


Fixed mobile or portable, ICOM's new IC-725 GLOBE-SPANNING OPERATION! directly into the IC-725. Wide impedance 
delivm bandcornmanding performance. The Full F e a ~  Opcrdtion! 26 tunable memories matching range. Mating whip unit (AH2-B) 
e;iw-toaperate IC-725 refleck ICOM's world- with Rind Stack~n; Kqisters which enable you M6 to auto's frame, workr XbIO meten 
renown excellence in circuit design\ versatility to srorc a frequency, switch bandr, and return to 
and dependability. Your enjoyment is also p a -  the stored frequency lOHz digital Frequency 
ranteed with ICOM's one full year warranty! display Thriu. tuning rates Three m n  
SMAU SIZE, BIG PERFORMANCE! mode Highlv en'aive Noise Blanker RIT 

Semi-QSK CW Optional narrow CW Extraordinary Performance! Includts: I60 
thr"yh 10 (,prau(,n . IM outpt filter Built-in AH-3 convoller IC-725 m a -  
* '&(wave from lml\HT to 3 3 M k  only 9.0 \ 3.7 x 9.4 inches (H* W. D). 

ICOM 
First in Communications 

rn SSB, CW and AM modes (FM optional) @hllid AH-3 a~t@rnat i~ and remote antenna KOM Amem IT 23aC.llGtn A V ~ ~  N t RPIIWUP W A ~ M  
Cuslomer Swvice Holline (206) 454.7619 

Sensitive lOMb dynamic range rmiver Low tuner for mobile and mrtable operation. P l w  ~ I S C  P,PTIV Drnr SU,IP 126 ipdinq TX 751x3 ~m MIX P a h y  

n o i ~  DDS switching Fanel-selectable RF preamp iili , Sullc 201 Allanla GA 30349 
i l l N t ~  , 1 ~ 1 1  KOM CANADA. A DIVISIO~ 01 COM Amenca Inc. 

and attenuator Dual VFO's Selectable 30:) r5 Road U ~ I I ~  n~chmond. B c ~ 6 x 2 ~ 4  Canada 

AGC Rugged full duty cycle finals. 
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FOUR user selectable operating modes and 
a 90 number autodialer make Private Patch V 

the ONLY choice! t + + ,4,,4,,-, 4' - -, 
*.? A NQ,!>- " r*\ \ 

', 

Private Patch IZ . MULTI-MODE INTERCONNECT + 
*' 

. -  . . C .  a d  % 
CONNECT SYSTEMS INC 

NOISE DTMF XMT c l o d  
IPOWER 

SELECT AN OPERATING MODE Private Patch V is a totally new concept in automatic 
phone patches. A built-in keyboard and menu driven 

USING THE BUILT-IN KEYBOARD. . . display allow you to customize all modes, features, 
and functions specifically to your application. 

1. SIMPLEX SAMPLING PATCH Private Patch V can be a sampling patch today. A VOX 
patch tomorrow. And a repeater controller next year! 

Private Patch V achieves a level of sampling patch performance 
unobtainable in any other product. Crucial to performance is You may never need another patch again. 
the noise squelch filter. Compare our five pole filter to the 
competition's two pole filter. Advanced software algorithms 
perform noise correlation tests which result in greater useable COMPARE THESE FEATURES. . . 
range than the competition. Nine selectable VOX enhancement 90 phone number autodialer 
ratios allow you to vary performance from straight sampling to 
highly VOX enhanced. (sampling rate decreased while the land 
party is speaking). The mobile is in full control and can break- 
in at any time. 

2. SIMPLEX VOX BATCH 
VOX mode offers superb simplex operation with any radio, 
including synthesized and relay switched models. VOX mode 
has other advantages too. 1. A linear amplifier can be used to 
extend straight simplex range. 2. You can operate through any 
remotely located repeater to greatly extend range. 3. If desired 
you can connect Private Patch V to the MIC and speaker jack 
of your radio. NO INTERNAL CONNECTIONS ARE REQUIRED. 
Control is maintained automatically with built-in dial tone 
detection. busy signal detection and fully programmable activity 
and time out timers. An optional electronic voice delay board 
eliminates first word clipping with slow switching radios. 

3. DUPLEX PATCH 
Select duplex mode when connecting Private Patch V to your 
existing repeater or duplex base station. Many features including 
semi-duplex privacy mode are user programmable. The mobile 
is in full control at all times. 

5. REPEATER CONTROLLER 
Private Patch V will convert any receiver and transmitter into 
an outstanding performing repeater with duplex autopatch. 
Features such as repeater onloff code, hangtime, activity timer 
time, CW ID interval etc. are fully user programmable. Private 
Patch V is the right choice for your club system. 

Last number redial 

Regenerated tonelpulse dialing 
Toll restrict: 1st and 2nd digit restrict, prefix lockout 
and digit counting 
1-5 digit connectldisconnect code 
2-5 digit secret toll override code 
User programmable CW ID 
Remote hook flash 
Auto disconnect on dialtonelbusy signals 
Telephone remote base 
Remote controlled relay (relay optional) 

Lightning protected 

Call or write today for your FREE brochure. 

CONNECT SYSTEMS INC. 
2064 Eastrnan Ave., # I13  Ventura, CA 93003 

Phone (805) 642-7184 FAX (805) 642-7271 
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'I Ldurl~rdnle FL . NCG DISTRIBUTING CORP. Mlamt FL . OMNl ELECTRONICS 
Larr l o  T x  PACE ENGINEERING Tur\on A7 . THE HAM STATON Ev?nsv~llc IN . VALLEY 
RADIO CENTER Hadlnqen TX . CANADA-COM WEST RADIO SYSTEMS LTD. VancouvPr RC 
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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! - II Arnatrur bands 

General coverage recelver tunes from 
100 kHz-30 MHz Eas~ly modlf~ed for 
HF MARS operat~on. 
Dirpct keyboard entry of f r ~ q u o n c v  

a Sljpor n r  . 7rn  r ' r ; v n  lrllr rlnfiE. 

Kenwood DynaM~x ' h ~ g h  senslt~v~ty dlrect 
rnlxrng system pnqurrs true 102 dB recelver 
dynarnrr ranqp (500 H7 bandw~dth on 20 m) . 7 )(7 rlr,' i,,, ' ~ 1  '*,?n, nll"n 

Super PHI( rent cooling perm~ts contlnuous 
key down for p e r ~ n d ~  exceeding one hour 
RF Input power 14 rated at 200 W PEP on 
SSB. 200 W DC on CW. AFSK. FM. and 110 
W DC AM ( T ~ P  PS 50 power supply IS 
needed for contlnuous duty ) 

torque 
nnnels 

Frequency and mode may be storpd In 
10 groups of 10 channels each Split fre 
qwncles may be stored ~n 10 channels 
for repeater opernt~on 
T \ l  P CTCSS t ln~ t  (optional) 

* Srcn~rh ~ n t e r f e r ~ n c e  reductton 
IF shtft, tuneable notch f~lter nolse blanker. 
all mode squelch. RF attenuator RITIXIT. 
and opt~onal filters f~ght ORM - pflC 4 7 5  IIP/DOWW mlc. Included 

* (,nmot~ter fnfcrface port 
All modes bu~ ld -~n  - - -  5 IF fllter funct~ons 

USB. LSB, CW, AM. FM. r Dual SSB IF filtering 
and AFSK Mode A bu~ l t -~n  SSB f~lter IS 

select~on IS venf~ed in standard When an 
Morse Code optronal SSB frlter 
Oullb-ln automat~c (YK 88s or YK-88SN) IS 

antenna t u n ~ r  I, installed dual fllter~ng 
(opt~onal) L IS prov~ded 
Covers 80-10 meters I VOX,  full or seml 
\IS-l vorce synthe- I ,  I / b reak-~n  CW 
svpr  (optlonnll - , AMTOR compat~b le  

helical antenna and bumper mount TL 922A 
2 kw PEP hear arnphf~er SM 220 stat~on mon~tor ( , , , , , , , ,,, ," ,,,, ,, ,,, ,,, KENWOOD U.S A. CORPORATION 

VS 1 vorce synthes~zer * SW 100A/200A/2000 ,, ,, , , ,. , , , , , , ,, ,, ,,,,,,,, 2201 E Domlngrlc.7 St Long O~nch. CA 90810 
SWRlpower meters 0 TU 8 CTCSS tone unit <,,, +,  , , , , I , ,  , w,f,,,,f PO Rox 22745 I onq Bearh CA 90801 5745 

PG-2s extra DC cable r r 1 r r . l  t a r  



MAY 1989 

volume 22, number 5 

P u b l i s h e r  & E d ~ t o r - i n - C h i e f -  
T H .  T E N N Y ,  JR. .  W l N L B  

EDITORIAL STAFF 
Managing Editor: 
l ~ r r y  N o r t l i u p ,  K A I S T C  

Technical Editor: 
M n r t y  D u r h a m ,  NBlH 

Consulting Editor: 
R o b e r t  D W ~ l s o n .  W A l T K H  

Associate Editors: 
Tom M c M u l l e n .  W l S L  
J o s e p h  J S c h r o e d e r ,  W 9 J U V  
A l f r e d  Wi l son .  W G N I F  

Production Editor: S u s a n  S h o r r o c k  
Copy Editor: P e g g y  Tenney. K A l Q D G  
Editorial Assistant: B e t h  M c C o r m a c k  

Editorial Review Board: 
P c l e r  B e r l ~ n ~ .  K l Z J H  
FZorrest Gehrke .  K 2 B T  
M l c h a e l  G r u c h a l l a ,  PE. 
B o b  Lewls.  W Z E B S  
M a s o n  Logan. K 4 M T  
V e r n  R ~ p o r l e l l a .  W A Z L Q Q  
Ed W e l h e r h o l d .  W 3 N Q N  

- 

PUBLISHING STAFF 
Assistant Publisher: 
J C r a ~ c l  C l a r k  J r  N l A C H  

Director of Advertising Sales: 
H e n r y  S G a l l u p ,  N I G C F  

Advertising Production Manager: 
Clorolhy S a r g e n l .  K A l Z K  

Circulation Manager: S u s a n  S h o r r o c k  
Circulation: T h e r r s e  B o u r g a u l l  
Traffic Manager: P t i ~ l  A l ~ x .  N I F P X  
Book Store: M a r ~ b e l h  B u c h a n a n  

See page 25 for the win- 
ners o f  March's Week- 
ender contest. 

