage comes in. You don't 
need to keep voltage on the segment 
all the time - just refresh it once in a 
while with another pulse of voltage to 
keep it from fading away. Without 
refreshing, LCDs fade after a while; 
some ~nexpensive ones disappear in 
a few minutes, but better ones last 
much longer: They change gradually 
from black, to grey, to clear. 

Of course, the more dots you have 
the more metallic contacts you need, 
and the more complex the driver cir- 
cuitry must be. Modern microproces- 
sors and driver ICs can handle this 
with ease. Multiple digit readouts use 
a technique called "strobing." The 
driver turns on the correct dots or seg- 
ments in the first character, then goes 
to the next one and activates it, and so 

An army of dots forms a matrix tor complex 
characters. This army is five dots wide by 
seven dots high; many other combinations 
are possible. 

on, until all characters are active. 
If there are multiple lines (as there 

are on a computer screen), the driver 
can work on one line after the other. It 
moves down the screen so fast that 

The letter "N" formed by activating the cor- 
rect rows and columns of a dot-matrix dls- 
play. See text. 
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your eye doesn't see any flicker, then 
returns to the top to either refresh the 
first line of characters or to make 
changes in it. 

Of course all these metaled spots, 
rows, and columns require connec- 
tions to the outside world so the driver 
circuits can apply voltage. There are a 
large number of connections at the 
edge of the glass readout device, and 
these are somewhat fragile. However, 
most LCD assemblies are packaged in 
such a way that you can't damage 
them if you take reasonable care. Flex- 
ible ribbon cable is often used to make 
connections between the LCD and the 
rest ot the circuits. LCDs do have the 
slight disadvantage of being temper- 
ature sensitive. People traveling in cold 
climates are accustomed to seeing the 
wrong time on the~r automotive clocks 
until the heater has warmed the pas- 
senger compartment, and the liquid in 
the LCD has thawed enough to 
respond to voltage pulses. The elec- 
tronics for the clock continue to work 
normally, so when the LCD thaws out 
it suddenly shows the correct time. 
Latest advances in LCD technology 
have produced displays in many 
colors: vou'll see them in some of the 
newer dmateur transceivers, and some 
computer screens. An item that caught 
my eye just recently was a book-sized 
AMlFMlN receiver with a flip-up 
screen. The screen was an LCD 
approximately 4 x 5 inches, showing 
a color TV program in amazing clarity. 
What an improvement compared to 
the first color N set I saw. It took two 
people to move, and used three 
cathode-ray tubes and filters to pro- 
duce a color image. The modern LCD 
version fits in a briefcase and has a 
better picture too! 

Coming in my next column - what 
you can do with simple, inexpensive 
~nstrumentation. GI 

Quick interconnect @ 
~ F c d A o d ~ k . ~ ~ ~ C o l a c o d d ~ X ~ A Y I m  .RdlrM.. 
SWI'C- from roblie to shack In seconds Interchange pow- 
er suppt~es are rlgs In moments Interconnect 7 baltey 
charcer confroller solar panel generator backup con- 
venf,onal power onsfantly In any combmation Create cus- 
tom ru1f1-pole connectors in seconds w/ lego.tke slack~ng 
Easv cr~mDJsotder aswrnblv No soeclal fools reaufred 

o w  receive or FjT's, or wire 21 separate computer vii~ RS-2.32 
leave messages cahle into your mobile and you're ready to call 

\\ 11 I 1  c )[her local hams or bilse VHF or I ' I  11: a fast-growing numher 
uvng the 16K Bulletin rig.<:onnect vour 
Hoard featured on the The HK-21 Pocket 
smallest TNC av:~ilahle- Packet requires only a 
the IleathN HK-21 single 12 \'I)C@ 40mA 
I'ocket Packet. pnver source or as 

The RHS operates little as 29mA from an 
under your call with optional 1lh;A-21.1, 
simple commands internally mounted 4.8 
like Send or Write a \.ol t, I20 mAh, NI<:AI) 
message. Kill a niessage battery. 
and rend the File The Heath" HK- 
messages currently on 21 Pocket Packet - 
the syhtem. And the $219.95 " W I ~ N  HK-21 Pocket Packet is nrl prtcr I 

hlllp TN<;-2 compatihlc. .li) ortler, call 
Hookup is easy. 1-800-253-0570 

Plug in supplied cables 
instantly to most For information on 

Heath's complete 
line of aniatei~r radio 
products call 

- . , ..--- - --..-. 
Heathkit" catalog. 

A suhsidlar) or rxn% . 
Elecrn~nics Corpnarhm. Heath Company 
1'319HY. Hcarh Cttmpnny Benton Harbor, MI 49022 

New Handsome Custom Albums To Collect, protect & 0qanize Your Hard-Earned 
llSL Cards.. .Plus Special Albums for DXCC, WAS1 WAC, & WAZ Radio Awards 

Throw out Ihe shoe boxes Gel yocir OSLr orqarilred wlth thf' 
new k fmuth  Awards OSL Library The p~r ie r t  way lo fllsplay 
Ihe cards lor your prestlqlous awards-lor easy vlewlnq 
Each padded vlnyl album comes complete with 20 heavy duty 
crystal clear s l ~ p - ~ n  pocketed vlnyl paqes (each holds 6 
cards1 
Now avatlable lor the mosl prestlglous awards In amateur 
rad~o order all and organlze your cards lor each award 

DX Century Club - Worked All Zones -Worked All Stales 6 
Conllnenls . 6 a general OSL Album lor any purpose1 
Looks great In your shack1 Nred more paqes? Order extra 
pages (20 pack) 
Satlslacl~on Guaranteedl It no1 completely delighted return 
you1 pur~hase In 10 days lor a money-back refund 

Call or Send For Your Azimuth a 
(ISL Award Library Today! 
SEN0 TO: ktrnuth Awards Llbrarv DeDt 01 
11845 W Olymp~c BI . Sulte 11011, Los Anqeles. CA 900114 
1-113-473-1332 lor Intormallon 

r- FREE BONUS WITH TWO OR MORE ALBUMS! - 
Gel 1.1, NI'H a, tmlr l t~  AwatC\n~v> ' I  I hlnq 
Sottw.~re t i l t  t h ~  IHM PC 1513 '35 valur2t 
Freet t xcluslvr new proqram h ~ l p s  you 
stay on top 01 contart5 by band Lard, 
sent and recelved and much much 

( more lo monttor your radio award pro0r6 'w I 
k ~ m u t h  OSL Awards L~brary-Each lust $19 95 plus 52 50 
shtpplng 8 handltng 
Spec~ty 1) DXCC 2) WAZ 3) WASWAC 4) Standard Album 
Extra 20 Page Packs Just $12 95 ($2 50 SLH) 
Enclosecheck or money order (Cal Res add 6 5% lax I 
VISA or MastsrCard. (Foreign orders trfple SLH) 

Credit Card Orders Call Today Toll Free 
Nationwide 1-800-882-7388 

(9AM 10 IbPM f '  ) I  I Mddr I= 
Allow 4 to 6 Weeks DI~~IVI*I~ In USA - 

MCMLXXXIX A/!mulh Lon~rnun~cat~ons Corporatnon = 
f l  175 
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Morse Code Tutor Program 
Morse The Code Machlne" by Laresco, a 

morse code tutor for Apple II serles and C-64 
computers. 1s des~gned to teach code recognl- 
tlon and bulld speed It can be used by some- 
one preparing for the Novlce exam, anyone who 
wants to upgrade, or by the ham who slmply 
wants to Increase code speed There are 12 
different software packages avallable, from the 
baslc Fundamental to the "all frills" El~te+ Each 
successive verslon of the program Includes 
more modes and features Purchasing a code 
osc~llator lets you take advantage of the manual's 
code sendlng lessons 

The Fundamental package 1s a "bare bones" 
verslon of the program It generates code 
sounds for characters In text memory No 
characters are displayed on the screen You 
practlce wr~tlng the characters on paper for the 
code you hear After completing the sesslon you 
can vlew the text In memory and compare 11 w~th 
what you wrote 

I worked wlth the El~te+ verslon It has three 
learnlng modes teach drill, and practlce Each 
mode 1s broken down Into sectlons wt.rlch let you 
lallor your learnrng experience and concentrate 
on your weakest areas The manual suggests 
you use all three modes In two dally sesslons 
for the best posslble code workout 

Teach mode concentrates on baslc Morse 
code recogn~tlon You can use any one of flve 
dlfferenl teachlng modes Each concentrates on 
gettlng you to connect the letter w~th 11s partcu- 
lar code sounds Code can be self- or machlne 
generated 

In drill mode, you work to Increase your recog- 
n111on of what you've learned In teach mode 
Characters or code sounds are generated by 
the computer and stored In a buffer You have 
the opt~on of matchlng the character w~th the 
code, or the code w~th the character, by h~t t~ng 
the appropriate key on the keyboard The com- 
puter corrects you when you make a mrstake 

After you've worked w~th the teach and drill 
modes, you can Improve your code recogn~tlon 
speed wrth practlce mode Th~s mode allo* you 
to practlce what you've learned uslng self- or 
computer-generated text 

Dependlng on whlch package you purchase. 
text can be typed In or loaded from a DOS 3 3  
dlsk llle You also have the opt~on of savlng text 
memory to dlsk or vewlng text memory on the 
screen All packages allow you to choose 
extended sound spaclng (I e , spaclng between 
dots and dashes wlthrn a character) and trans- 
mlsslon tone frequency. the "+" packages also 
have extended character and word spaclng 
capablllt~es The more complex packages 

Include color graphlcs, but you don't need a 
color rnon~tor to use the graphlcs modes The 
Fundamental and Fundamental + verslons 
come w~th an 18-page abbrlevated manual All 
other packages come w~th a 33-page detalled 
manual whlch describes all the modes and fea- 
tures, and Includes baslc lesson plans For more 
lnformatron on the drfferent packages and therr 
capablllt~es contact Laresco. POB 2018 1200 
Rlng Road Calumet Clty Illlno~s. 60409 
Phone (312)891.3279 

It took me a few hours of playlng around w~th 
the program and 11s varlous opt~ons to reallze 
all 11 could do for me I'm not very "computer I~ter- 
ate" so there were a few thlngs that I had to learn 
by tr~al and error My b~ggest mlstake was In not 
taklng the lrme lo s~t  down and read the man- 
ual thoroughly 

On the whole, however, I thlnk the "Code 
Machlne" 1s a useful tool for learnlnq the code 
Dependlng on the package you choose, you 
have several d~fferent waw lo learn. But vou don't 
have to take my word for 111 My e~ght-year.old son 
dropped by my offlce whlle I was playlng w~th 
the program Wlthln 15 mlnutes of uslng "Morse 
The Code Mach~ne." he recognrzed many more 
letters than he had when he started and 11 took 
some persuading so I could get In on the fun tool 

de KAlSTC 

NEW PRODUCTS 

Packet Talker all actlve parameters, volce messages, and 
Eno~neer~na Consult~na announces the remote Droarammlna of all Darameters from anv 

"~ac ie t  Talkerd model PKT&O~ the Commodore 
64 and compat~ble computers The PKTA uses 
software to convert ASCII messages lnto speech 
Messages can be stored In bulletln board for 
mat for up to 300 users, they can be retrieved 
by preass~gned touchtone access commands 
Each message IS spoken over the atr from the 
computer's volce synthesizer Use the Packet 
Talker wlth repeater controllers to add a talklng 
packet bulletln board, or hear messages from 
a personal moblle packet termlnal 

The PKTA can llnk a packet TNC wrth any 
volce repeater Hardware and software are 
provlded for lnterfaclng to the C.64 Audio from 
the TNC and PlT clrcu~ts of the transceiver corn. 
blne w~th the computer's volce allowlng conven. 
t~onal packet communlcatlons and vorce retr~eval 
of messages on request 

A stmllar optlon (PK8 and PK1) 1s avallable for 
Ultra ComShack 64 repeater controllers When 
used w~th the Ultra, the Packet Talker allows com- 
plete repeater control, remote screen transfer of 

off-s~te TNC termlna; 
The model PKTA Packet Talker sells tor 

$18995 and IS avarlable from Englneerrng Con- 
sultlng. 583 Candlewood Street. Brea Callfor. 
nla 92621 Phone (714)671-2009 or FAX 
(714)255-9984 