KZ3K, page 49 WGSAI, page 74 

IMPROVED HIGH-PERFORMANCE YAGlS FOR 432 MHz 9 
S t c v e  P o w l ~ s h e n .  K l t  0 

The Weekender: CONVERTER TUNES 4 TO 18 MHz WITH 
NO BANDSWITCH 26 
Jdck N<;lorh WS' G 

THE FOLD WIRE FED TOP-LOADED GROUNDED VERTICAL 32 
Walter  J S c h u l z  Jr K 3 0 0 F  

Elmer's Notebook: OSCILLATORS 44 
Tom M c M u l l e r i .  W l S L  

IMPEDANCE MATCHING TRANSFORMERS AND 
LADDER LINE 49 
P c t c r  A ~ i t l t ~ r s o r i  hZ3K 

A NOVEL METHOD FOR MEASURING CABLE ATTENUATION 65 
A E P o p o d ~ .  OC2APM 

Ham Radio Techniques: ANTENNA TIME 
8\11 Orr. WGSAI 

The Weekender: THE MICROFARAD COUNTER 
H a n s  Evcrs.  PAQCX 

Practically Speaking: HIGH-FREQUENCY DIPOLE ANTENNAS, 
PART 1 92 
Jor Car (  K41PV 

Cover Illustration: H a n s  Evers.  P A 0 C X  

WILLIAM W. EITEL, WGUF 4 NEW PRODUCTS 104, 117 
PUBLISHER'S LOG 6 DX FORECASTER 109 
COMMENTS 6 FLEA MARKET 112 
HAM NOTEBOOK 38 ADVERTISER'S INDEX 118 
PRODUCT REVIEW 101 READER SERVICE 118 
HAM MART 102 

HAM RADIO Magazine IISSN 0148 5989) IS published monthly by Commun~cattons Technology Inc Greenvllle New Hampshtre 
03048 049BTelephone 603 R78-1441 S a r l p t i o n R a t w .  Un~ledStates oneyear $22 95 two years 53895 threeyears $4995 
Europe (vla KLM alr malt) 54000 Canada Japan South Alrlca and other counlrles ivba surface mall) one year 531 00 two years 
$5500 three years $74 00 Allsubscr~pl~onorderspayable~nU S lunds vlaInternaltonal postal money order orcheckdrawnon 
U S  bank lnlernatlonal Subscnptlon Agents page 100 
M~crol~lmcop~esareava~labl~~tromBuckmaster Publ~shlng Mtneral Vlrglnta23117 CassetlelapesolselecledarttcieslromHAM 
RADlOareava~labletoIhe bltndandphyslcally hand~cappedlromRecorded Pertod~cals 919 Walnut Street Phlladetphla Penn 
sylvanla 19107 
Copyrlghl 1989 by Commun~cat~ons Technology Inc Tltle reglslered a1 U S  Palent 0 1 1 1 ~ ~  

Second-class postage p a d  a1 Greenvllle. New Hampshlre03048-O498and at addll~onal ma~l~nqol l~ces Sendchangeoladdress 
to HAM RADIO, Greenv~lle. NQW Nampshrre 03048.0498 



William W. Eitel, W6UF 
1908 - 1989 

WGUF: Amateur 
frontiersman 

To say "It can't be done" was a chal- 
lenge to William W. Eitel, WGUF. In 
1927 it was thought that the new 10- 
meter band was workable for line-of- 
sight transmissions only, as the 5-meter 
band seemed to be. WGUF was one 
of the first stations on the band, deter- 
mined to prove that 10-meters was 
good for long distance communica- 
tion. In a few weeks he was running 
daily skeds with WlCCZ and ZL2AC, 
establishing beyond a doubt the DX 
qualities of the new band. His home- 
made transmitter used a crystal he had 
ground from a chunk of quartz found 
in a mountain stream. He saved money 
for weeks, to buy an 852 tube for the 
150-watt amplifier stage. He built a two- 
tube regenerative receiver. His efforts 
were summarized in QST in January 
1929. Ten meters was not like the "ultra- 
high" frequencies! It was a DX band! 

This was an auspicious beginning 
for a 20-year-old lad with a consuming 
curiosity about radio communications. 
HIS biggest problem was the cranky 
852 tube; it required enormous plate 
voltage to work properly at 10 meters. 
He decided he could build a better 
tube, which would work at a reasona- 
ble plate potential. 

His chance came in 1933 when he 
went to work for a vacuum tube 
manufacturer in the San Francisco 
area. Bill, along with Jack McCullough, 
WGCHE, developed a low-voltage, 
high-current tube that proved superlor 

to the 852. Unfortunately, the company 
(a marine communication business) 
wasn't interested in selling tubes to 
Amateurs , so tube sales languished. 
Bill and Jack soon left the company, 
and in 1934 started a new enterprise 
- Eitel-McCullough, Inc. Their goal 
was to build reliable "EIMAC" tubes 
that would operate at higher frequen- 
cies than anything available. They bor- 
rowed $5,000 and designed a revolu- 
tionary new triode tube, the 150T. 

This was the start of something big. 
EIMAC tubes were quickly adapted for 
commerc~al and military use, and the 
little company prospered. Within a 
decade it became the United States' 
leading producer of power electron 
tubes and related devices. The com- 
bination of Jack (the planner and 
designer) and Bill (the hands-on 
activrst) was fortuitous. The right guys 
with Ihe r~ght products at the right time! 

Bill's ~nterest in Amateur Radio. 
although curtailed by the effort of build- 
ing a company and the demands of 
war production, never flagged. Bill and 
Jack went out of their way to enlist 
Radio Amateurs in the company, to 
encourage them in the new commun- 
ication ~ndustry, and to develop new 
tubes for Amateur Radio. 

Over the years, Bill never lost his 
inventor's curiosity. His interest in 
advancing the frontiers of Amateur 
Radio continued. In 1961 the EIMAC 
Radio Club, under the leadersh~p of 
Bill, Jack, and Hank Brown (WGHB), 
established the first Amateur two-way 
"moonbounce" contact on 1296 MHz 
with WIFZJ. 

Bill was a member of the Northern 
California DX Club and Project 
OSCAR. He donated time, equipment, 
and money to make the early OSCAR 
satellites successful. If there was a job 
to be done, he'd do it. His enthusiasm 
and support were often all that kept the 
early OSCAR satellite program from 
foundering. He was a remarkable, 
enthusiastic leader in the best sense 
of the word. He was an excellent oper- 
ator, CW or phone, and set the pace 
for Amateurs many years his junior. 

Upon retirement, Bill moved to Day- 
ton, Nevada and set up his own exper- 
imental laboratory, continuing to work 
on ideas that interested him. He was 
a life member of the ARRL, Project 
OSCAR, and the 5-Star Operator's 
Club. He was elected to a fellowship in 
the Radio Club of America. 

He passed away in February 1989 
at the age of 81. His accomplishments 
were many. In addition to being an 
active Radio Amateur, inventor, com- 
pany founder, and executive, he was 
a good companion. He left behind a 
multitude of fr~ends who mourned his 
passing. He left his mark in electronics 
and the Amateur world. His discontent 
with the status quo drove him to suc- 
ceed when others dropped by the 
wayside. His Inquisitive mind made him 
an alert problem solver. Along the way 
he helped others. He was an American 
original: a self-educated small-town 
boy who grew up in a turbulent era of 
rapid and productive scientific growth 
- and mastered his world. 

We will all miss him. 73. Bill. and SK. 
Bill Orr, WGSAI 
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Stacked inyour Favor! 
FM Mobile Transceiver 
Looking for a compact transceiver 
for your mobile VHF and UHF opera- 
tions? KENWOOD has a compact rig 
for each of the most popular VHFI 
UHF bands. 

, n ' ' I  unction memory channels. 
20 memory channels allow storage of fre- 
quency, repeater offset. CTCSS frequency, 
frequency step,Tone OnIOff status. CTCSS 
and REV 
High performance-high power1 
SOW (TM-231A), 35W (TM-431A) with 
a 3 pos~t ion power switch (h~gh, 
medium, low). 
Opt~onal full-function remote 
controller (RC-20). 
A full-funct~on remote controller uslng the 
Kenwood bus I~ne, model RC-20, may be 
easlly connected to the TM-231A1431A1531A 
and can be mounted In anv conven~ent 

Multi-function DTMF mic. supplied. 
Controls are prov~ded on the microphone 
for CALL (Call C.lannel).VFO. MR (Memory 
Call or to change ttie memory channel) and 
a programmable functron key.The program- 
mable key can be used to control one of the 
following on the rad~o: MHz. T. ALT TONE. 
REV, DRS, LOW or MONITOR. 
Easy-to-operate illuminated keys. 
A funct~onally des~gned control panel with 
backlit keys Increases the convenlence and 
ease of operation durlng night-t~me use. 

A u t o  repeater offset on 144 and 
220 MHz. 
Built-in digital VFO. 
a) Selection of the frequency step ( 5 ,  

10.15.20.12.5. 25kHz) 
'TM-531A: 10.20.12.5 25kHz 

b) Programmable VFO 
The user fr~endly programmable VFO allows 
the operator to select and program var~able 
tuning ranges in 1 MHz band Increments. 

Programmable call channel function. 
The call channel key allows Instant recall of 
your most commonly used frequency data. 
Selectable CTCSS tone built-in. 

T o n e  alert system-for true "quiet 
monitoring"! 
When activated this function will cause a 
distlnct beeper tone to be emltted from the 
transceiver for approx~mately 10 seconds to 
slgnal the presence of an ~ncoming signal. 
Easy-to-operate multi-mode scanning. 
Band scan. Program band scan. Memory 
scan plus programmable memory channel 
lock-out, w~th t~me operated or carrler oper- 
ated stop. 
Priority alert. 
DRS (Digital recording system). 
The opt~onal DRU-1 can store received and 
transmitted messages for up to 32 seconds. 
allowlng the operator to qu~ckly check or 
return any call uslng the tone alert system. 
Automatic lock tuning function 
(TM-531A). 
Repeater reverse switch. 

Optional Accessories 

RC-20 Full-funct~on remote controller 
RC-10 Multi-funct~on remote controller 
IF-20 Interface un~t handset DRU-1 DI~I-  

tal recording un~t MC-44 Multr-funct~on 
hand mlc. MC-44DM Multl-funct~on hand 
mlc w~th auto-patch MC-488 16-key DTMF 
hand mlc MC-55 8-p~n moblle mlc 

MC-60A/80/85 Desk-top mlcs MA-700 

Dual band (2mI70crn) mob~le antenna (mount 
not suppl~ed) SP-41 Compact moblle 
speaker SP-BOB Moblle speaker PS-430 
Power supply PS-50 Heavy-duty power 
supply MB-201 Mc blle mount PG-2N 
Power cablcl PG-3B DC llne nolse f~lter 

PG-4H Interf~ll e connecting cable PG-4J 
Extens~on cable k ~ t  *TSU-6 CTCSS un~t 

Spi~rrlrca11or:s and prrces sublecl lo change wr!houl nolrce or oblrgarron 
Cc~rnplere servrce rnanualr are avarlable lor all KenwonO rrnnscelvers and most arcessorles 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745.2201 E. Dom~nguez Street 
Long Beach, CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075,959 Gana Court 
Mlssrssauga. Ontarlo. Canada L4T 4C2 
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PUBLISHER'S LOG 
You are now looking at the final 

step in our redesign program here 
at Ham Radio. It represents well 
over a year of very hard work on 
the part of a large number of peo- 
ple including many of you, our 
r 

jitorial 
statt. Next, we rnrervlewea a siza- 
ble sample of both subscribers 
and non-subscribing Amateurs to 
find out where you felt our 
strengths and weaknesses were. 

,, What should be done to make the 
best Amateur Radio magazine 
even bettl 

BY S ~ P  ir you 
saw phase UI le, WILI I UUI I la\N logo 
and a redirected emphasis on 
practical construction articles and 
shorter technical and tutorial 
F e also instituted the feed- 
t j s  to find out just what 
I and didn't like about our 
manv changes. 

ned, we 1 

1 ?d again 
those responsible for the aeslgn ot 
the maga e hard at work 
coming u product which 
would be I I I U I  t: ayd pleasing than 
ever before. One that would, at the 
same time, be very efficient in 
helping the reader to get the most 
from each page they read. 

I'm very happy with this finished 
product. but I'm even more proud 
of the many people who have 
gone the extra distance to bring all 
of this together. Thanks must go to 
ti M; to 
tl tY Pe- 
s is. our 
c msultant. 

nal progr, Y over, 
1: [riving fo~ ?ment 
v stop. If you have any 
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Comments 

A good laugh 
Dear HR 

Your February issue arrived in the 
mail yesterday and, after a look at the 
cover, I had one of the best laughs in 
a long time! 

It's hard to tell what the piece of gear 
is that has your "cover ham" looking 
so apprehensive, but I immed~ately 
thought of the old SB-104 that is sitting 
on my table; the schematic is just 
about the same size, so big that I finally 
pinned ~t on the wall for convenience. 

So congratulations to you and your 
artist for identifying with us readers 
who enjoy (?) digg~ng into gear! 

Ray Burke, VEIBFG, Bathurst, 
New Brunswick, Canada 

A good recipe- 
blending old with new 
Dear HR 

My good friend, Bert Cliff, W2QN. 
gave me a one year subscription to HR 
for Christmas. Today, for the first time 
since a lapse of almost ten years, I 
received the January issue in top con- 
dition. 

I could not help but sit down and 
work through the magazine as soon as 
I could do so. If I am not mistaken, you 
are endeavoring to create a blending 
between the former Ham Radio 
Horizons and Ham Radio, which I fol- 
lowed for many years. My first impres- 
sion is that you have achieved an 
excellent mixture. I, therefore, would 
suggest that you continue along this 
line, and I am eagerly looking forward 
to the following issues. 

I have included my magazine evalu- 
ation card. I found the art~cle written by 
Joe Reisert. W1 JR, "VHFIUHF World," 
of special interest since it may well 
have put quite a dent into my HF one- 
sided-ness. 

Congratulations to Joe Carr, K41PV. 
for his splendid article on "Writing the 
Technical Article." I was the last editor 
of the prewar German DASD Amateur 
Magazine CQ in 1941143. 1 do wish I 
could have read Joe's advise then, or 
at least in 1947 when I started my side- 
line career of writing pieces for our first 
ham mag QRV after the war. 

Albert Heine, DK7CN, 
D-8990 Lindau, W. Germany 

Food for thought 
Dear HR 

I have just read a letter by AA6W 
in your magazine of February 1989. 

I am surprrsed. Perhaps the radio 
operators in San Diego are different 
from those here. 

As an Amateur who is a relative new- 
comer (about 6 years), currently 49 
years old, a V.E., and a volunteer oper- 
ator at a museum demonstration sta- 
tion, I can make the following personal 
observations: 

I was stimulated to get my license by 
a man years my junlor, not a grand- 
father. 
The growth of Amateur Radio, in this 
area, is positive and being aided by 
classes conducted by radio clubs in 
Delaware, Pennsylvania, and New 
Jersey. 
The newcomers are of all ages, and 
it's often a family affair. 
5 WPM code can be passed by any- 
one who makes even a minimal 
effort. Of course code is an entrance 
requirement, but, so is a lot of other 
knowledge - frequencies, rules, 
regulations, electronics, etc. 
Now, if the code requirement is elimi- 

nated under the guise of "too hard, 
scares them away," "not necessary," or 
some other feeble excuse, what do you 
suppose might be the next require- 
ment to go - perhaps questions 
about ... oh shucks, why even have an 
examination! "All an Amateur does is 
push a bunch of buttons." I can hear 
it now. 

Merrill Jay Mirman, D.O., KT32, 
Springfield, Pennsylvania 
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Dual Band Afford-abilitv! 

Dual Bander 
The TM-7OlA combines two radios 
into one compact package. You get 
25 watts on 2 meters and 70cm, 20 
memory channels, tone encoder 
built-in, multiple scanning, auto 
repeateroffset selection on 2 meters, 
and a host of additional features! 
l 20 multi-function memory channels. 

70 memory channels allow storage of fre- 
quency, repeater offset, CTCSS frequency, 
frequency step, and Tone OnIOff status. 
CTCSS and REV, prov~ding qulck and easy 
access durlng mob~le operation. 

l 25W on 2m and 70cm. 
l Selectable full duplex-cross band 

(Telephone style) operation. 
l Easy-to-operate front panel layout. 