New Field Calibration 
Power Sensor 

Bird Electronrc Corporatron has announced 
the model 4029 Power Sensor Callbrator for use 
w~th thelr 4420 serles RF power meters W~th a 
CRT termlnal or a PC w~th a serlal port. the 4029 
prw~des In f~eld cal~brat~on of 4420 power meters 
to wlthtn k 3  percent of a known RF standard 

The 4029 suppl~es a menu-dr~ven protocol to 
the termlnal to atd In the cal~brat~on process You 
dr~ve a 4020 serles RF power sensor connected 
lo the callbrator w~th a known amount of RF 
power at a speclflc frequency. and enter the 

power level rnto the termlnal keyboard The 
callbrator calculates and stores a correction fac- 
tor In the power sensor's memory for that fre- 
quency 

Blrd also has the model 4024 Dlrect~onal 
Power Sensor the latest addltlon to the 4020 
serles of Thrullne* deslgn RF sensors The fre- 
quency range of the unlt IS 1 5 to 32 MHz at up 
to 10 kW Other sensors In the sertes cover 
ranges from 1 8 to 32 MHz and 25 to 1000 MHz 
at up to 1 kW All 4020 models are uncond~tlon- 
ally guaranteed for llfe 
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COMPUTER SOFTWARE 
LOW BAND DX-ING COMPUTER 
PROGRAMS 

RF-CAD ELECTRONICS DESIGN 

by John Oevoldere, ON4UN - 30 pro rams for Chip Lohman 
PROGRAM - Version 3.7 Includes 

Appb 11, MS-DOS, commodore c.128 and lntermodulation and Distortion Prouram 
bypm CPM Computers by Joe Relrer, WlJR and Gary Field, WAIGRC 
Just about every ~ntcrcst w need 1s covered-from antenna be- r v r r t u n  RADIO COMPUTER SDFWARE For ISM PC and compalible computers 
sign and optlmlzahon to general operallng programs Antenna pro- Thla software package has been wrlnen by eleclron~c engineers 
grams Include: shunt and series input L network design, feedllne and conlains nearly 40 tested and proven programs Emphasis 
tansformer, shunt nelwwk design. SWR calcula(ion, plus 11 more! MASTER LOG New Version has been placed upon ease of use. Programs include: Filters, LC. 
General Ham programs include: sunrise/sunset. great c~rcle dls- ~~~t~~ a tile of 2100 individual wllh up to active. LP. HP. BP; Inductor design, torroid, solenold, straight wire. 
lances, grayline, vertical antenna design program, sunrise calen- 13 dltferenl cntles per record. 11 can do a search select based Matching networks; Crlslal oscillators: Microstrip: Transmission 
dar plus 9 more! O 1986. upon frequency, and keeps tack cf DXCC and WAS lines; Antennas. Yagi-Uda, helix, dish, horn, element scaling; PI 
OUN-Apple 11 $39.95 status, prints OSL labels and can search its whole file In less than and anenuators. Also Included FM 

DUN-MS (Ms-00s) 5 seconds! compkle documentation is inc,,ded to help you learn modulabon analysis. Miscellaneous conversions: Geostalonary sat- z:::: and use mls lruely state.of.the.an logging bls88, ellite po~ntlng. Moon tncklng alds. Recelwr m s e  figure caicula- 
DUN-CPMIKaypm w9.95 OHO-ML (For C-64) tlons and Spurious recelver response prediction Requlres IBM- 
Ou#-c-128 (coMhloooRE C128) s28.95 PC with at least one floppy dr~ve and 128k of RAM. O 1985 

0UN.MAC (MACINTOSH) U9.95 SUPER LOG DRF-CAD (MS-DOS) $39.95 

Super Log gives you all me advantages of a cornputenzed data DX EDGE MS-DOS AND C.64 software 
base wlMout sign~ficantly changing W badtbonal log format. Super 

SKYCOM 1.0 software for MS-DOS & MAC ~ o g  also allows you to pnnt out either selected contents or the Particularly helpful in determlnlng long path and grey line open- 

by Paul Sthmld, W4HET whole log. Will print OSLs. ings. Super fast speed and danllng graphics make thls program 
a treat to use. The MS-WS verslon also includes a close up (zoom) 

Worldwide HF predlct~ons from your city or town using the latest OHo-PC (For C-64) $19.95 feature lor detailed examinat~on, a MUF calculator and a great clr- 
in propagation technology. Tells you when and on what frequen. Cle bearing routine. All Call sign prefixes and coulry names are 
cy to tune your radio to work DX. Also takes into account total CONTEST LOG bull1 Into the data base for easy pinpointing of locations. MS-DOS 
Pam loss for maximum usefulness. Available in both Macintosh 

This disk contains four different programs; ARRL Sweep. vers~on also color compatible Requires 2 disk dnves. 348k of mem- 
and MS-DOS formals 
OES-MI (MS-DOS) stakes. held Day, Un~versal WW Contest log, plus a dupe check- OrY. nerculess CGA Or EGA graphics and 2.1 Or later. 

W9.O5 ing routine Automatically enters dale. bme, band and serial number OXN-oOS (IBM Or comprtlble cornputen) $34.95 
OEs-MAC (MACINTOSH) U9.95 for each contact. When lhe contest 1s over. the program will prlnl OXN-C64 (C-64 computer) $34.95 

your results listing all duped and scored contacts in sera sequence OXN-OX rule venlon) 
DX WINDOW for MAC with all me necessary information as well as completed score at $22.95 

by Paul Schmidt, W4HET 
the bonom of the page. 

Use your Macintosh to determine greyllne openings for slatlons 
UHO-CL (For C-64) $24.95 

around me world. Automatically calculates sunrise or sunset Ilmes Please enclose $3.75 shipping 8 handling 
lor aver 400 locatlons on Me globe, Invaluable ald lor lowband 
DX'ers Requlres Mac 512 or later 
OES-OX (MACINTOSH) $59.95 

HAM RADIO'S 
BOOKSTORE 

Greenville, NH 03048 (603) 878-1441 



Industrial Equipmentllnstrumentation 
hl~ir ,  ~ ~ U , C V . I I  8 .  1 , 1 1 8 , l  

i 111111 IIII,I~M,WI~III. 

General Communications 
k h.trrnrl rlrrnf.!ll \I.IVK+. (V I I I  IIIIII) 

1 I . , , ,  .: ,.,. 8 9 .  . I#. 11.1 .. MnntlorVkannrrJI'~iqrr\ 

AmateurslZ-MeterlGeneral Coverage 
CBlHobbiestlExperimenter 

\(qtv81 c m c  < \ I f  rhv 

TOLL R E €  1-800-237-3061 
PH 8 1 3 - 9 3 6 2 1 0 9 M  510-951-7448W( 813-939-4226 
TOU FREE IN THE U.S.A. EXCEPT FLORIDA. AWKA HAWAII 

ANTENNA ANALYSIS I 
Thr  nt-w YN propnnl w~ll  annlvzc. nlmoslany anlvnna 
made nC wtrr or luh~ng.  Compulr finward gatn. 12113. 
hrnmundlh. sidclobrs, current. t rnpdi~ncr .  SWR, nrnr- 
Rrlds, nnd far-f i r ld~,  in Rr r  upace or nvrr rrnlislicnlly- 
m ~ l r l r d  rar ih.  I'lot antrnna rndintinn patterns on your 
~ n p h t r s  ncrrrn. MN can cnmputt~ thr  Interactton among 
crvrrnl nrnrhy antmnns. Thr  5.114" MN disk mntnins 
ovrr 100 Rlrs, includ~ng lihranes of antenna and plot 
Rlcss, a Rlr rd ib r ,  and rxtrnsive documrntnt~on. MN IS 

an  enhanced, rnsy-to-usr version of MININEC for II3M- 
IT. $75 (XHO CA  OWI IF). 

I YAGI OPTIMIZER 
Thr  rrmnrknhlr new YO pmpriin!tlomnl~cnllv nd~usls  
Yagi plrmrnt l enehs  nnd spnctngs (n mnxlmlcr forward 
gnln, opt~mrcr pnttpm. and mrnlmazr SWK. lbdinlion 
pallrrns r r l  hand crntrr  rtnd rdgru nrr  updated on your 
scrrrn dunng  optlm!znlion. YO 1s rxtrrmrly fast, mm- 
putrng r v e r a l  trial Yap  designs per rpmnd with 8087. 
YO i s  a carnplrtr Yap  d r s t p  p n c k a ~ . ~  for II3M.l'C. 
conlnining rnodrls for gumma and hn~rptn matches, ele. 
men1 tnpiving. mounltng platen, nnd frrqurncv urnling. 
A lihrnrv of Yam Rlrs and rxlrnrive dorumentiltion are 
included. SW ;$95 ('A I r o ~ l p ) .  

7'0 nnlrr. send a check lo: 
Brian RFerley. KWTI. 507-In Tnylor. V~nln. CA 92084 

M # A m  m MIXER INTERFACE 

~ L O W ~ , I B m a c 1 1 V  
U I I V  TO INTERFACE 

OM -.MIXIMONIT~~ 
YVra CONTROL 

NEW PRODUCTS 
For further tnformatlon contact Btrd Electron~c 

Corporation. 30303 Aurora Road Cleveland 
(Solon). Ohto 44139 Phone (216)248-1200 

Circle W301 on Reader Sewlce Cad. 

AVCOM's PSA-65A Portable 
Spectrum Analyzer 

AVCOM introduces 115 portable spectrum 
analyzer, model PSA-65A It covers frequencles 
through 1000 MHz In one sweep with a sensl- 
llvlty greater than -90 dBm at narrow spans 
The llghtwelght battery or Ilne-operated spec- 
trum analyler 1s for two-way radlo, cellular, cable. 
and other uses. Optlons Include frequency 
extenders to enable the PSA-65A to be used at 
Satcom and h~gher frequencles. audlo demod 
for monltorlng, log perlodlc antennas, and car. 
rytng case For brochure and spec sheet con- 
tact AVCOM of VA. lnc . 500 Southlake Boule- 
vard. Richmond. Vlrgrnla 23236 Phone 
(804)794-2500. FAX (804)794-8284. or TLX 70. 
1545 AVCOM UD 

Circle 1302 on Reader Sewlce Cad. 

Antenna Specialists 
Company Catalog 

The Antenna Spec~altsts Company has 
released a new Amateur Radlo products cata- 
log, no HM-1001 It lists over 30 models of 
moblle antennas, base antennas. power dlvld- 
ers, and RF power ampllf~ers Included are the 
patented DURA.FLEXm' neoprene elastomer 
shock sprrng models, and On-Glassm wlndow 
mount moblle antennas. A copy of the catalog 
is available from The Antenna Specialists Com- 
pany. 30500 Bruce lndustrtal Parkway. Cleve- 
land. Ohlo 44139-3996. Phone: (216)349-8400 
or FAX (216)349-8407. 

Circle 1303 on Reader Sewice Cad. 

Phillips Drivers Tooled for 
Foreign Electronics 

Jenser I Tools offers a set of SIX Phillips screw- 
drivers tooled for Japanese. European, and 
other forergn equipment. These Telvac drlvers 
are made of hardened steel wlth standard grlp. 
acid-resdant plastic handles. The set, prlced at 
$12.95. 1s featured In Jensen's free 1989190 cata- 
log. 

For more informahon wrlte or call Jensen 
Tools. Inc.. 7815 S. 46th Street. Phoenlx. Arizona 
85044. Phone. (602)968-6231. 

Clrcle 1304 on Reader Service Cad. 
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KIT, ONLY $675 - -  - 

WIRED $975 
VHF OR UHF 

FEATURES: 
SENSITIVITY SECOND TO NONE! GaAsFEl front end on vhf 

models glves 1248 SlNADof 0.12uV (vhf). 0.15uV(220). UHF model 
0.25uV std. 0.luV w ~ t h  ootional helical resonator DreamD. 