Multi-function DTMF mic. supplied. 
(;ontrols are prov~ded on the m~crophone 
for CALL (Call Channel), VFO. MR (Memory 
Call or to change the memory channel) and 
a programmable funct~on key. The program- 
mable key can be used to control one of the 
following funct~ons on the rad~o MHz,T ALT. 
TONE. REV, BAND, or LOW power 

Optional full-function remote 
controller IRC-20). 
A fu~~-functldn rerno'te controller uslng the 
Kenwood bus llne may be eas~ly connected 
to the TM-701A and mounted In any con- 
venlent locat~on The new controller 1s cap- 
able of operating all front panel funct~ons 
Built-in dual digital VFO's. 
a) Frequency step selection (5,10,15, 

20,12.5,25kHz) 
b) Programmable VFO 
The user fr~endly programmable VFOs allow 
the operator to select and program varrable 
tunlng ranges In 1 MHz band Increments 
Programmable call channel function. 
The call channel key allows Instant recall of 
your most commonly used frequency data 
Programmable tone encoder built-in. 
l Tone alert system-for true quiet 

monitoring. 
When actrvated thls funct~on w~ll cause a 
dlstlnct beeper tone to be em~tted from the 
transceiver for approx~mately 10 seconds to 
s~gnal the presence of an lncomlng s~gnal 
l Easy-to-operate multi-mode scanning. 

a) VFO scan 
Band scan. Programmable band scan 
b) Memory scan plus programmable 

memory channel lock-out 
c) Dual scan 

Dual call channel scan 

e) Scan direction 
f) Alert 
When the AL switch is depressed memory 
channel 1 IS scanned for activity at approxi- 
mately 5 second intervals. 
MHz swltch. 
l Lock function. 

Repeater reverse switch. 

Optional Accessories 
RC-20 Full-funct~on remote controller 
RC-10 Multl-funct~on remote controller 
l IF-20 Interface un~t handset MC-44 Mult~. 
furict~on hand m1c.o MC-44DM Multi-funct~on 
hand mlc wlth auto-patch MC-486 16-key 
DTMF hand m1c.0 MC-55 8-p~n mob~le mlc. 
l MC-60A/80/85 Desk-top mlcs l MA-700 
Dual band (2m170cm) moblle antenna (mount 
not supplted) SP-41 Compact mob~le 
speaker SP-SOB Moblle speaker l PS-430 
Power supply PS-50 Heavy-duty power 
supply l MB-201 Moblle mount PG-2N 
Power cable PG-3B DC llne nolse fllter 
l PG-4H lnterface connecting cable PG-dl  
Extens~on cable k ~ t  oTSU-6 CTCSS unlt 

KENWOOD 
l Easy-to-operate illuminated keys. Dual memory scan KENWOOD U.S.A. CORPORATION 

A functionally des~gned control panel with Dual VFO scan COMMUNICATIONS &TEST EQUIPMENT GROUP 
lnd~v~dually backllt keys increases the con- d) Scan stop modes PO BOX 22745,2201 E. Domlnguez Street 
venlence and ease of operat~on durlng T~me operated scan (TO) Long Beach. CA 90801-5745 
n~ght-t~rne use. Carr~er operated scan (CO) KENWOOD ELECTRONICS CANADA INC. 

Specrhcalfons and prices sublecl lo change wrthoul nolrce or obllgabon 
Complete servrce manuals are available for all Kenwood lranscelvers and most acces:.ones 

P.O. BOX 1075,959 Gana Court 
Misslssauga. Ontarro, Canada L4T 4C2 



BEST MFJ, Bencher and urtis team OF up to bring you America's MFJ most popular 

keyer in a compact package for 
b D  

. . 
smooth easy CW 

The best of an CW worlds - a deluxe MFJ Keyer using a Curtis 8044ABM chr? ~n a 
compact package that f~ ts  right on the Bencher iambic paddle! 

Th~s MFJ Keyer IS small in size but big in features. You get iambic keying, adjustable 
weight and tone and front panel volume and speed controls (8-56 W?M), dot.dash 
memories, speaker, sidetone and push button selection of automdtic or semi-automatic1 
tune modes. It's also totally RF proof and has ultra-reliable solid state outputs that key 
both tube and solid state rlgs. Use 9 V battery or 11 0 VAC w~th  MFJ-1305. $9.95. 

The keyer mounts on a Bencher paddle to form a small (4 118 x 2 518 x 5% ~nches) 
attractive combination that IS a pleasure to look at and use. 

Amer~ca's lavor~te paddle, the Bench, has adjustable gold.plated silver contacts, lucite 
paddles, chrome plated brass, and a heavy steel base with non-skid feet. 

You can buy lust the keyer assembly. MFJ-422BX, for only $79.95 to mount on your 
Bencher oaddle. 

ge 518 Inch bold LCD d~g~ ts  let you 

ground connection w 
ce. Center Ground posit~on. 2.5 

ation better than 50 dB 500 MHz. 

optlmlze your antenna for 
peak performance wlth this 
portable, totally self- 
contamed antenna bridge. 

No other equipment 
needed - take it to your 
antenna site. Determine if 
your antenna is too long or 
too short, measure its 
resonant frequency and 
antenna resistance to 500 
ohms. It's the easiest, most 

null meter. tunable oscillator.dr~ver 

'WorU Radio TV Handbook' says 
I! runs on a 9 volt 

One year unconditional guarantee 30 day MFJ ENTERPRISES, INC. 
money back guarantee (less slh) on orders from P 0. Box 494. M~ss~ssipp~ State. MS 39762 
MFJ Add $5.00 each slh Fne catalog (601) 323-5869. TELEX: 534590 MFJSTKV 

MFJ ... making quality affordable Nearest Dealer or Orden only: 800-647-1800 
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IMPROVED 
HIGH- 
PERFORMANCE 

FOR 432 MHz 

Obtaining 
the most 
from a design 

By Steve Powlishen, K1 FO, 81 6 Summer Hill Road, 
Madison, Connecticut 06443 

I n the July 1987 issue of Ham Radio Magazine: I 
described a high-performance 432-MHz Yagi design 
which I built from a Cushcraft 424B. This design 

improved the radiation pattern and wet weather perfor- 
mance of the original and offered a substantial increase in 
forward gain. 

I gave two versions of the design. The first used 24 ele- 
ments on a 17' boom. K20S, WA3FFC, and W7HAH now 
use this Yagi on EME. All of them have reported on-air EME 
performance improvements. A number of tropo operators 
have also been pleased with the results of my modification. 
But tropo performance is much harder to quantify and 
prove than EME performance. The Yagi works so well that 
several operators have chosen to build it from scratch. As 
it stands, the 24-element Mark 3 Yagi is still the final ver- 
sion for this boom length. I examined the possibilities of fur- 
ther optimization and found that I wouldn't achieve more 
than an additional 0.1 dB in theoretical gain. Unfortunately, 
I could obtain this gain increase only at the expense of pat- 
tern deterioration and increased resistive losses. 

The second version of my design used a 24' extended 
boom and had 32 elements. (See Table 1 for element length 
and spacing dimensions.) This extended version has also 
been used successfully on €ME, both in NCll's 16-Yagi 
array and my 4Yagi portable EME array. NC11 used the 4- 

Yagi array in his Rhode Island and Vermont EME DXpedi- 
tions. WASFWD has used a similar 4 x 32 element Yagi 
array on EME. (He's now replaced it with an even longer 
36-element model.) In the July 1987 Ham Radio article,' I 
mentioned that while the 24-element design was a third- 
generation effort, the 32-element model I described was 
a second-generation effort which still had room for improve- 
ment. I also gave alternative, but untested, director lengths 
for a potentially improved 32-element Yagi and an even 
longer 38-element model (both third-generation designs). 

The revised design 
Here are the final improved and tested dimensions for 

the 32-element Yagi. It's called the 32-element Mark 4 Yagi 
and is the fourth major revision of this design. The improve- 
ments to this 32-element Mark 4 Yagi over the earlier pub- 
lished version are: 

Improved radiation pattern, primarily in the rear lobes. 
Greatly improved VSWR bandwidth and wet weather 
performance. 
Reduced element resistive losses. 
Higher forward gain (-0.2 dB). 
Higher center frequency tuning for improved array per- 
formance. 

I've also detailed a fully tested 27'6" long model. 

Ham Rad~o/May 1989 9 



CHI  

COR 

I 1 

Resonant frequency and VSWR bandwidth of the original 32- 
element Mark 2 Yagi. 

Why improve it? 
I got the impetus for these changes while helping to 

assemble NCll's 16-Yagi EME array. I had determined the 
driven element T match dimensions by testing a Yagi 
mounted on a pole in my back yard. When we started 
check~ng the driven element matches of the individual 
Yagis, mounted in place with the other Yagis in the 16-Yagi 
array, the dimensions for an acceptable VSWR didn't agree 
with my earlier work. A similar but lesser match problem 
arose in the 4-Yagi portable EME array. And, although wet 
weather performance of NCll's 16-Yagi array was greatly 
improved over the unmodified Yagis, the wet weather VSWR 
performance wasn't as good as we'd hoped. 

I examined a sample 32-element Yagi on a Hewlett- 
Packard 8753A network analyzer; it revealed a very nar- 
row match bandwidth. As you can see in Figure 1 (a prin- 
tout of the network analyzer measurement), the under 1.2:1 
VSWR bandwidth is approximately 1 MHz. The driven ele- 
ment is under 2:l VSWR over a 5-MHz span. This was sub- 
stantially narrower than that displayed by the 24-element 
Mark 3 Yagi. My attempts to improve the match bandwidth 
on the 32-element Mark 2 Yagi by driven element adjust- 
ments alone were unsuccessful. With the help of the net- 
work analyzer I found a "natural" match frequency with 
acceptable bandwidth centered at 423 MHz. Previous work 
on the 32-element Yagi had shown that shortening all of 
the elements to raise the center frequency 9 MHz would 
lower the gain by several tenths of a dB. 