LNG -(*) 
GaAs FET 
PREAMP 

ONLY $59! 
Wlrednested 

FEATURES: 
*Very Low Noise: 0.7dB VHF. 0.8dB UHF 

*High Csln: 13,2068, depending on frequency 
*SELECTIVITY THAT CANT BE BEAT1 Both 8-pole i t a l  filter & *WldeDynmkRange: toreslst overload 
ceramlc fllter for > 108dB at only + 12kHz. Helical resonator front .stable: new.type dual.gate G ~ A ~  RT 
end to combat desense & Intermod. 
*CLEAN, STABLE TRANSMITTER, up to  18W output standard: 50W 

; ~ ~ , " ; " [ ; , t ~ ~ ~ ~ ~ 2 ~ ~ ~ , 2 ~ ~ b ~ ~ : 5 ~ ;  
wlth accessory power ampl~f~er. , 800.960 MHZ. 
*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, f~eld-programmable CWID, flutter-proof squelch. 
automatic frequency control to compensate for off-frequency trans- 
mltters (all standard features). 
*Full range of options avallable. such as autopatch, phone line or 
rad~o remote control, sub-aud~ble tones, duplexers. 

T k - * ; - 3  w -- i - 7  y y ~ d  lbnnz;r-C 

-*,, *. - lA -I Ah h t f r *  ---  - 
d 1 -. % - 1 - ,- 

- 
*FM EXCITERS: 
K~ts  $99. Wlt $179. 2W 
continuous duty TCXO & 

mTA51 for l@M, 6M. 2M. 
158-114.229 MHz. 
*TA451 for uhf. 
FCC type accepted for commerc~al bands 

GaAs FET Preamp 
slmllar to LNG. except destgned for low cost 
&small size. Only 5I8"W x 1-518'L x 314'H. 
Easlly mounts In many rad~os. 
' Specify tun~n~ range desired 25.35. 35-55. 
55-90. 90-120. 120-150. 150-200. 200.270. 
or 400.500 MHz 

COR-3 REPEATER CONTROL; , 
LER kit. Features adjustable tall 
& time-out t~mers, sol~d-state 
relay, courtesy beep, and local 

................... speaker amplif~er. $49 : 
CWID kii. Diode programmed. 
adjustable tone, speed, and tlmer. 

.................. to go with COR-3. $59 1 

NEW COR-4 kit. Complete COR 
and CWID all on one board for 
easy construction. CMOS logic 
for low power consumption. 
Many new features. EPROM pro- 
grammed; speclty call letters..$99 

NEW TD-3 SUBAUDIBLE TONE 
DECODER/ENCODER klt. ... $24 

TD-2 DTMF DECODER/CON- 
TROLLER ktt. Full 16 d~gits, wlth 
toll-call restrlctor, programmable. 
Can turn 5 functions on/off. Great 
for selective calling, too! ......... 579 

AP-3 AUTOPATCH kit. Use with 
above for repeater autopatch. 
Reverse patch and phone llne 
remote control are std. ........... $79 

AP-2 SIMPLEX AUTOPATCH 
T~ming Board ktt. Use wlth above 
for simplex operation. ............ $39 

MO-202 FSK DATA MODULA- 
TOR kit. Run up to 1200 baud 
d~g~tal signals through any fm 
transmitter w~th full handshakes. 
Rad~o llnk computers, telemetry 
gear, etc. ................................ $39 

*Call for latest lnformatlon on 900 MHz transrnltters DE-202 FSK DEMODULATOR 
*VHF UHF AMPLIFIERS. For FM, SSB. ATV output from 10  LNSm(* k~ For recetve end of l~nk $39 
to 50 Watts Several models. k ~ t s  start~ng at $79. IN-LINE 9600 BAUD DIGITAL RF LINKS. 

PREAMP 
Low-cost packet networking 
system, conslstlng of new MO-96 
Modem and speccal verslons of 

ONLY $791 our 220 or 450 mHz FM Trans- ' *R144/R220 FM RECEIVERS for 2M. 
mltters and Receivers. Interface 

$99 wired/tested 
dlrectly w~th most TNC's Fast, 

150-174, or 220 MHz GaAs FET d~ode-sw~tched PA's output 15 or 
front end. 0.12uVsens1t1~1tyl 50W Call for ~n lo  on the rrght 
Both crystal & cerarnlc GaAs FET Preamp w~th features slmllar to LNG system lor your appltcar~onl 

f1lter.s plus hellcat resonator serles except automstlwlly swltchb, out of 

, front end for except~onal line dudng transmit. Use wlth base or moblle Ilb . . 
transce~vers up to 25W k2JJLR selectlv~ty > 100dB at f l2kHz 

(best avallable anywhere)! 4 .-.C -r-L 
'Spec~fy tun~ng range desired 120 175 

An,," l PC r * 
Flutter-proof squelch AFC tracks 200 240 or 400 500 MHZ --P lnnvl a ~ n m  ovlpvl  

dr~ftlng transrnltters. 
I Kit $149, wit $229. fT-fl 5 0 %  :::: I.::;; 1.4 1.8 

*R451 UHF FM RCVR. S~mllar to above. Tuned l~ne  front end. VHF 
116 110 18 30 
14. 116 1110 

0 25uV sens. (0 luV w ~ t h  opt~onal he1 res. preamp) Kit $149. MODELS 1 1 5 ~ 4 7  1830 

Kit wlthCate 159 1.6 148 1 s  30 

wit $229 w ~ t  less case 139 :::::: z: zt 
mR981 FM RCVR FOR 900 MHz. Triple-COnve~lOn. GaAs FET front LOW nolse preamps w~th helical resonators Wlfedwlcarc 1 1 18 30 

end 0.2uV sens. Klt f 169, wlt $259. reduce intennod & cross-band ~nterference ~n 
UHF MODELS 169 ::$: :: :t 4 7 6  ECONOMY VHF FM RCVR for 10M. 6M, 2M. 220 Wlthout he1 cr~t~ca~app~~cat~ons KII d t h  Case 431.16 I44 la8 

res or afc Kits only $129 MODEL HRA-(*), $49 vhf. $84 uhf n~t~tsscase $49 1 1 6  a1915 6: so 1s 54 

*Weather satellite & AM AlrcmR mcelvem also avsll. W~rsd wrcass 199 ,, ,,, ,,, ,,, 
SpecHy tuning range desired 142- 150, 150- 902 PI1 430450 

See catalog for fuNllw 0121 tran 
FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS A VAIUBLE 

16*' 16' 17" 'I3 233' rg454' 475 
converters for vhf 6 uhf Hits on 

FOR HIGH-BAND AND UHF. CALL FOR DETAILS. Iincar Amplilten avall up to ! 

' -  ---- -' 



circuit. ~ n i  
utornaticall) 
Delta first! 

wltch featul . .  . 

Exclusive center "off" (ground) pc 
Internally disconnects and ground 
antenna circuits for maximum prl 
when operator IS away from the 
- an Alpha Delta first1 
Incorporates the famous replacea 
Plug' cartridge for continuous pruleLllull ,-- 

of the active antenna 
antenna circults are a 
arounded - an Al~ha N-tyr 

-.. 
~tectlon 
Station 

ble Arc- 

4 

Positiv 

available with 
Ie connectors 

MFJ-557 deluxe code practice osclllator for 
$24.95. It features a straight Morse key and a 
code oscillalor wlth a bullt-ln speaker, mounted 
together on a non-sktd heavy steel base. A vol- 
ume control lels you adjust ~t from barely audi- 
ble to full sound. A tone control gives you a wlde 
tone adjustment. An earphone jack is included. 

The osclllator runs on a 9-volt battery (not 
included) or 110 volts AC wlth an optional power 
supply ($9.95) that plugs Into a jack on the slde 
of the MFJ-557. The slralght key features screw- 
adjustable contacts and can be hooked to your 
transmitter and used for sendlng code over the 

The Model DELTA-4 St ,e detent roller bearing switch air. The measures 8-112 x 2-114 x 3-314 inches. 
custom designed cast nouslng wltn drlve tells you which position you're In It comes wlth MFJ's one-year unconditional 
constant ~mpedance micro-strip cavity . . . wlthout guessing.. . w~thout looking. guarantee. construction for outstanding performance DELTA-4 handles full legal power. 
through UHF. No lossy wafer switches Designed and produced In the U.S.A. by 
are used. Alpha Delta. 

Model DELTA-4 (UHF connectors. SO0 MHz) . . . . . . . . . . . . . . . . . $74.95 
Model DELTA-4/N (N-type connectors. 1.3 GHz) . . . . . . . . . . . . . .589.95 

Available from your local Alpha Delta Dealer or direct. Add 
54.00 shipping and handling (U.S.A. only) Exports quoted. 9F 

I- See Data Sheet for surge limitations. 

ALPJCAWL'CA C Q W ~ T K m Z . I ~ .  @ 
P 0 Box 571.  Crnl~rvili(~. OH 45.1511 (513) 435-4772 Ordi.rs 

current solutions to current problems 

THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX" 
plr( NO. II~~VIIOU  la 
321.110840 2 PST 28 VOll  C08118t nl*. 

Amphaol 
lnrsrtlon IOU: 0 l o  0.750L. 
0 1OdB 
Power ntln(: 0 lo O.Ui)tl. 1W 
Walls CW. 2 kW peak 
trolallon: 0.1 GR'4Sdb. 0.2 GW $25 mad 
4Odb. 0 4 GHL35db Wed 

83.822 PL 259 Tellon, Anlphenal 1 75 
PL-259lST UHk Male S~lver T~llon. USA 1 50 
UG.21DIU N Male RG-8. 213. 214. Amphenol 3 25 
UG-21BIU N Male RG.8.213.214. Klngs 4 00 
99131PIN N Male Pln lor 9913.9086.8214 

111s UG-21DIU 1 UG.21BIU N's 150 
UG-21Di¶913 N Male lor RG-8 wllh 9913 Pln 3 95 
UG-21019913 N Male lor RG.8 wllh 9913 Pin 5 75 
UG.146AlU N Male lo SO-239. Teflon USA 600 
UG.83AIU N Female to SO 239. Tellon USA 6 00 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Gaithersburg, MD 20877 

(301 ) 840-5477 
VISAIMASTERCARD. Add 4% 
Prlces Do No1 Include Shlpplng 

fl 182 For more lnformatton contact MFJ Enterpr~ses. 
Inc., PO Box 494. Mtss~ss~pp~ Slate. MISSISSIPPI 
39762. Phone. (601)323-5869. To order, call toll 
free (800)647-1800. 

Circle U305 on Header Servlce Card. 

I 
I Factory Authorized Dealer 8 Service For : 
I 
I 
I KENWOOD 

I 
I 
I 

I I 
I YAESU I 

I Call Us For I 
I 
I Great Prices & Great Service I 
I I 
I TOLL FREE ORDER LINE 1400-344-3144 I 
I ton,,nmm., U * & 1e.ar I 

New Software 
Logging Program 

Hamlog IS a new lnodular auto-logg~ng soft- 
ware program by Ernest Sandoe. KAlAWH 

Th~s stand alone user frlendly program has 
over 17 modules and can be supplled to run In 
Turbo BASIC or MSlPC BASIC for IBM compat- 
tbles It works well on 64K 

"Hamlog" 1s also avallable for over 130 differ- 
ent computersuslng IheCPlM operat~ng system. 
and for Apple computers ustng Apple BASIC 

An opt~onal QSL label writlng program 1s ava~l- 
able for $5 plus $2 shipptng and handling. 

Send $2495 ($19.95 for Apple verslon) to Er- 
nest Sandoe. KAlAWH. POB 2015. Peabody. 
Massachusetts 01960. (Massachusetts restdents 
include 5-percent sales tax.) 

Clrcle C306 on Reader Service Card. 

88 Ham Rad~o/August 1989 



Thomas Y Cefalo, JL, WAlSPI, 29 Oak Street, Win- 
chestel; Massachusetts 01801 

T he immediate brake engagement that may occur 
when a rotation motor is de-energized is a problem 
common to some rotors. It doesn't usually present 

much trouble with a light antenna load, but with larger loads 
the additional stress applied to the rotor and the tower can be 
damaging. To avoid this possibility, manufacturers have incor- 
porated aseparate brakecontrol into their rotor control units 
which lets the operator manually operate the brake. This 
solves the problem for the most part, unless the operator 
should accidentally engage the brake wh~le the antenna IS 

turning. 
I've designed a circuit that automatically delays the rotor 

brake, giving theantennatimetostop turning. I'll describe its 
operation and construction here. 

Theory of operation 
The circuit shown in Figure 1 is used with acornell-Dubilier 

HAM lllCD44 rotor system. The circuit is run by a separate 
power supply. Using the separate power supply cuts down 
on the number of modifications you need to make to the con- 
trol unit, and leaves the original circuitry pretty much intact. 
I used CMOS integrated circuits to reduce the power require- 
ments and provide a higher noise immunity. 

Delay circuit operation is simple and straightforward. 
NAND gates and a multivibrator are the main components 
performing the delay function. The logic timing diagram is 
shown in Figure 2. 

The brake switch is connected to a latch composed of two 
NAND gates (U2A and U2B) to debounce the switch con- 
tacts. U1 isa multivibrator configured for monostable opera- 
tion and triggered from the rising edge of a pulse. One out- 
put of the latch (pin 3) isconnected to the positive trigger input 
of the multivibrator. The gate inputsfor U2C of brake relay RYI 
are connected to pin 3 of the latch and the inverted outputa 
of the multivibrator. When the brake switch is depressed, pin 
3 of the latch transitions to a low, which forces the output of 
U2C to a high state. This causes transistor Q1 to become for- 
ward biased, turning on brake relay RY1. The relay contacts 
are connected in series with the primary of the rotor control 

unit's power transformer, disengaging the brake when power 
is applied. 

The other output of the latch (pin 4) is connected to the 
switching transistor Q2 of the second relay RY2. This relay 
guarantees that the rotor's motor is switched off when the 
brake switch is released. When the brake switch is depressed, 
pin 4 of the latch transitionsfrom a low to a high. This forward 
biases the transistor turning on RY2, making power available 
to the rotation motor's direction switches. You can rotate the 
antenna with the brake disengaged by depressing the con- 
trol unit direction switches. 

The direction and brake switch can be released simultane- 
ously, just as theantenna reaches the location you'vechosen. 
As you release the brake switch, pin 4 of the latch transitions 
to a low level; this switches RY2 off and disconnects the power 
to the motor. At the same time, pin 3 of the latch transitions to 
a high level. The multivibrator triggersfrom the rising edge, 
causing Q to pulse (see Figure 2). The external timing capac- 
itor and resistor determine the width of the pulse and the brake 
remains disengaged forthe duration. When the pulse-timing 
constant has elapsed, Q switches back to a high level and the 
output of U2C transitions to a low. This turns the brake relay 
off, and the brake engages. 

The brake is delayed by the width of the multivibrator's 
pulse. Because the antenna has stopped turning in the mean- 
time, no damage is caused when the brake engages. You can 
adjust the delay from approximately 1 to3.5 seconds. Use the 
following guidelines: Cx> 1000 pF, and 10 k< Rx< 1 meg, to 
obtain other delay times from Equation 1. 

To prevent the brake from disengaging on power-up, I con- 
nected an RC network to the master reset input (pin 9 of U1). 
This network generates a pulse when powcis first applied, 
causing themultivibratorto reset. This forcesQ toremain high. 
I've also included an LED, which indicates the status of the 
brake. 
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I 2 V  REGULATOR 

+IZVOC OUTPUT 

TO CONTROL 
BOX COMMON 

I N 4 0 0 1  l Z v  TO BRAKE 
TO POINT B NOTES: TRANSFORMER 

BLK/RED RED T I  = STANCOR TP-Z POWER TRANSFORMER PRIMARY IZOVAC 

U l  = MULTI VIBRATOR 

UZ = 2- INPUT OUAD NAND 
RYIz275-219 .  RY2=275-248 IRA010 SHACK) 

RESISTORS 1 /4  W f 5% CARBON 

1 2 v  

Z2k 

TO POWER 
TRANSFORMER 
SECONOARY 32VAC 

Brake delay and power-supply schematic. 

I - - T d - l  
BRllXE SWITCH 

LATCH UZ PIN 3 1 I 
I 

BRAKE RELAY 2 I 1 
I 

BRAKE SWITCH 2 I 

LATCH 02 PIN 4 
1 
I 

MOTOR RELAY 2 1 

The power supply is a standard full-wave center-tapped rec- 
tifier with asecondary rating of 26-voltsCT. It provides a max- 
imum current of 150 mA. The delaying circuit draws a maxi- 
mum current of 106 mA. Use any type of power supply that 
fitsin the control box and supplies the current required by the 
delay circuit. 

Construction 
I built the circuit on a 3-1/2" x 2" vector pc board using 

I inserted push-in type solder lugs into the board to provide 
a point for external wire connections. 

I mounted the transformer in the upper section of the con- 
trol unit's chassis on two 114" standoffs. I placed it at the end 
of the switching levels next to the meter transformer. The pc 
board is attached to the bottom of the chassis under the meter 
transformer with four 114" standoffs. 

You can mount the brake status LED on the front panel. If 
you put it between the onloff and calibration switch it will be 
convenient and easy to see. 

Wiring 
Figure3 shows the wiring detailsfor installing the delaying 

circuit into the control unit. Remove the two wires from the 
brake switch and connect them to the RY1 contacts. Connect 
the common side of the brake switch to ground. Run a wire 
from the normally open terminal of the brake switch to pin 6 
of U26, and connect a wire from the normally closed termi- 
nal to pin 1 of U2A. 

Locate the wire connected to the common terminal of both 
direction switches. Remove this wire from the direction switch 
and attach it to one of the switching contacts on RY2. Run a 
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Control unlt wiring modlflcatlons. 

. 
< POINT A 

TO PRIMARY OF T I  < POINT B 

ON- OFF 

lZOVAC TO EXISTING CALIBRATION 
AN0 INOICA TION CIRCUITRY 

wire between the other contact on RY2 and the common ter- 
minal of both direction switches. 

Connect the primary leads of power transformer TI  * in par- 
allel with the primary of the meter transformer. Now connect 
the secondary leadsof TI  and the leadsfor the LED to the pc 
board. Finally, mount the common ground of the delay circuit 
to the control unit's chassis ground and the system is ready 
to use. 

NOTE:  

IN THE ORIGINAL CIRCUIT, 
THE BRAKE SWITCH WAS 
CONNECTED BETWEEN 
POINTS C AND 0 AND THERE 
WAS A SHORT BETWEEN 
POINTS E AND F.  

Conclusion 

TERMINAL BLOCK 
METER TRANSFORMER ON REAR PANEL 

<POINT c 
TO RYI CONTACTS rl 0 0 

<POINT D 
1 6  
0 b 

d kp 

The delay circuit provides a simple solution to a problem 
that could result in some costly damage to your antenna sys- 
tem. The circuit prolongs rotor life because it eliminates the 
stresses associated with sudden stops. From the operator's 
standpoint, the control unit operates just as it did originally; 
however, the brake can no longer be accidentally or incor- 
rectly engaged. 

The modifications have a minimal impact on thecontrol unit 
and the circuit is easy to build and install. Although the sys- 
tem I described is used with theCD44, you can adapt the clr- 
cuit for other rotor systems using controllable brakes. 

'Rad~o Shack carrles a transformer (PIN 273-1366) rated at 25 2 volts CT at 450 mA DIQI Key car 
rles a s ~ m ~ l a r  transformer (PIN TI05 NO) rated at 28 volts CT at 160 mA Ed 

POWER TRANSFORMER 

WEATHER 
SOFTWARE 

ACCU-WEATHER FORECASTER is a menu driven pro- 
gram that allows the user to tap Into Accu-Weether's 
extensive computerized database. In eddition to Accu- 

Weather's forecasts, you can get hourly updates from National Weather 
Service Offices nationwide. 

Maps, graphs, pictures, charts, and narrative descriptions are just pan 
of what can be downloaded to your MS-DOS computer. To save 
telephone and hook-up charges, tell your computer first exactly what 
information you want. Then call ACCU.WEATHER; the computer will 
download the flles you want and save them to disk. Information can be 
obtained for the entlre Unlted States or a specific geographical region. 

Several drfferent services are available from ACCU-WEATHER. Price 
varies w ~ t h  the s e w ~ e  and time of day that the computer is accesred. 

3 MC-IBM t89.95 
C MC-MAC 589.95 

Please enclose $3.75 shipping 8 handling 

m@ho BOOKSTORE rn 
GREENVILLE, NH 03048 603-878-1441 

OIREC TIONAL 
SWITCHES 
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MASSACHUSETTS 
TEL-COM, INC. 
675 Great Road, Rte. 119 
Littleton, MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Buslness Park Lane 
Kansas C~ty, MO 64150 
(800) 821-7323 
miss our^: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day serv~ce, low prrces 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas, NV 89106 
(702) 647-3114 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

NEW HAMPSHIRE 
RIVENDELL ELECTRONICS 
8 Londonderry Road 
Derry, N. H. 03038 
(603) 434-5371 
Hours Mon.-Sat. 10-5; Thurs. 10-7 
Closed SunlHolidays 

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.-F~I. 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, Mirage, ICOM, Larsen, 
Lunar, Astron. Wholesale - retail. 

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 
Deal1 

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 AmateurIShortwave Specialists, 
TenTec, Yaesu, JRC-NRD, Sony , MFJ. 
KLM, and other fine gear New and used. 
VlsalMC. Antennas, books, discount prices 
too! 

COLORADO COMM CENTER 
525 East 70th Ave. 
Suite One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stock~ng all major lines 
Kenwood Yaesu, Encomm, lCOM 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 06114 
(203) 527-1881 
Call today. Friendly one-stop shopp~ng 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Pike 
W~lmington, DE 19803 
(302) 478-2757 
Delaware's Friendl~est Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle, DE 19720 
(302) 328-7728 
(800) 441-7008 
Icom, Ten-Tec, Mlcrolog, Yaesu. Kenwood, 
Santec, KDK, and more. One mile off 1-95, 
no sales tax. 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwate~ FL 33575 
(813) 461-4267 
Clearwater Branch 
West Coast's only full servlce 
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-Gain, Cush- 
craft, AEA, KLM, Tri-Ex Towers, Fluke. 
Belden. Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
P.0 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 Hand 

lLLlNOlS 
ERICKSON COMMUNICATIONS, INC. 
5456 N. M~lwaukee Avenue 
Ch~cago, 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, Ten-Tec, Cushcraft, Hy-Gain, 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Drive 
Laurel, MD 20707 
(301) 725-1212 
Kenwood, TenTec, Kantronics. Full servlce 
dealer, 
M ~ ~ , . F ~ ~ ,  sat, 9-5 
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I NEWYORK 
1 UNIVERSAL AMATEUR RADIO INC 

1280 Aida Drive 

280 Tiffany Avenue 
Jarnestown. NY 14701 
(716) 664-6345 
Open 8:00 AM till 5 3 0  PM 
Evenings, Saturday and Sunday by appoint- 
ment. Western New York's flnest Amateur 
dealer. Featuring ICOM "The World System." 

BARRY ELECTRONICS 
512 Broadway 
New York, NY 10012 
(212) 925-7000 
New York Clty's Largest Full Service Ham 
and Commerc~al Radio Store. 

VHF COMMUNICATIONS 

OHlO 
AMATEUR ELECTRONIC SUPPLY 
28940 Eucl~d Avenue 
Wlckcl~ffe. OH 44092 (Cleveland Area) 
(216) 585-7388 
Ohlo Wats: 1 (800) 362.0290 
Outside Ohlo: 1 (800) 321-3594 
Hours Mon.-Fri. 9-530. Sat. 9-3 

Reynoldsburg (Columbus). OH 
43068 

(614) 866-4267 
Featur~ng Kenwod. Yaesu. Icom, 
and Other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

DEBCO ELECTRONICS. INC. 
3931 Edwards Road 
Clncinnat~. OHlO 45209 
(513) 531-4499 
Mon.-Sat. 10AM-9PM, Sun.12Noon-6PM 
We buy and sell all types of eiectronlc parts. 