I continued my computer analysis. As described in the 
Ham Radio article, the orginal computer analysis for the ver- 
sion 2 Yagi was done using a variation of the WB3BGU pro- 
gram. Because of the limited accuracy of this program, I 
had to make element adjustments to control the radiation 
pattern. Investigations done with MlNlNEC showed exces- 
sive currents in the first few directors. These directors were 
also quite long when compared with some other designs. 
In fact, the director string could be divided into three parts: 
the first few directors which were tuned too low in frequency; 
the middle set of directors which were tuned too high in 
frequency; and the last directors which were tuned close 
to the correct frequency, but slightly low. Further analys~s 
and work on other long Yagi designs2 showed that a smooth 

Dimensions KlFO 24: 32-element Mark 4 Yagi. 

Element Element Boom Element 
Spacing Length 
(inches) 

1.000 REF 
5.250 D E 
7.875 D l  

11.563 0 2  
16.813 I "  D3 
23.563 305 D4 
31.875 D5 
42.125 297 D6 
52 375 294 D7 
62.625 292 D8 
72.875 290 D9 
83.125 288 D l0  
93.375 286 1 1 / 8 "  Dl1 

103.625 285 D l2  

minor lobe pattern coincided with a good current distribu- 
tion. I used this information in the 24-element Mark 3 Yagi 
design. 

Design details 
Up to this point, I'd been doing all my work on the Yagis 

in English dimensions. I needed an easier measurement 
method because I was spending considerable time build- 
ing test Yagis. Metric dimensions for the element lengths 
were the answer. Not only is the millimeter an easier unit 
for working with 432-MHz Yagis, but the size of a millimeter 
(.039") allows for a smoother element taper - without the 
confusing fractional units. 

All element spacings are the same as they were in the 
earlier versions; they are given in inches. I spent a fair 
amount of time looking at other spacing arrangements. It 
was possible to obtain slight performance improvements, 
but only with extensive spacing changes. These changes 
would make additional modification and upgrading difficult, 
defeating my purpose. 

To make this improved design, I first converted the Erig- 
lish lengths used in the 24-element Mark 3 Yagi to metric 
dimensions. Next I rounded these millimeter-sized directors 
to whole millimeters. Then I smoothed out the large changes 
in director lengths. The computer analysis on MlNlNEC 
looked promising, but there was a substantial frequency 
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Froin AVCOM!!! 
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PSA-65A display of 270-770 MHz TVRO block downconverter showing SCPC, digital and video transponders. 

The newest in the line of rugged spectrum analyzers from AVCOM offers amazing performance for 
only $2,675. 

AVCOM'S new PSA-65~  is the first low cost general purpose portable spectrum analyzer that's loaded 
with features. It's small, battery operated, has a wide frequency coverage and is accurate - a must for 
every technician's bench. Great for field use too. 

The PSA-65A covers frequencies thru 1000 MHz in one sweep with a sensitivity greater than -90 dBm 
at narrow spans. The PSA-65A is ideally suited for 2-way radio, cellular, cable, LAN, surveillance, edu- 
cational, production and R&D work. Options include frequency extenders to enable the PSA-65A to be 
used at SATCOM and higher frequencies, audio demod for monitoring, log periodic antennas, carrying 
case (AVSAC), and more. 

Can't wait to find out more about this revolutionary new AVCOM Spectrum Analyzer? Then see us at 
the SPACE/STTI Las Vegas Show, March 21-23, THE INTERNATIONAL MOBILE COMMUNICA- 
TION EXPO in Las Vegas, March 29-31, or Dayton HAMVENTION, April 28-30. Write, fax or call 
AVCOM for brochure and specifications sheet. 

AVCOM BRINGING HIGH 
TECHNOLOGY 
DOWN TO EARTH 

500 SOUTHLAKE BOULEVARD RICHMOND, VIRGINIA 23236 804-794-2500 
FAX: 804-794-8284, TLX: 701 -545 



YOTE:  
T '  BARS ARE NOT PARALLEL 

TO T H E  DRIVEN E L E M E N T  ! 

L AND SHORTING STRAPS 
CHANGE WIRE FROM 
N CONNECTOR TO # 12 

MOOlF lED CC R G - 3 0 3 / U  BALUN 

SOLDER LUG 

Construction detail of the 32-element Mark 4 driven element using 4248 parts. 

shift as a result of these manual length changes. I short- 
ened the lengths to center the Yagi at the desired frequency. 

Now I had to perform the final length optimization using 
MININEC. This was a painfully slow process because of the 
computation time required by the computer available to me 
at that time. A quick look at the Yagi modeling with four seg- 
ments required over 2 hours; a more accurate examination 
using eight segments took almost 8 hours. Consequently, 
I was able to make only a few element adjustments each 
day. I'd make an overnight high-accuracy run to ensure that 
I was still on the right track. Fortunately, the machine I use 
now solves the problem over six times faster. 

When I started th~s project 4 years ago, I was using a 
simple program. The original design objective was to 
increase the Yagi's gain while creating a clean radiation pat- 
tern. My current design process adds to the original goals 
with the following requirements: 

Very high forward gain per boom length. 
Very clean radiation pattern. 
Wide gain bandwidth. 
Acceptable dry and wet weather performance. 
Good driven element match bandwidth. 
Reasonably high natural driven element impedance. 
Good director current distribution. 
Low resistive losses. 

Knowledgeable use of the original program can get you 
80 percent of the way to a good Yagi design. But the new 
requirements have rendered my first program obsolete, as 
it is unable to get all the way to an optimum solution. More 
complex programs, along with the all-important post- 

computer optimization steps, now take you 95 percent of 
the way to the perfect Yagi. 

After finalizing the computer-generated dimensions, I 
began to build and test the project. As I had already built 
and tested a number of Yagis, I needed to make adjust- 
ments only to the driven element and director 1. 

Construction 
The Yagi's mechanical layout is the same as originally 

described in the July 1987 Ham Radio article. Elements are 
mounted on plastic bushings which insulate them from the 
boom sections they extend through. The element ends are 
chamfered like those of the earlier Yagis. Supports keep the 
boom from sagging unacceptably. I suggest you review my 
earlier article before attempting to build these Yagis. 

I compared driven element T matches constructed from 
the original Cushcraft parts used on the 24-element Yagi, 
with T matches using no. 12 T wires and a UT-141 balun 
like those of the 32-element Mark 2 Yagi. I obtained similar 
dry weather matches and match bandwidths with both 
driven element arrangements. Wet weather performance 
was slightly better with the no. 12 T wires. A slight adjust- 
ment to the balun length made it correspond to an electri- 
cal half wavelength. This improved the Yagi's pattern 
balance. 

Figure 2 details the driven element construction us~rig 
the original Cushcraft parts. Note that the balun must be 
shortened by 1 inch. As with the 24-element Yagi, I didn't 
use the original rectangular black spacers and I changed 
the jumper from the N connector to the T match bar to no. 
12 to get a proper match. For the best match don't place 
the T bars parallel to the driven element. 
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A A ~ ~ ~ r t e  miles ahead 
withLarsen If ~ick Woalsome, Con~m~mications Conslrltant 

Woodsome and Asociotes, Boiildec Colorado 

When the directors of the Coors International Bicycle Classic needed 
a sophisticated mobile communications system, they turned to commu- 
nications consultant Rick Woodsome. A s  a commun~cations specialist, 
Woodsome knows what it takes to make a communication system work. 

That's why he turned to  Larsen Antennas. 
"You don't pull off the largest s orts event in the Western Hemisphere 

without ood communication. An you don't have good communication 
without % t e right equipment. 

! 
"Larsen antennas were instrumental in making last summer's 

Coors Classic an overwhelming success. They were key to our entire 
communication network. 

"Without Larsen, it would have been uphill all the way." 
Rick Woodsome 

A 

The Amateur's Professional 
See .our lavor ~ tc  alnalcur dc.,tlcr or wr!tC 101 LI tree ~17lat~i11 catalog 

IN USA: Larsen Electron~cs. lnc . 11611 N E 50th Avenue. PO Box 1799 Vancouver. Wash~ngton 98t 
IN CANADA: CanadIan Larsen Electron~cs. Ltd . 149 West 6th Avenue. Vancouver, B C V5Y 1 K3 (60 

THE AMATEUR'S PROFESSIONAL. 
Larsen KulrodQnd Kiilduckie" antennas 

provide amateurs the same advanta es enjoyed by 

Y; I commercial two wa radio users. 0th combine 
too oerformance w~ t  the l o n ~  ranqe dependab~l~ty 
you'want. 

See 
your 
dealer 
for the 
com- 

&1,"hO, 
Larsen 
antennas 
and per- 
manent 
and 
tempo- I 
rary mounts. You can buy with confidence, 
because they're all backed b Larsen's No Y Nonsense Warranty for a ful six months. 