"ONLINE" U.S. CALL DIRECTORY 

Hamcall sewice gives you all hams via 
your computer (L modem. Updated each 
month! Only $29.95 per year. Unlimited 
use - you pay for ph'one call. 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mineral. Virginla 23117 
7031094-5777 vlsa/mc 8001282-5628 

PENNSYLVANIA 
HAMTRONICS. 
DIV. of Trevose Electronics 
4033 Brownsville Road 
Trevose, PA 19047 
(215) 357-1400 
Same Location for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antomo. TX 78238 
(512) 680-6110 
(800) 344-3144 
Stocklng all major Ilnes. San Antonio's Ham 
Store. Great Pr~ces - Great Serv~ce. Factory 
authorized sales and servlce. 
Hours: Mon.-Frl. 10-6. Sat. 9-3 

f i  b 

Mobiler's Dream! 
(.an ~ I I I  u\c ;I o dl3 \lrnnccr \lgn:il'! 
Would 1 1 ' ;  morc Ix~ndw~~illi Ilc. hclplul'? 
Our SII-411 rnohile ;Inlenn,l i\ Ihc iinswcr. 
I l;~ndlc\ ft1N) W;III\ 1o1 ~II~I,II~~I 11 dl<. 
SI'-411, 4 0  - I0 nictcr\; S I  -75 ,  72 - I 2  mrtt.r\. 

County Hunters Software 
I)e\~enccl IIV :I top counly hunter III~ ccru~irr 
hunt~,r\. Work\ on ;#I1 Il3h1 t \p r  cc~nipu~cr\. 

R-4C Enhancements 
Wri l c  for c :~ l :~ l r~g  

From the performance company : 

Sh~rwood Engin~~ring Inc. 
I.!f9S s,llllll ( ) r < l L ~ l l  slrccl, I ) < ~ l l \ L ~ l .  ( ' ( )  so: Ill 

(70.;) ?2:-2257 111>nd;t\ - I r td :~ !  0 ,\,bl. - i ll.\l 

Sales, Sewice, lnstallatlons available from: 
I)ccign I-lcctrnnic\ Ohio. KNX/. l)oc Shcllc~ 

(014)  X.l1,.;7l I I);I~\, 10141 S30-3.370 I \c!iili~\ 
LTA industries, K l l  It. l im  Duff)' 
(412) 22X-0.702 or (211)) 533-7Olf1 

MADISON ELECTRONICS SUPPLY 
3621 Fannin 
Houston. TX 77004 
(713) 520-7300 
Chrlstrnasv N o f l  

MISSION COMMUNICATIONS 
11903 Aleif Clodlne 
Sulte 500 (Corner Harwln & Kirkwood) 
Houston. Texas 77082 
(713) 879-7764 
Now ~n Southwest Houston-full llne of 
equipment. All the essentials and extras for 
the "ham." 

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4828 W. Fond du Lac Avenue 
Milwaukee. W153216 
(414) 442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wlsc: 1 (800) 558-0411 
Mom-Frl. 9-530. Sat. 9-3 

Dealers: 
YOU SHOULD BE HERE TOO! 
Contac t  Ham R a d i o  now for 

The best computer FAX system just p t  better! I 
up to I 6  111tenulIy IPVPIK- 
Indudcs: 

D u n ~ t o r  mp. lMuBusl 
Software I h t o S  C-tt. 
Fkqncor). Lid Interpretation Goldc 

Fmturra: 
Prtnl on Epsoa, or HP Laser Jet 
I)hk Save, -~rooadne 
U m t t a o d e d i m p c u l d  pnd mu* a- 
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FLOOD YOUR MAlLBOXl You get 100's of radm 8 electronic 
8 compuler spec~alty catalogs Send $10 wlth your name 8 
address lo Electronic L~st Servlce. PO Box 1683. Brookllne, 
MA 02146 - - -  

IBM-PC SOFTWARE FOR PK-232. New CompRtty II IS the 
complete RTTYICW program lor IBM-PC's and compatibles 
Now wlth larger buffers betler support lor packet unlts IC 
lures, much more ~~~~a~~~ any speed ASCII BAUDOT c!w- 
Text entry vla bu~ l l -~n  screen ed~lorr Adjustable spill screen 
display Instand modelspeed chan e Hardcopy dlskcopy 
break-ln buffer, select calllng 18x1 11% lransler, c~stom,zabl~ 
full screen loggln 24 programmable 1000 character mes 
sages Ideal for M&s and trafflc handlrng Requ~res 256k PC 
or AT compat~bte ser~al pon RS-23X TU $65 Send call let 
lers (tncludrng MARS) wrth order Dav~d A Rlce. KC2HO. 144 
N Putt Corners Rd. New Pallz NY 12561 

- -  - 
INTERESTED IN PUBLIC SERVICE? Joln your local Radlo 
Emergency Assoc~ated Commun~catlons Team In Pennsyb 
vanla call 717-938 6943 or wrlle REACT 1160 Old Trall Rd. 
Etlers PA 17319 

DGITAL INDUCTANCEICAPACITANCE meter as fealured 
In July 1988 Rad~o Ektronlcs Magazine Inductance from 
0 01 uhv to 10 mhv. caoacltance lrom 0 10 01 to 0 10 uld 
Automailc rame. abtomallc zero accuracv +I-3% Assem. 

specllcatlon Almosl All Dlgtlal Electronics. 521 1-1 17th 
Avenue SE. Bellevwr, WA 98006 

WANTED: The UHF Compendium. Pt 1 8 2, by K We~ner. 
DJ9H0 An. W6LGO. 34 Laurel Avenue. Petaluma. CA94952 

FOR SALE: All only two monlhs old and In mlnt condltlon 
ICOM 3200A (wlth service manual). Kantronlcs KPC-4 (wllh 
latesl Ilrmware). Astron 20A. Comet 2M1440 antenna. 40' coax. 
and other goodies $660 (flrm) Will send COD Rlchard 
WF7A. In callbook 

.. - 
LASER COMPONENTS! Surplus lubes, power suppl~es 
optlcs Build a worklng LASER lor under $75 00 Free plans 
wlth order $1 00 (relundable brlngs llst FundServ, 1546D 
Peaceful Lane, Clearwater, A. 34616 - - -  
WANTED: Swan 350 meter 0-800 on bottom R Mollentlne. 
WAOKKC. 7139 Hardy, Overland Park. KS 66204 

GENERAL CLASS TUTOR PROGRAM lor PC compat~oles 
$20 00 MISS residents add 6% SASE lor detalts Jorn Bur. 
rell. N5NEZ. 316C Cr~tz Slarkv~lte. MS 39759 

- - 
10 YEAR CLEANOUT SALE. Shack overloaded Must vacate 
XKM culfl area of test equrpment, rnsrowave, rad~os, antiques. 
pans, varlacs, ve interesting collection Send stamp lor corn. 
plete llst ~osephxohen, 200 Woods~de. Wlnthrop. MA 02152 
161 7) 846-631 2 FLEA 

MARKET 
PARTS BONANZA. L~mlted quantlt Commodore "Pet" com- 
puters removed lrom servlce $49 9g (may work)) Hard Drlves 
lor Pels, tons 01 parts 'AS IS" $29 95 Commodore Prlnter 
Heads Special-Consult Faclory 0 E P Co Inc . Kasara 
M~crosystems Olv~s~on. Slony Po~nt. NY 10980 1 800.248- 
2983 or 914-942-2252 VISYMCICOD -- 
WANTED: All lypes of Eleclron Tubes Call toll free 1-800. 
421-9397 or 1612-429-9397 C 6 N Electronrcs Harold Bram 
sled1 6104 Egg Lake Road Hugo MN 55038 

-. -- 
HT-CLONE BATTERIES: ICOM: BP-3s Double BP3 "Wall 
Chargeable'' $43 95. BP5 $42.95. Yaesu: FNB2 $21.95. San- 
tec 142/442/1200 (3 Pin) $22.95 "Rebuitdi Senb-Ur-Pack" 
lcom BP3 $20. BPS $28. BP718 $34. 8 7 0  $30 Yaesu 
FNB4HA $37. Kenwood PB21 $18. PB25lH126 $28. T-T 2991 
$28 "U-Wl l  Re alr Insew" lcom BP2 518.95 BP3 $ 16.95 
BPS 522.95. ~ $ 7 1 8 ~ 8  $28.95, Kenwood: 6 ~ 2 1  $12.95: 
PB24125/26 519.95. &den 300 $1995, Yaesu FN8414A 
$32.95. Tempo: S1.2.4.5.151450 $22.95, 12Vl5Ahr Porta-Pac 
wlchgr $49.95. "Antennas" 2mtr 518-TeVBNC $18.95 "Tele- 
phonelpager 8 Commercial Packs" "Free Catalog" $3 ship 
p n  order PA +6%. VISNMC +52 (814) 623-7000. 
c U ~ A R D  ASSOCIATES. Dept H. RD 6. Box 104. Bedlord. 
PA 15522 

RATES Noncommercial ads 1 0 0  per word; -- 
UHF PARTS. GaAs Fets, mmlcs, ch~p caps, leedthrus, tellon 
pcb hlgh 0 lr8mmers Moonbounce uallly preamps Elec 
ironic sequencer boards Send S A S E ? ~ ~  corn let8 list or call 
(313) 7534581 evenlngs MICROWAVE COM~ONENTS. PO 
Box 1697 Taylor MI 48180 

.- - 
SELL. MAlen SS D ~ w r  90652 $150 Tube G W  w~th two extra 
tubes $100 Antenna brldge $50 Heather 10-4235 twwtrace 
35 MHz scope $100 (needs HV rectlfler Heath 4505 scope 
callbralor $25 Heath IM-24213 counter 325 New Bird slu s 
Illow, lWCwj50each JoeDarmento,W4SXK. 11170ST?. 
Merr~n Island FL 32952 (407) 772-0796 - - 

commercial ads 600 per word both payable 
in advance. No cash discounts o r  a g e n c y  com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
g a n i z a t ~ o n s  receive one f r e e  Flea Market ad 
( s u b j e c t  to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
p a y  the noncommerc~al rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude f u l l  name and address. We r e s e r v e  t h e  

r igh t  t o  re jec t  unsu i tab le  copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible f o r  claims made. L iab i l i t y  f o r  

correctness of material l i m i t e d  to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea M a r k e t ,  Ham 
Radio. Greenville, N. H. 03048. 

AVANTEK ATF10135. $12.00. MMIC's, P.C. board. SASE: 
WA31AC. 7148 Montaaue St. Ph~ladelDhia. PA 19135 -- 
HAM SOFTWARE and olher 'shareware" lor IBM1compat1- 
Mes Lar SASE lor calabg JK6S. PO6 50521. lndmapolbs, 
IN 46258521 

HANDICAPPED NOVICE needs HF equipment donated- 
anylhlng please KA30UE. (412) 531-7443 anylrme 100 QSL CARDS $8. §3 thereafter Grld sauare prlnted free 

Sh~pped postpad wdhln two weeks Guaranteed mrec l l  Free 
ramples Shell Pnntlrq. KDSW. Box 508. Rocklon. lL 61072 IMRA lnlernalmnal Mrsuon Redlo Assoc~allon helps mlssmn. 

ares Equtprnenl Maned Weekday nel. 14 280 MHz 1-3 PM 
Emlern Nrne hundred Amateurs In 40 countrms Rev Thomas NEED SCHEMATIC 01 Halllcrafler SXl 10 recerver W~l l  pay 

reasonable prlce A T Buller. I157 Rovermont Drlve. Mel- Sable, S.J.. Universltv of Scranton. Scranton. PA 18510 
bourne. FL 32935. 

. -- 
HAM RADIO. Complete run Volume I. No. I (March l96B) 
through May 1982. Very good cond~lion. 595. WIJE, 6 Locust 
Grove Road. Hamich. MA 02645 

-. 

RADIO SHACK COLOR COMPUTER. Ham software and 
hardware. Free catalog. Dynamic Electronics, Box 896. Hart- 
selle. AL 35640. (205) 773-2758. 

- - 
REPEATER JAMMERS? Pinpoint them with our "Handi- 
Flnder" - atlaches to HT. Klts: $24.95. or less! Club projecl 
discounts1 NOARO. 2946044 Loraln. Cleveland. OH M070. 
(216) 777-9460 

-- -- 

-- 
VHF-UHF-SHF. Large SASE. Wesl Coast VHFer. POB 685. 
Holbrwk. AZ 86025. 

-. -. .- 

CHASSIS &CABINET KITS. SASE K3IWK. 5120 Harmony 
Grove Rd, Dover. PA 17315. 

ANALOG AND RF CONSULTING for Ihe San Franc~sco Bay 
area Commercial and military circuits and syslems. James 
Long. Ph 0.. N6YB (408) 7338329 

RTTV JOURNAL-Now in our 38th year. Read aboul RTTY. 
AMTOR. PACKET. MSO'S. R T N  CONTESTING. RTTY DX 
and much more Year's subscr~ption to R T N  JOURNAL 
$10.00, loreign slightly hlgher Order Irom: RlTY JOURNAL. 
9085 La Casita Ave . Fountam Valley. CA 92708 BEGINNER'S RADIO CLEARINGHOUSE. On a space avanl. 

able oasls. we are aotna to ofter you. OUR SUBSCRIBER. 
HAM SOFTWARE IBMlCom atlbles. I 0  dlsks $26 95 
MClVlSAlD~scover NSABV EAFcO Keller. TX 762404014 -. -- 

RUBBER STAMPS: 3 llnes $5 00 PPD Send check or MO 
lo G.L. Plerce. 5521 Birkdale Way. San Olego. CA 921 17 
SASE brlngs ~nlormatbn 

(817) %-4242 
- 

WANTED. Old lube HIFI and studlo components loud- 
speakers, lurntabk, related magazines etc Most makes and 
models, an condllmn Jack Smlth. 288 Winter Street. Norih 
Andover. JA 01845 (508) 68&7250 

free of charge a chhceto  find a home for your used equip- 
ment wlth a new Ham. Please send us a short description 01 
what you want to sell along with prlce, name, address and 
phone number. We'll run 11 once in a speclal sectmn 01 the 
classifled ads under the heading of BEGINNER'S RADIO 
CLEARINGHOUSE. Please limit vour ad to 20 words or less 

ELECTRON TUBES Recervlng. transmmlng, muowave all 
ws avadnble Lar e stock Next day dsl~very, mosl cases 

rd~lLY ELECTRON~S. PO Box 5029. h p t o n .  CA 90224 
(213) 774 1255 UHF TEST EQUIPMENT: Hewlen-Packard TS403 (6168). 

UHF S~gnal Generator I 8-4 GHZ $50. JerroM VHF-UHF 

YE&% nerators $50 00. Tektronix 861 dual trace scopes 
MHz!) no leads. 550. Avionics glide path and 

locnl~zer %. gen. $75 checked; $40 unchecked. AUL 1-7 GHZ 
sig gen $50 WW5B. POB 480. Brookshire. TX 77423. - 
WUCEmRf3 iGWUl  HAMS - P l e y  send,ycyr Call. Name. 
Address. Rank. Depmment Name. lor ~ndusrn  In sped ros- 
ter available late 1989. Capt. Bob Blakeslee. N21H0. 1-112 
Macomber Ave. Blnghamton. NY 13901. 

-- - 

CUSTOM MADE EMBROIDERED PATCHES. Any slze. 
shape colors. Five patch minimum. Free aample, prlces and 
orderl;lg In lo rmat i .  HElN SPECIALTIES. Inc.. 7960 SW 
Man~tw Tra~l. Glen Arbor. MI 49636 (616) 334-4385 -- - 
HY-GAIN 2 8 0 0  40 6 80M shortened ~nverled-V. $25. 
Mosley 20m 3.81 beam (all s except &mentslboom). St0 
0.  He&. W E .  16832Gmnnd. R-a.CA92085. (6191 
789-3674 eves. 

"HAMLOG" COMPUTER PROGRAM. Full fealures. 17 mod- 
s 7-band WASlOXCC Ap $19.95. IBM. EF;M.~KU~%~, ~andy.  c i a  $24 95. H ~ A I A W H .  POB 

2015. Peabodv. MA 01980 
-- 

RECONMTIONEO TEST EQUIPMENT $1.25 lor catalog 
Waller. 2697 Nrkel. San Pa&. CA 94806. 

WANTED11 AEA M M 3  KEYER (The Morse Machine) serial 
number 43 stolen from DEN-TRONICS' booth al the Dallas 
Hamlest. Unit may be returned to either AEA of DEN- 
TRONICS no questions asked. I1 not relurned, surveillance 
video tapes will be r&ased to local law enlacement agencles -- 
COLLINS KWMlHF380 Repairs and dlscount accessorles 
Kirby. K7WOC. (713) 320-2324. 

WANTED Ham equlpmenl and other propeRy The Rado 
Club ol Junmr HI Schod 22 NYC. lnc a a nonprolll organ* 

t(C) (3) status by the IRS, ~ncwporaled w~th zatmn, qranled $ 
Activities - "Places to go . . ." 

the god 01 uslna the theme 01 Ham Rad~o to lunher and SPEUAL REQUEST TO ALL AMATEUR RAW0 PUBLElTY 
COORDINATORS: PLEASE INDICATE IN YOUR 
ANNOUNCEMENTS WHETHER OR NOT YOUR HAMFEST 
LOCATION. CLASSES. EXAMS. MEETINGS. FLEA MAR- 
KETS. ETC ARE WHEELCHAIR ACCESSIBLE THIS 
INFORMATION WOULD BE OAEATLY APPRECIATE0 BY 
OUR BROTHERISISTEA HAMS WITH LIMITED PHYSICAL 
ABILITY. 

enha-nce t p  edufal i io l  young people natimwii. Your prop 
er(y donatmn or finanoal suppod would be greatly appreclaled 
and acknowledged with a receipt for your tax deductible con- 
Iribulion. Labor Day and the new term are almost here. Do 
it, don't Walt till the end of the year, make your dec~sion to 
donate lhat equlpmenl now. We depend on you. Please write 
us at: PO Box 1052. New York. NY 10002. Round the clock 
hotline: (516) 674-4072. Thank you! 

SOFTWARE KAM-C-64. Does an ne know of any new son. 
ware lor the KAM-C64 Not KAM%RM Please call or wrlte 
Luke. WBSJAP. 2109 Sandy Lane. Irving TX 75060 (214) 986 
5219 evenings. --- 
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Read All About Your 
Favorite Modes Of 

D~gital Commun~cations! 
* Subscribe Today! * 
Digital Digest 
4063 N. Goldenrod Road 
Winter Park, FL 32792 ' $1600 us. 522 Per oo Elsewhere Year 

Payable In U S  Funds Only / Check or M 0 Preferred 

CINCUUTION NOTICE. The BARC Packet Radm S y m p  
slum scheduled for September 16 al Gwwlan Cdlege. Bar. OPERATING EVENTS 

"Things to do . . ." rie. Ontario has been cancelled. 
- - - 

IOWA: August 56. The Cedar Valley ARC'S Summertest '89. 
Teamsters Hall, 5000 J Street SW, Cedar R ids 8 AM to 
5 PM August 5 and 8 AM to 3 PM August 6 2dmisslon $4. 
12 aAd under free. For advance re istration write Summer- 
lest '89. Cliff Goldsberry. 2926 ~ t a l f e r  Drive SW. Cedar 
Repids. IA 52404. (319) 365-8849. 

Augurt 56: fitusv~lle, PA From the blflhplaCe of the 011 Induo 
try s ec~al event stallon K3HWL w~ll operate from 14002 to 
23604 each day from the slte of the hlstorlc Perw Street rail- 
road station to commemorate the fourth year of bperation of 
the Oil Creek 8 Tilusville Railroad. Smnmed bv the Oil Creek 

WISCONSIN: August 12. The tenth annual Rhinelander Swap 
fest soonsored bv the Northwoods ARC. ARES. Tomahawk 

Valley Radto Saclety CW 3 710,-$675. 7 116 .+i 7 250. 
14 275. 28 350 MHz For QSL send QSL and No 10 SASE 
to Robert E Myen, K3HWL. RD 1. Box 143G. T~tusvllle. PA 
16354 

Rep ' ksn  and hhinelander Rep. Assn.. Rhinelander Ice 
Arena. Tickets $1.00. Auction t:00 PM. For information con- 
tact Leonard Bauman, K9RMN. 804 Lincoln Street. 
Rhinelander. WI 54501. (715) 369-3296 or 369-5564. Au d 7-12. A l M m n l u n  Sam Box Drby Tho Cu ahoga 

F ~ I ~ A R c  will anorate anoclafav.nt station WIIVJV dur- 
LOUISIANA: August 12-13. The Shreveport Amateur Radio 
Association SARA) is hosting their 10th annual ARK-LA-TEX 
Hamtest in Qhreveport's air-condition Convention Hall. 

MINNESOTA: August 13. St. Cloud ARC Hamfest. Whitney 
Senlor Center. St. Cloud. Ticket donation $3. Extra ticket $2. 
Contact SCARC. Box 141. St. Cloud. MN 56302. 

PENNSYLVANIA: Au ust 13. Mid-all ant^: ARC Hamfest. 
Bucks County Rt 611 \rive-ln Theater. Warrington Buyers 
admitted 8 AM. Admission $3 For informat~on call Al Maslln. 
W3D21(215)44&4936 or write MARC. PO Box 352. Villanova. 
PA 19085. 

- 

Augud 12: The Arapahoe Radio Club's fifth annual ham radio 
axoeditims lo Cobredo's 14.000-foal mountmn oeaks CW 
ir4uency 1 4 . ~ i 4 . 0 6 0  wllh partclpants ca l l16  CO 14' 
Phone statmns around 14 285 calling "CQ Fourteeners 
Operat~on from 16M18002 QSI dlrect of to K9AY 7318 S 
Birch Street. Littleton. CO 80122 

August 12-13: The Southcentral Conn. Amateur Radio 
Association wilt operate WlGB In the General portion of 80- 
15 and Novlce lorn from Paul Newrnan's "Hole in the Wall INDIANA: Au ust 13. The Porter Counl ARC'S annual NW 

Indiana Hamkst and Com uler Falr. borter County Fair- 
grounds and Expo Center & 49, east of Valparaiso. Admis- 
sion $3.5O/advance; $4/&r. Kids under 12 free. For infor- 
mellonltickets contact Hamfest Committee. PCARC. PO Box 
1782. Valparaiso, IN 46384. 

Gang" camp for children wllh Cancer and blood disorders For 
a spec~al OSL send OSL end SASE lo KIPVT. Blll 
DeBenedeno. 55 Thompson St 13E East Haven CT 06513 

Augur1 16-18: Bridgewater, New Jersey. The Somerset 
County Office of Emergency Management will operate 
WC2ADK 1400-01002 each day to promote Amateur Rad~o. 
R.A.C.E.S and Public Service at the annual 4-H Falr Sugg. 
Freq. Lowsr 25 kHz of General BQlOm and 10m Nwlce. VISI. 
tors on 145.320 simplex. Send QSL and SASE to Somersel 
County OEM/4H. PO Box 3000, Somerville. NJ 08876 

NEW JERSEY: August 19. The 13th annual Ramapo Moun- 
tain ARC Hamfesl and Computer Ftea Market. American 
Legion Hall and Grounds, 65 Oak Street, Oakland. 8 AM lo 
1 PM. For more information contacl Marc. WA2S. (201) 652- 

-- - 
August 19: Saltsbury. New Hampshire To commemorate Old 
Home Day. NlGCO wlll operate 14002 to 20002 on lower 25 
kHz of General HF 2201440 repealer and Sam lex and 145 07 
pacIet For speclai OSL send SASE to ~ 1 ~ 8 0 .  RFD 5. Box 
42. Penacwk. NH 03303 

NEW YORK: August 19. The Flnger Lakes Hamlest sponsored 
by the Tompklns County ARC. 4H-Acres. off Rt. 13. 7 miles 
north of Ithaca. Admission $3. Under 18 free. Hand1 parklng. 
For more inlormation contact Bob. KD2lM (607) 347.4444 - 
WA8H(NaTON: August 19-20. Northwestern Division Conven- 
tion 6 Tacoma Hamfair sponsored by the Radio Club of 
Tacoma (W7DK). Pacific Lutheran Universlty. Saturday 9 to 
5. Sunda 9 to 1. Preregistration $5 to August 6; $7 at the 
door. $1 L r  non-hams. 12 and under free. For details write 
Radio Club of Tacoma PO Box 11 188 Tacoma WA 9841 1 
or phone RCT (206) 759-2040 or ~ i l l ~ b r ~ a n .  W ~ G P R  (206) 
531.3821 

will be 14.235. Greatest act~vity will be weekday noons and 
evenings. For QSL, send QSL and SASE to W6VIO callbook 
address. DX stations OSL vla bureau 

OHIO: Augusl 20 WBVTD, the Warren Amateur Rad~o Assocl- 
allon's Hamlest. Trumbull Branch Campus of Kent State 
Untvetstly Warren Admlsslon $2 SOIadvance. $3 00/door 
Under 12 iree For lnbrmat~on Warren ARA Hamfest. PO Box 

FREE 1989-90 Florlda two meter repeater direclor~es are cur- 
rently being distributed by the Hernando County Amateur 
Radlo Assn, of Brwksville. FL. Ask lor one al any off~clat 
Florida Welcome Center or SASE to Repealer Directory. Her- 
nando County ARA. POB 1721. Brooksville. FL 34605-1 721 

-N6KW QSL Cards- 
T h e  finest QSL Cards at reasonable prices. 
Basic Cards, map cards, cartoon cards, photo 
cards and  more. Your idea converted t o  ink or 
use standard designs. 747 ink colors, any card 
stock. Photos b l w  o r  beautiful color. Have cards 
that  fit your style. FREE SAMPLES postage 
appreciated. 