For a professional approach to amateur radio, 
tune in to Larsen. 



EFFECTIVE MARCH 1, 1989 

HAS JOINED THE 

HAM RADIO@UlZET 
NATIONWIDE TEAM 

This gives you even better response with low=low outlet prices 
& rapid deliveries coast to coast. 

SEE OUR TOLL FREE NUMBERS BELOW fi 3 
u .. Y $Y'> 

ANAHEIM. CA 92801 BURLINGAME. CA 94010 PHOENIX. AZ 85015 SAN DIEGO CA 92123 
999 Howard Ave 1702 W Camelback Rd 5375 Kenrny d~ l ln  Ra 
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THE ULTIMATE YOU CAN OPERATE SIX BANDS 
150 W, ALL BAND WITH ONE CONTROLLER1 

HF TRANSCEIVER 
2 MTR 25145W. 440 MHz 10 MTR. 6 MTR. 

220 MHz 8 1.2 GHz 10 MEMORIES 

A R E  YOU FEAC'"  FOR 

A Models 25W. 

NOW LOCATED 

ICOM IC-3210 
2Ml440 MHz 

2515 W A l l  EXTENDED RX RANGE 

999 Howard Ave 

Bob Fenaro W R J  ATLANTA GA 30340 OAKLAND. CA 94606 SALEM NH 03079 WOODBRIDGE. VA 22191 VAN NUYS. CA 91411 
Pres~dentlOwner 6071 ~ u ~ o r d  Hwy 2210 Llvln slon St 224 N doadway 14803 0u11d America Dnve 6265 Se ulveda Blvd 

Jlm Rattarty N6RJ EM) 263 Om !is) 534 b57 1 800-444 0047 1 800 444 4799 818) 98g 2212 
VP Natlonal rrY* W04AGW lch, Mgr WAWY8 Curtts Mgr WB4KZL John Mgr WB461Z 61 Mgr KWRA 

Doravtlle I rnt nonh of 1.285 IS 880 a1 23rd Ave Ramp 28 miles north 01 Boslon ex11 1 1-93 Ex11 54 195 South to US RT 1 San Dleqo Fwy at VCt0ry Bhd 
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,,,.., .: was right there to meet General S~~GIIIGUIIUI 
Ham requirements of 1500 watt: EIMAC 3CX1200A7 is a his 
PEP with its 3CX1200A7 tube compact, forced air coo11 
Leading manufacturers counl le  for zero-bias class A1 

8 proven 
ility. 

perform: 

er 

ante and amf 

22 3" dia. x 1 

ate dissi~ . . 

tron Device Group wori 
sales OF 

Varian El 
1678 S. P . 

ganizatic 
MAC 
ioneer Ro ... 

salt Lake C;ity, uta 
Telephone: 801 97 

PIt pation: 1m watt:. 

iall spac Glass cnlmney SK-436 

ugged : takes available 
varian& 

nto consideration and, by Standard EIMAC SK-410 eimac salt lake division 
aesign, is recommended as a 'Ocket availab1e 

single, lowcost alternative for a More information is available on 
pair of EIMAC 3-500 Z tubes for the new ElMAC3CX1200A7 tube 
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The second version of the driven element is shown in Fig- 
ure 3. It uses no. 12 T wires in place of the original 3116" 
diameter T bars. This allows for a greater natural imped- 
ance setup. I prefer this arrangement because the short- 
ing straps are farther out on the driven element, away from 
the high-current point. I tried baluns made from UT-141 solid 
copper shield coax and RG-303 (like the original 4248) with 
similar results. If you make the balun from RG-303 you'll 
need to use a set of dimensions different from those used 
with the first driven element arrangement. I thought it was 
desirable to eliminate the original solder lugs and solder 
the center conductor directly to the T match wires ~nstead. 

Performance 
The computed E and H plane patterns for the 32-element 

Mark 4 Yagi in Figure 4 show a very smooth lobe struc- 

ture. The first sidelobes are 1 dB stronger than those in the 
original version. This seemed an acceptable tradeoff for a 
smoother overall lobe structure and significantly lower rear 
and mid-H plane lobes, in combination with higher overall 
gain. Calculated gain on MlNlNEC is 17.9 dBd (20.1 dBi). 
Because of program Inaccuracies and resistive losses, the 
real gain of the Yagl IS closer to 17.8 dBd (19.9 dBi) - still 
an excellent figure for the boom length. DJ9BV examined 
the Yagi design using the more sophisticated NEC program. 
His results gave an excellent pattern correlation. The NEC- 
calculated gain figure of 17.8 dBd (19.9 dBi) also agrees 
closely with antenna measurements. 

On the antenna range, the new model consistently meas- 
ures about 0.2 dB higher than the earlier 24' long version. 
It also measures about 0.4 dB higher than my "high-gain" 
reference Yagi, the KLM 432-30 LBX. This places the real- 
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Construction detail of the 32-element Mark 4 driven element using no. 12 T wires. Further details for modifying the Cushcraft Balun 
for use with the no. 12 T wire match. 
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world gain of the new 32-element Mark 4 Yagi at about 17.8 
dBd (19.9 dBi). Earlier measurements with the Mark 2 Yagi 
were slightly optimistic; the real-world gain for this version 
was about 17.5 dBd. (This has also been confirmed by NEC 
analysis.) 

Array temperature is an important parameter on EME and 
for high-performance tropo stations. Array noise is the com- 
bination of noise received by the array (manmade or natu- 
ral) and the noise generated from resistive losses in the 

material used to make it. DJ9BV calculated that an array 
of four of the 32-element Mark 4 Yagis pointed at cold sky 
has a noise temperature of 25K. This figure is 5K lower than 
the original Yagi design - a significant number on EME. 
Array noise measurements, using earth to cold sky and stel- 
lar sources to cold sky, place the array temperature some- 
what higher than the calculations. Measured array temper- 
atures for four Yagis arranged 2 x 2 are about 30K for the 
new Mark 4 Yagi, and about 37K for the old version. 

To calculate the overall svstem tem~erature, vou have to 
ada the pnaslng I ne, relay, and balun losses, and the 
rece ve system nose temperature to the array nose. For 

I , a high-performance EME system w~th very low loss phas- 
I 1 ' : 3 7 : 3 3  

E PLRllE . . 
1U 

4 n 
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6 0 

-0 

LO 

4 I I 3n 

1 1 1 1 1  

1111 

: I ,  

I %I 

1 4 U  

15W 5 
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r r t d .  4 Z 4 6  Ell 4 

Calculated E and H plane patterns for the KlFO 32-element Mark 
4 Yagi. 

ing lines (like the Andrew HeliaxTM and a 25K preamplifier), 
this reduced array temperature would provide an additional 
0.5-dB signal-to-noise improvement on receive over the 
original 32-element Yagis, Including the additional gain of 
the improved design, you can expect to hear your own 
moon echoes almost 1 dB stronger - a significant improve- 
ment for no array size increase. 

Figure 5 is a network analyzer plot of the driven element 
match. When you compare this with Figure 1 (the same 
plot for the original 32-element Yagi) you can see that the 

I I 

Resonant frequency and VSWR bandwidth of the improved 32- 
element Mark 4 Yagi. 

SLOT ENDS 5 / 1 6 "  DIA ELEMENT # 1 9  HOLE EACH END 
4  PLACES 1 3 / 4 "  DEEP 

0 0 0 

9 3 / 4 "  

3 0  1/4"--  

I_-- 70 3 / 4 "  4 
MATERIAL: 1  1 / 4 " 0 0  X 0 . 0 5 8  WALL 6 0 6 1 - 7 6  

Element mounting dlmenslons for the center section of the boom for the 36-element extended modified 4248 Mark 4 Yagi. 
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match bandwidth is much broader. On the 32-element Mark 
4 Yagi, the SWR is now less than 1.2:1 for almost 2.5 MHz. 
 hisi is 2-112 times wider than the original. The SWR is less 
than 2:1 over 16 MHz, or more than 3 times greater than 
the earlier version. 

With the revised dimensions, the 32-element Yagi 
behaves well when wet. The VSWR curve shifts down in fre- 
quency approximately 2 MHz under simulated heavy rain 
conditions. This raises the SWR to a still acceptable 1.35:1 
when the antenna is very wet. This is a significant improve- 
ment over the 32-element Mark 2 Yagi, which would show 
about a 2.2:1 VSWR in heavy rain. 

Proper stacking distances for the 32-element Mark 4 Yagi 
are 82 inches in the E plane and 78 inches in the H. At 
these distances, the stacking gain (before phasing line 
losses and mechanical errors are factored in) is over 2.9 
dB in each plane. A 4-Yagi EME array using low-loss phas- 
ing lines would have 23.3 dBd (25.5 dBi) array gain. This 
is more than adequate to work a number of different 432- 
MHz EME stations. An 8-bay 32-element Yagi array has 
enough gain to give you a standout EME signal. 

A longer 36-element version 
NC11 did his portable EME operations in the summer, 

usually the worst time of year for EME. Although the origi- 
nal 4 x 32 element Yagi array performed well, I wanted 
a little extra performance without having to add more Yagis. 
I chose the 27-112' length because it was the minimum size 
increase which would make a significant performance 
improvement. (See Table 2 for element length and spac- 
ing details.) 