KW L i tho .  Dept. HR P.O. Box  17390 
(817)332+3658 Ft. Worth, TX 76102 

809, Warren. OH 44482 - 
MMANA: August 20. The Tippecanoe Amateur Radro Assoei- 
ation's 18th annual Hamfest. T i a n o e  County Falrgrounds. 
Teal Road and 18th Street Lafayene. Falrgrounds open 5 AM. 
For more information writ; D C Roberts. 5124 Jackson High- 
way. West Lafayene. IN 47906. 

ILLINOIS: August 20. The Western Illinois ARC'S Tri-State 
Swapfest '89. Eagles Alps ,Lodge, 3737 North 5th Street. 
Quincy. 8 AM to 3 PM. Admlsslon $2/advance; $3/dwr. For 
informationlrese~vations Michael Nowack, NAW, c/o WIARC. 
PO Box 3132. Quincy. IL 62301. (217)-224-8526. 

ALASKA: August 26. The ARclic ARC'S HamfestISwaprneet. 
10th Avenue and Steese Highway. Fairbanks. Admission 
$1.00. For ~nlormation Joan Soutar. NOAIW. PO Box 81389. 
Fairbanks. AK 99708. 

- - 
LAUREL ARC monmly (except Deoemberj Amateur exam se9- 
slons lor aM Icecense classes No lees charged Prereglslratlon 
1s requlred Call (301) 725-1212. Maryland Radlo Center 8576 
Laureldale Drlve. Laurel MD 20707 

AMATEUR EXAMS In Wellesley. MA. Saturday. August 26. 
10 AM Please call Vern. ND1Z (508) 5336822 by August 20 
to book a spot. New and prospecilve Amateurs are most espe- 
cially welcome. 

MISSOURI: Augusl 27. The St. Charles ARC will sponsor 
Hamfest '89. Blanchelte Park In St Charles. 620 AM to 230 
PM. Free admiss~on and parking. Handi parking available. 
Contact Mike Nolan. KAOUXQ. 16 Galeswood Drive. St. 
Peters, MO 63376. 

TENNESSEE: August 27 The Lebanon Hamfest sponsored 
by the Short Mountaln Repeater Club. Cedars of Lebanon 
Slate Park US 231. 7 miles north of Lebanon. For informa- 
lion contaci Mary A l ie  Fannlng. KA4GSB. 4936 Danby Dr~ve. 
Nashville. TN 3721 1. (615) 832-3215. 

AMATEUR RADIO CLASSES: For those people lnleresled 
in obtaining a Novice (baslc level) Ham license or upgradrng 
to TechlGemral the Chelsea Clvit Defense, in coo ration 
with QRA ~adio'club, will sponsor Amateur Radio &mu- 
nlcations classes evenings al Chelsea High School starting 
MARCH 7. 1989. For more inlormat~on wrlte Frank Masuccl. 
KlBPN. 136 Grove Street. Chelsea. MA 02150. Please 
enclose your telephone number 

f o r ~ ~ a r t m e k f ,  Motel, Attic, & Portable Use 
Small . Slmple . Fast . Versatile ERed~e 

C a m p  wRh 16 i t  Demata white W!ne & alpransparent 
mcu mg tmks, Ilm, and s d m  cups for lmtallabon any~here 

~mp& in atdc bssanent, b e d m  halhray, staircxe- 
hbrizontd, vertical a kni I~I. 11 ($1 

E4dhaRhUailpcutd~inrnins$rt  
Work all bands 40-10 w l  s 1995 60-meter t 6 9,s 

a 1 9  indoor adenna -IIP&H Add-on 

rr 174 

THE WIT UHF REPEATER ASSOCIATION and the MIT Radlo 
Soc~et offer monthly HAM EXAMS All classes Novlce to 
Extra h ednesdav. AUGUST 23. 7 PM. MIT Room 1-150. 77 NEW MEXICO: September 2.3 The Alamogordo ARC'S flHh 

annual Hamfest. Olero County Falrgrounds. Alamogordo Free Mass Avenue. Cambridge, MA. Reservatmns requested 2 days 
in advance Contact Ron Hoffmann at (617) 484-2098. Exam admlss~on 

PENNSYLVANIA: September 9 Unlontown ARC (W3PIE) wlll 
hold 11s 40th annual Gabfest Club grounds. Old P~ttsburgh 
Road Unlontown Reglstrat~on $3 or 2/$5 For more Informa 
tlon v;rlte UARC Gabfest, c/o John T Cermak. WB3DOD. PO 
Box 433. Republic. PA 15475 (412) 2462870 

lee $4 50 Brlng a copy of your current llcense (11 any). two 
torms of plcture ID, and a completed form 610 available from 
the FCC In Oulncy MA (617) 770.4023 

SAY YOU SAW IT 
IN 

HAM RADIO 

FLORIDA: September 9-10. The Ptallnum Coast Amaleur 
Radio Society p r e ~ t s  Ihe 24th annual Melbourne HamfeSl. 
Melbourne Audilortum. Reglstralwn $4 advence (SASE only). 
$5 at the door. Hamfest 708 Dartmwth Avenue. Melbourne. 
FL 32901. 

-- 

B o o  rn . . .  
L 

- 
NORTH CAROLINA: October 1. JARSFEST '89, Benson 
Amariran L aoinn Cnmnlex. 301 N. B e n ~ n  NC 27504.8 AM . . . . , - . . . - - . - . . - -. . . 
to 4 PM. For fi er SASE to Johnston Amateur Radio Society. 
POBox 1154. &n i l h f i i l d .~~  27577 (919)9346486.894-5479. 
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Garth Stonehockec K0RYW 

DXING DURING THE 
SUMMER QRN 
SEASON 
An estimated 3600 thunderstorms are 
in progress around the world at any 
given time. They occur mostly in the 
tropical regions. These thunderstorms 
can be classified as air mass, frontal, 
or combinations of the two, depending and the earth, or between one cloud 
on how they form. The main source of and another. As the lightning stroke 
summertime QRN is the air mass thun- releases this energy, it produces elec- 
derstorm. tromagnetic pulses. Our receivers pick 

During the evening DXing hours, air up the HF radio frequency pulses we 
mass thunderstorm QRN may limit the call "noise." Most air mass storms form 
usefulness of low band signals for local on afternoons when the humidity is 
ragchewing and, for the most part, will above 50 percent, and last into the 
rule out weak signal DX. The QRN, night before cooling off enough to dis- 
propagated from equatorial land sipate. Air mass thunderstorms linger 
regions or closer, Increases the over- for several days until they release their 
all average noise level on the 80 and moisture as rain, or slowly move on. 
160-meter bands. This happens How can you communicate with DX 
because the "tropical" regions get stations on these lower bands? Direc- 
closer to those of us in the Northern tional antennas may help if the thun- 
Hemisphere as the sun comes up to derstorm activity is in the opposite 
23ON in the summer. As a result, a hop direction from the DX stations. If you 
or two is cut from the thunderstorm can avoid pointing your beam at these 
noise propagation distance, adding a areas, you can help minimize noise 
few dB to the overall noise. Florida pickup. In fact, if you can get the back 
leads the top thunderstorm producers of the antenna pointed in that direction, 
of the closer areas; the eastern side of you can use the front-to-back ratio 
the Rocky Mountains in Colorado and (typically 15 dB) to further decrease 
Nebraska is next, followed by the noise pickup. This may mean working 
southeastern part of the United States. DX long path or over the Pole. If the 

The air mass thunderstorm forms ionosphere will support propagation in 
when the sun heats the ground. As the that direction, and no geomagnetic 
heat from the ground rises, it warms field disturbance is occurring, you may 
the air above, causing it to rise. As this find this a solution to some of the sum- 
heated air meets the colder air above, mer noise problems. You may also 
its moisture content condenses, form- want to change your operating hours. 
ing clouds. The clouds - some of Since most air mass thunderstorms 
wh~ch are seized by the winds and car- dissipate during the night and build to 
ried into the jet stream to form the noise proportions with the heat that 
characteristic anvil-shaped top of a arrives after dawn each day, there's a 
thunderhead at 30,000 to 40,000 feet minimum noise period from about 3 to 
- continue to rise until their con- 8 a.m. which offers good operating 
densed moisture forms drops heavy conditions. 
enough to fall as rain. Some drops are 
carried further u~ward and freeze into Last-minute forecast 
hail. This fast up-and-down motion The higher frequency bands are 
generates static electricity strong expected to be best the third and 
enough to cause the air (as an insula- fourth weeks of August, when the solar 
tor) to break down between a cloud flux increases the MUF for long skip 

openings. Don't expect many trans- 
equatorial openings in the evenings 
during the summer months. Sporadic E 
(E,) short skip openings at midday 
should give the highest E region MUF 
in many~ears. ~ower frequency signal 
strengths will decrease during daylight 
hours when the flux is high. Higher 
noise will also lead to poor conditions. 
Look for the best signals the first two 
and last weeks of the month. Thunder- 
storm noise will still be a problem in the 
evenings. Sporadic E short skip open- 
ings around sunset should help signals 
get through the noise. 

Band-by-band summary 
Six-meter sporadic E short skip con- 

ditions on some days will last anywhere 
from 30 minutes to a couple of hours 
around local noon. Expect about 1000 
miles per hop. 

Ten, 12, 15, and 17 meters will have 
quite a few short skip Es openings and 
some long skip openings during the 
27-day solar flux peak to southern 
areas of the world, in the daylight 
hours. Fifteen and 17 meters will be 
best for several hours as the MUF 
decreases for the evening. 

Twenty, 30, and 40 meters will be 
useful for DX communications to most 
eastern, western, and northern areas 
of the world during daylight hours and 
into the evening most days, via long 
skip to 2000 miles per hop or short 
skip Es, with 1000-mile hops. The 
period of daylight is still relatively long, 
but will be noticeably shorter by the 
end of the month. 

Thirty, 40, 80, and 160 meters are all 
good for nighttime DX, even though 
the background noise will be severe in 
the evenings. The direction of the 
openings will rotate from the east to the 
south and then westward in the morn- 
ing. If you want to avoid thunderstorm 
QRN, you may find sporadic E propa- 
gation helpful in the early evening 
toward the east and south. Try the 
early morning hours for communica- 
tion paths to the west, and monitor 
WWVH or WWV on 2.5 and 5 MHz as 
beacons. 
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THE QSL BOOK! I 
C o n t i n u i n g  a 6 8  year  t r a d i t i o n ,  w e  b r i n g  
r o u  t h r e e  n e w  C a l l b o o k s  f o r  1 9 8 9 ,  b igger 
and b e t t e r  t h a n  ever !  

The N o r t h  A m e r i c a n  C a l l b o o k  l i s t s  t h e  cal ls ,  
l ames ,  a n d  address i n f o r m a t i o n  f o r  4 9 5 , 0 0 0  
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icensed r a d i o  a m a t e u r s  in c o u n t r i e s  o u t s i d e  
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Paci f ic  area ( e x c l u s ~ v e  o f  H a w a i i  a n d  t h e  
U.S. possessions). 

The 1 9 8 9  C a l l b o o k  S u p p l e m e n t  is  a n e w  idea  
n C a l l b o o k  upda tes ,  l i s t i n g  t h e  a c t i v l t y  I n  
30 th  t h e  N o r t h  A m e r i c a n  a n d  l n t e r n a t l o n a l  
Cal lbooks.  P u b l i s h e d  J u n e  1 .1989 .  t h i s  c o m .  
m n e d  S u p n l e m e n t  w i l l  i n c l u d e  t h o u s a n d s  o f  
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3 C a l l b o o k  S u p p l e m e n t ,  p u b l i s h e d  J u n e  1 s t  
i nc l .  s h i p p i n g  w i t h i n  U S A  $13.00 
Inc l .  s h i p p i n g  t o  f o r e i g n  c o u n t r i e s  1 4 . 0 0  

SPECIAL OFFER 
3 8 0 t h  N.A. & I n t e r n a t i o n a l  C a l l b o o k s  

inc l .  s h i p p i n g  w i t h i n  U S A  $58 .00  
inc l .  s h i p p i n g  t o  f o r e i g n  c o u n t r i e s  6 8 . 0 0  

+ * * * * * * I * * * *  

l l l i n o l s  res iden ts  Please a d d  6112% t a x .  
A l l  p a y m e n t s  m u s t  b e  In U.S. funds .  

RADIO AMATEUR callbook lwc. 
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De~endable Service I 
A? The ~i 'ght  Price.. . Everytime (7 

IC-765 NEW HF TRANSCEIVER 

Buil t .~n Automatic Antenna 
Tuner and Power Supply 
99 Memories 100 W Output 
160-10MIGeneral Coverage 
Receiver 
Band Stacking Registers 

HFIVHFIUHF I FT-767GX BASE STATION 
All Band, All Mode Transceiver 
Dlrect Keyboard Entry 
Engineered for the DX-Minded 
and Contesting Ham 
I tsGot  I t  All! 

Add Optional 6m, 2m 8 
70cm Modules 
Dual VFO's 
Full CW Break-in 
Lots More Features 

Mob~ le  10 Meter Transce~ve~ 
SSBIAMIFMICW 
25 Watts PEP 
New FM Offsets 8 PL 

KENWOOD O IC-725 )COM NEW ULTRA-COMPACT 
HF TRANSCEIVER 

FT-736R VHF UHF BASESTATION 

SSB. CW. FM on 2 Meters 
and 70 c m  
Optional 50 MHz, 220 MHz or 
1.2 GHz 
25 Wattsoulput  on  2 Meters, 
220 and 70 c m  
10 Watts Output on  6 Meters 
and 1.2 GHz 100 Memories 

Complete Terrnlnal Unlt for 
Morse. Baudot. ASCII. AMTOR 

NOW l/2 PRICE 
CLOSEOUT SPECIAL 

ONLY $169. DELIVERED 
Software Ava~lable 

Call Now-Don't Delay 

USBILSBICW. AM Rece~ve 
Opt~onal Module for AM 
Transrn~t and FM TXlRX 
160-1OM Operat~on * 100 W Output 
Receive 30 kHz to 33 MHz 
26 Mernor~es with Band 
Stacking Registers 

%-I 40s AFFORDABLE DX-~ng! 

HF Transceiver With 
General Coverage Receiver 
All HF Amateur Bands 
100 W output 
Compact. Lotsof Features 

2 Meter 8 440 

RX 138.174 MHz 
TX 140-150 MHz 

440-450 MHz 

ASTRON 
Ei Kantronics 

KT-Series Mono-Band Radios 
10.15.20-30-40.80M MODELS 

SAVE BIG $$ 
Best Price and Complete Selection 

Call Today! 

2METER FM MOBILE 

50 Watts Output . 20 Multi-Function Memories 
Selectable CTCSS Tone Built.in 
Operate 4 Mobile Rigs with Optional 
IF.20 Interface and RC-20 Controller 

KENWOOD 
TH-25AT 

AND POWERFUL 

MFJ SALE MFJ AUNCIl 
SUPER SALE LARGEST STOCK OF ALL 

YOUR MFJ FAVORITE 
ACCESSORIES 

CALL TODAY FOR 
BEST PRICE 

Frequency Cover- 
age: 141-163 MHz 
(Rx). 144-148 MHz 

IC-32AT 
SUPER DUALBAND 
FM HANDHELD 

CTx) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
THd5AT Available 
for 440 MHz 

5 Watts on  Both Bands 
Receive 138-174 MHz 

440-450 MHz 
Stores Standard and ( $449.00 Delivered 

- 

I 
Multi-Mode Data Controller 

0 
I 25W, 21 Memories. Dual VFO's 

At an Unbeatable Price! I 7 

I o d d  offsets 

all Toll Fr 102 N.vv.  DUSII 

Send SASE For usea L 

)n.-Fri. 9 
uri Call- 

Sat. 
3118 

r Lane K 
is t 

ty, MO 64 - 
AlWA 
- 

HUSTL 
MOST ORDERS SHIPPED SAME DAY 

H *  

- 
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OPTOELECTRONICS 
STOP LOOKING! THE FREQUENCY COUNTER 

YOU NEED IS HERE NOW! 
Take a good look at the model 2210 hand held that does it all. Frequency Range is from 
10 Hz to over 2.2 GHz covering audio through microwave. Literally DC to day light with 
extraordinary sensitivity and accuracy. The 2210 is now in demand by technicians, 
engineers, law enforcement officers, private investigators, two-way radio operators, 
scanner hobbyists, and amateur radio operators. Call us today to order yours. 

Separate high impedance and 50 ohm amplifier circuits, two ranges, two gate times, dual crystal 
oscillator design. 8 LED digits, aluminum case, internal Ni-Cad batteries, 1 ppm accuracy, AC-DC 
portable operation. AC adapter-charger included. Full line of probes, antennas, and carry case 
is available. We manufacture the 2210 in the U.S. and have over 15 years of service, quality, 
experience and dedication that you can count on. 

OPTOELECTROlVlCS RNC. VISA* 
5821 N.E. 14th Avenue 1 

Fort Lauderdale, Florida 33334 
FLA (305) 771-2050 Orders to U.S. and Canada add 5% to total ($2 min, $10 max) 

H 189 FAX (305) 771-2052 
Florida residents add 6% sales tax. COD fee $3. 

Foreign orders add 15 % 



MOST POPULAR 
So wonder Yilcsu's FT-212R Series and 

FT-47OORti n1ot)iles are so popular. 
liol only are the features unique and 

plentifr11.l'hc operation hassle-free. .And 
t hc mounting options flrxihlc. IJut also, 
each radio now features a hr~ilt-in PL 
board. I'lus?pti choosc! t he optionill 
mic that. I)ost fits your opera1 ing and 
t~ldgc>t ncrbtls. 

FT-212R SERIES. IVIOHILES TlIAT 
I)OI'RI,E AS XNS\VEKING \IAClIINES. 

Let, t.he 2-meter FT-212R and 440-MHz 
FT-712R take messages while you're away (with DVS-1 option)! 45-watt out,put (35W 
on 440 MHz). Built,-in PL encodeldecode. 18 memories. Auta repeat,er shift. Scan- 
ning rout,incs. Offset tuning from any memory channel. Extrended 
receive. Audible command ~erificat~ion. 
Highllow power switch. Oversize arnbt1r I 
display Choice of optional mic. More. 
FT-4SOORH. DUAL-BAND PERFORMAhCE, 

REMOTE-HEAD DESIGN. 
Mount the FT-4700RH almost any- 

where- Lhe"hrains"on your dash, visor, 
or door; tht! "muscle" under your seat. 50 
watt,s on 2 meters, 40 wat,ts on 70 cm. Full 
crosshiinti duplcx. Simultaneous monitoring 
of each hand, complet,e wit,h independent 

squelch set,tings on the main and 
secondary hands. Built -in PL 
cncodeldecode. 9 memories (each 

hand). Ext.ended receivc. Reverse repeat,er shift,. Highilow 
power switch. Patch cord for remot,e mounting. Bright 1 LCD display Hacklit cont,rols Choia: of optional mic. 

Want more information? Call (800) 999-2070 toll- 
free. Or ask your dealer ahor~t Yaesu's FT-212R Series and 

FT-4700RH mobiles totiav.ltvo of America's favorit,es. 

YAESU USA 17210 Edwards Road, Cerritos, CA 90701 
(21;)) 604-2700. REPAIR SERVICE: (213) 404-4884. 
PARTS: (213) 404-4537 

dlfl1/7 INir 

YAE SU 



7-r"l --J-[- n- " Cornoar+ DX-citing hiqh gc.lr40slranc~ HF transceiver )ual . SSR IF d~lterlng *> ~ l t h  qcneral cosrraer receivrr A built In SSB f~lter IS standard When an 
*w o~t lonal  SSB f~lter (YK-88s or YK-88SN) IS 

Kenwood's advanced digital know-how 
brings Amateurs world-wide "big-rig" 
performance in a compact package. We 
call it "Digital DX-citementW-that special 
feeling you get every time you turn the 
power on! 

Il Amateur b?tids 
General coverage recelver tunes from 
100 kHz-30 MHz Easlly rnod~fled for 
HF MARS operatlon 
Dlrect k ~ v b o a r d  entry of f r e a u ~ n c y  

*A l l  mode+ b u ~ l t - ~ n  
USB, LSB. CW, AM, FM, and AFSK Mode 
selection 1s verlfled In Morse Code 

r VS-1 volce synthesizer (opt~onal )  

Supprlor rrcclver dyriarnlc ranqc 
Kenwood DynaM~x" hlgh sensltlvlty d~rect 
mlxlng system ensures true 102 dB recelver 
dynamlc range (500Hz bandwidth on 20m) 
1')s ,duty : y c l ~  t ransm~tter  
Super efflc~ent coollng permlts contlnuous 
key-down for perlods exceeding one hour 
RF Input power IS rated at 200 W PEP on 
SSB, 200 W DC on CW. AFSK. FM, and 110 
W DC AM (The PS-50 power supply IS 
needed for contlnuous duty ) 
Eui l t -10 autcr7atic antenna tuner 
(opt lorn l )  Covers 80-10 meters - 5 IF f ~ l t e r  f ~ ~ n c t ~ o n s  
VOX, full of seml b reak-~n  CW 

~nstalled, dual filtering 1s provided. 
AMTOR coniaatible 
Adjustable dial torque 
100 memory channels 
Frequency and mode may be stored In 
10 groups of 10 channels each. Split fre- 
quencles may be stored In 10 channels 
for repeater operation. 
TU-8  CTCSS unit (optional) 
Superb interference reduction 
IF shift, tuneable notch filter, noise blanker, 
all-mode squelch, RF attenuator, RITIXIT, 
and opt~onal f~lters f~ght ORM. 
MC-43s UP/DOWN rnic. included 
Computer Interface port 

Opttonal ncces5orlcs 
AT-440 Internal auto,antenna tuner (80 m - 10 m) 88SN 2.4 kHz11 8 kHz SSB f~lters MC-60A180185 
AT-250 external auto, tuner (160 - 10 m) desk m~crophones MC-55 (8P) mobile micro- 

* AT-130 compact mob~le antenna tuner (160 m - phone - US-4151617 headphones * SP-41150150 

Kenwood 
takes you from 
HF to OSCAR! 

10 m) IF-232ClIC-10 level translator and modem mobile speakers MA-5lVP-I HF 5 band mob~le KENWOOD u.S.A. CORpORATlON 
IC k ~ t  PS-50 heavy duty power supply * PS-4301 hel~cal antenna and bumper mount TL-922A COMMUNICATIONS &TEST EQUIPMENT GROUP 
PS-3D DC power supply SP-430 external 2 kw PEP hear amplifier SM-220 stat~on monitor p.0, BOX 22745,2201 E, D~~~~~~~~ street 
speaker ME-430 mobile mountlng bracket (no pan display) VS-1 voice synthes~zer 

YK-88C188CN 500 Hz1270 Hz CWt~lters * YK-88s- * TU-8 CTCSS tone un~l PG-2C extra DC cable Long Beach, CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 

Cornplefe servlce manuals are ava~lable lor all Kenwood lranscervers and rnosl accessorres 
Specihcarrons and prrces are sublecr ro change wrrhour nolrce or obligalron 

PO ~ 0 ~ 1 0 7 5 . 9 5 9  Gana Court 
Mlsslssauga, Ontarlo. Canada L4T 4C2 
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