Electrically, the design is virtually identical to the 32- 
element Mark 4 Yagi. Mechanically, the changes are a lit- 
tle more detailed. I built a 6' long 1-114" diameter center 
boom section from scratch for the long Yagi. I reinforced 
this new center section with a 1-318" outer diameter, 0.058" 
wall thickness, 24" long piece of 6061-T6 aluminum tubing. 
The 1-318" diameter tube is centered at the mast mount- 
ing point. This arrangement gives you a very rugged 
(though slightly heavy) boom section. 

Dimensions KlFO 36-element Yagi 27'4-118" boom 

Element Element 
Spacing Length 
(inches) (mm) 

1.000 347 
5.250 327 
7.875 322 

1 7.563 313 
16.81 3 308 
23.563 304 
31.875 300 
42.125 296 
52.375 293 
62.625 291 
72.875 289 
83.125 287 
93.375 285 

103.625 284 
113 875 283 

Boom 
Diameter 

1  " 

1 1  1 / 8 "  

Element 

REF 
DE 
D 1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
d10 
D l  1 
d12 
d13 
d14 
D l  5 
d16 
D l  7 
D l  8 
D l  9 
020 
D2 1 
D22 
D23 
D24 
D25 
D26 
D27 
D28 
D29 
030 
0 3  1 
032 
D33 
D34 

SLOT THIS END ONLY 5 / 1 6 "  DlA ELEMENT HOLES X 1 9  HOLE 

4  PLACES 1  3 /4"  DEEP ( 6  P L A C E S )  LOCATE 
FROM CENTER 

# 1 9  HOLE ( 1  PLACE) BOOM SECTION 

+ 6  3 / 8 "  

I 16 5 / 8 "  

I 2 6  7 / 8 " -  - 3 7  1 / 8 "  

0 47  3 / 8 "  

USE ADDITIONAL CUSHCRAFT 4 2 4 8  ORIGINAL C E N T E R  BOOM ( C U S H C R A F T  4 2 4 8  P / N  B A )  
SHORTEN PER ABOVE OR M A K E  NEW P I E C E  FROM 1  1 / S Y  0 . 0 .  X 0 . 0 5 8  WALL 6 0 6 1  - T 6  

APPROX 2 15/16" 

Detail for the new no. 2 rear boom section for the 36-element extended Mark 4 Yagi. 
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X I 9  HOLE 1 2  P L A C E S )  

0 

I I I I 

the mast bracket U bolts. A few degrees of bend 6 the 
boom may not be noticeable on a short Yagi, but when you 
translate this bend to a 27-112' long boom it becomes a sig- 
nificant curvature. 

The new center boom section is detailed in Figure 6. Fi - 
ure 7 describes boom section no. 2 (between the rear a d 
the middle section). You can make this second boom sep- 
tion from a spare 424B original center section, or frotn 
scratch. Just follow the drawing and use 1-118" diameter : 
x 0.058" wall aluminum tube. The center boom reinfok- 
ing piece is shown in Figure 8. 

I made new pieces for the boom supports so I could 
extend them. I positioned the mast mounting point for the 
boom supports 30" from the boom. This creates a lar$e 
enough angle and prevents overstressing the supports. Like 

M A T E R I A L :  7 / 8 " 0 .  . X 0 . 0 5 8  WALL 6 0 6 1 - T 6  
FOR USE WITH Z Z O ~ B O O M  SUPPORT PIECES ! 

# 1 9  HOLE 1 2  PLCS)  I r 5 / 1 6 .  HOLE ( 2  PLCS)  

Fl7 l / : 2 j  j 1 
2 4  - 

MATERIAL. 13 /8 .00 .  x 0.058 WALL 6 0 6 1 - ~ 6  

4 4  1 / 4 "  

Detail for the boom support pieces on the 36-element extended Mark 4 Yagi. 

the earlier I used Old-st~le Cushcraft 220B bent sup- Detail for reinforcing the center boom section of the 36-element 
port pieces with longer homemade center sections. Fi$- extended Mark Yagi. 

ure 9 shows these new boom support spllce pleces. Cutsh- 
craft has since changed the des~gn of thelr boom suppotts. 
If you don't want to make your own supports from scratch, 
Cushcraft 4218-XL boom supports will do the job. 

Electrical changes 
You'll notice that the element lengths start out 1 mm 

shorter than on the 32-element Mark 4 Yagi. I changed the 
length to keep the gain center frequency in the right place. 
Remember that the Yagi's center frequency oscillates up 
and down as you add directors. Tapered designs like this 
one minimize the effect, but the trait still exists. 

Stacking the 36-element Yagi 
At a 12-wavelength boom length' a good Yagi will have 

a nearly symmetrical pattern. You can see from the calcu- 
lated pattern in Figure 11 how the H plane is starting to show 
nulls at 90 degrees in the pattern, similar to the E plane. 
The -3 dB beamwidth is still slightly wider in the H plane, 
even at this long boom length. This indicates that optimum 
spacings will be close but not quite equal in both planes. 

The optimum spacings for the 36-element Yagi are 87" 
in the E plane and 85" in the H plane. At these spacings 
the theoretical stacking gain in each plane is 2.9 dB. 

The driven element was easy to set up for both a good 
SWR at 432 MHz and a min~mum centered above 432 MHz. Performance of the 36-element Yagi 
Th~s is the best wav to ensure aood wet weather ~ e r f ~ r -  The calculated pattern for the 36-element Yagi (Figure 
mance. The match bandwidth o i  the 36-eleAentmbdel is 11) is quite similar to the 32-element Mark 4 Yagi. The side- 
actually better than on the 32. The driven element makh lobe structure is almost identical. The main lobe E and H 
on the 36-element Yagi also was relatively insensitive to dhe plane beamwidths are about 1 degree narrower than the 
balun length - another good sign. The driven element for 32-element Yagi at 18 x 18.5 degrees. 
the 36-element Yagi is outlined in Figure 10. Measured gain of the 36-element Yagi is approximately 
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4 2 4 8  
l N G  STRAPS 
UG 

C H A M F E R  A L L  - A L L  E L E M E N T S  

E L E M E N T  ENDS l m m  3 / 1 6 "  D lA  MOUNTED -# 12  ' T '  WIRES 
THROUGH BOOM ON STRAIGHT PORTION 
INSULATED SHOULDER 1 2 2 m m  LONG 
WASHERS 

N  CONNECTOR BRACKET 
AS MADE BY K 3 l P W  
P R E F E R R E D  

B A L U N  M A T E R I A L  U T -  1 4 1  OR R G - 3 0 3  

S O L D E R  L U G S  P 

5 r n m  9 m m  5 m m  D l E L  E C T R I C  

I 2 3 3 m r n  S H I E L D  I 
Detail of the driven element of the 36-element Yagi using the no. 12 T wire match. Total boom length is 27' 4-118". 

0.6 dB higher than the 32-element Mark 4 Yagi at 18.3 dBd 
or 20.5 dBi. Array temperature is even better than the 
shorter Yagis at a calculated 24K. Measurements indicate 
an array temperature under 30K. 

Of course, on-the-air performance is what counts. 
WASFWD reported a significant improvement when he 
upgraded from four of the 32-element Mark 2 Yagis to four 
of the 36-element model. 

NC11 and I recently rebuilt our portable EME array to use 
four of the new 36-element models. The old array was 4 
x 32 element Mark 2 Yagi. The new array seems to follow 
the predicted improvements. Measured sun noise is up 1.5 
dB from the best we measured with the old array. The new 
array uses the same phasing lines, power divider, and 
preamp as the old one. The sun noise improvement is in 
the expected range. Gain of the 36-element Yagi is 0.8 dB 
higher than the 32-element Mark 2. Signal-to-noise improve- 
ment due to noise pickup and resistive losses is calculated 
to be over 0.5 dB. The sum, 1.3 dB, is close to the meas- 
ured 1.5-dB improvement. 

We first tested the new array at WlNY during the Janu- 
ary VHF contest. We made a total of 15 EME QSOs in only 
5 hours of EME operation, all with a bad antenna relay! After 
the contest we fixed the relay and activated the array the 
following weekend. We had 16 hours of EME operation 
spaced over the two weekends. We made 34 EME QSOs 
with 26 different stations, all on random. Echoes were 
noticeably better with the new array. 

Conclusion 
A top performing 432-MHz Yagi must have a proper bal- 

ance of several desirable characteristics: 
Calculated E and H plane patterns for the KlFO 36-element Mark 
4 Yagi. 
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America's Communications Leader 
Presents I ts  All-New 10-Meter 

SSBICW Mobile Transceiver 
Realistic, America's premier 

brand of scanners, CB radios and 
satellite TV systems, introduces the 
HTX-100. It's the perfect first rig for 
a beginning Ham and a superb 10- 
meter mobile radio for any amateur. 
Compact, yet loaded with "big rig" 
features you want. 
Pushbutton Memory mning 

An easy-to-program memory 
stores 10 favorite frequencies and 

Ultracornpact and ~ncludes everything you 
need for underdash installation 

mike-mounted pushbuttons permit 
safe and easy upldown frequency 
selection while you drive. A front- 
panel lock control prevents acciden- 
tal frequency changes. You can 
fine-tune reception with the k1.5 
kHz RIT control. Coverage is 28.0 
to 29.6999 MHz, US6 or CW. Con- 
venient semi break-in keying and 
CW sidetone are built in. 

Selectable Power Output 
You can select 25-watt or 5-watt 

QRP power output from the front 
panel. The HTX-100 has a backlit 
LCD frequency display with mode 
and tuning-step indicators. You also 
get a 5-step LED signalIRF power 
meter, noise blanker, hefty 3-watt 
audio output, high-quality built-in 

speaker, front-panel headphone 
jack and a rear-panel jack for add- 
ing an external speaker. 

Join the Action on "70" 
With improving band conditions 

and new Novice voice and digital 
privileges, the 10-meter fun is just 
beginning. Be a part of it with this 
affordable, top-quality transceiver! 
#19-1101. Only $259.95 

Exclusively at 

The Technology Storem 
A DIVISION OF TANDI i ('IIPORATION 

Pr~ce appltes a! partlctpatlng Rad~o Shack stores and dealers 
YOU must have a valtd arnaleur fadlo l~cense to lepally lransmll 
Wllh thls transceiver 
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High forward gain for the boom length. 
Excellent sidelobe structure. 
Good gain bandwidth. 
Good driven element SWR bandwidth. 
Low resistive losses. 

Once you've defined these electrical traits, you must con- 
truct your Yagi so that ~t will not only work in the real world, 
but stay up and retain that performance for many years. 
The K1FO 32 and 36-element Yagis have an excellent bal- 
ance of these design goals, especially when you consider 
that they can be made easily from an existing commercial 
Yagi and its spare parts. 

The 4-element (41" long) Yagi extension appears to be 
worth the effort. During initial operation with the 36-element 
Yagi arrays, it seemed we finally had an array that was bet- 
ter than a 4-Yagi array was supposed to be. As any given 
Yagi design is extended, its driven element impedance and 
rear lobe structure oscillate up and down. At a length of 
27-112: the pattern and driven element are in optimal com- 
btnatlon. If you plan to build a long 432-MHz Yagi from 
scratch. I suggest that you take a serious look at the 36- 
element model. 

The results of the computer analysis suggest that the 
design could be extended still further with good results. But 
keep in mind that the boom would have to be extended 
by more than the same percent of boom change when 
going from 32 to 36 elements for another 0.5-dB gain. You'd 
need to add at least five more elements, possibly six, to 
see an equivalent improvement. This would make the boom 
almost 32 feet long. Since the 36-element Yagi weighs over 
12 pounds and has a wind area of over 3 square feet, an 
even longer Yagi may quickly become unmanageable. A 
very long object also develops quite a momentum when 
it's moved. This added inertia requires a large increase in 
the mechanical strength of the array's stacking frame. 
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MARCH WINNERS 
Congratulat~ons to George Gorsllne VEBFIU, our March sweeps win. 

ner and Rlck Llttlef~eld KlBQT author of March's mosl popular 
WEEKENDER - "Solo-16 Acoustlc CW Speaker" Both will recelve a copy 
of The Rad~o Handbook by Bill Orr W6SAI 

Our WEEKENDER sweepslakes ends wlfh the Aprll Issue You sttll have 
a chance to send your Aprll evalual~on cards and win The wlnners of 
the Aprll sweeps w~ll be announced In the June Issue of Ham Rad~o 

Thanks to all of you who sent In your cards Your comments have been 
invaluable to us! 

Terry Northup, KAlSTC 
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With our all in one box TC70-1 70cm ATV Trans- 
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color and sound video just like broadcast N. Use 
any home TV camera or VCR by plugging the com- 
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and TV set and you are on the air ... it's that easy! 
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downconverter tunes whole 420-450 MHz band down to 
ch3. Shielded cabinet only 7~7~2.5".  Transmitters sold 
only to licensed amateurs,for legal purposes, verified inthe 
latest Callbook or with copy of license sent with order. 
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(81 8) 447-4565 m-t aam-5:30pm pst. Visa, MC, COD 

P.C. ELECTRONICS Tom (W60RG) 
2522 Person Ln Arcadis CA 91006 M~~~~~~ (WB6ySS) 
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r v L  OUR PRODUCTS MADE IN USA 

BARKER & WILLIAMSOlu 
guality Communication Prcducts Stnce 1932 
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10 Canal Street, Bristol PA 19007 
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WITH NO BANDSWITCH 
By Jack Najork, WSFG, 723 Flamingo, Duncanville, 
Texas 75 116 

I f you buy a new SSB rig today, chances are it includes a 
"general coverage" receiver that tunes from 100 kHz to 
30 MHz. This range includes all the international short- 

wave bands and many other radio services - lots of interest- 
ing listening! 

Those of us with older rigs don't have this feature. If we want 
to eavesdrop on these frequencies we can trade in our rigs, 
invest several hundred dollars (or more) in a general cover- 
age receiver, or dig intothejunkbox and createsome form of 
compromise. My junkbox is much larger than my bank 
account (thanksto Dallas' famous monthlyelectronicsidewalk 
sale), so I chose the compromise approach and built a 
converter. 

My convertercovers4 to 18 MHzin two bands: 4 to 11 MHz 
and 11 to 18 MHz. This span includes most of the popular 
short-wave bands as shown in Table 1. To use this converter 
your SSB receiver needsonlyto tune to3.5 MHz, and beable 
to receive in the AM mode (since most broadcasters still use 
this form of modulation). 

How it works 
If you look at Figure 1, you'll see that the unit consists of RF 

amplifier Q1, local oscillatorQ2, and mixer Q3. The two bands 
are covered without a bandswitch bv usina an IF of 3.5 MHz. 

(comparatively speaking). Each band covers 7 MHz, so the 
kilohertzzip by at an astounding rate as you tune. Tune very 
slowly and use your SSB receiver for fine tuning. On the plus 
side, the converter'ssensitivity isexcellent - 10 feet of antenna 
will tune in the world! And ...y ou've saved lots of money. 
Despite its limitations, theconverter fits the bill for casual short- 
wave listening. 

Circuit details 
RFamplifier input C1-L1 comprisesa high-Q, lightly loaded, 

tuned circuit. This is essential for good band separation. A 
tapped toroid coil, along with light coupling to Q1 and loose 
antennacoupling, help keep theQ high. (If you don't have a 
suitable toroid, I've included specs for a solenoid-type sub- 
stitute.) Space it at least 1 inch from metal surfaces on all sides 
to maintain high Q. C1 is a junkbox broadcast variable, with 
sections in parallel for a capacity range of 15 to 500 pF. This 
tunes the 4 to 18 MHz span without bandswitching. 

Most SSB receivers have excellent sensitivity at 3.5 MHz, 
so the converter doesn't need high gain. Including an RF 
stage lets you use a small, indoor antenna (unless you live in 
a shielded building). This, in turn, aidsfront end selectivity and 
avoids possible overload. RFCl in the drain of Q1 peaks up 
~ a i n  at the h i ~ h e r  frequencies. 

By select ng the appropr ate osc laior frequency range, yob 
- - 

can tune thls range above or be ow theaes rea ncom ng slg- I : 
nal. A b t of math sall vou need to unaerstand th~s aDDr0ach I i 

The oscillator rang'e is 7.5 to 14.5 MHz. lncomin'g'signals 
from 4 to 11 MHz are mixed with the oscillator to produce the 
3.5 MHz IF. Signals from 11 to 18 MHz mixed with the oscilla- 
tor will also produce an IF of 3.5 MHz. All that remalns IS to 
make sure you can separate the two incoming signals. 
Because at any one oscillator frequency the two incoming sig- 
nals are 7 MHz apart, this isn't a great problem. 

How doesthisconverter compare with a new general cover- 
age receiver? First of all, it doesn't have the same extensive 
frequency coverage. Secondly, the tuning rate is coarser 

International short-wave broadcast bands. 

5.95 - 6.2 MHz - 49 meters 
7.10 - 7.5 MHz - 41 meters 
9.50 - 9.98 MHz - 31 meters 

11.70 - 12.08 MHz - 25 meters 
15.10 - 15.45 MHz - 19 meters 
17.70 - 17.90 MHz - 16 meters 
21.45 - 21.95 MHz - 21 meters 
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100 
TUNE 

Schematic diagram. 

lator section (85 pF) with one FM section (20 pG gave me the 
capacityspread I wanted. You can use highercapacities(1ike 
125 or 150 pF) here, but you'll have to juggle the valuesof C4 
and L2 to achieve the desired tuning range of 7.5 to 14.5 MHz. 

Mixer Q3 is also conventional. R7, the 4.7-k resistor across 
the IF output coil, lowers the drain impedance to decrease 
possible overload. It also lowers the output c~rcuit Q, so you 
can use your SSB recelvertofine tunesignals50 kHzor more 
on either side of 3.5 MHz. 

Tune-up 
Start by getting the oscillator to tune from 7.5 to 14.5 MHz. 

It helps to use a grid-dip meter. Next, check the C l -L l  com- 
bination for coverage with a grid dipper before wiring it into 
thecircuit. If your C1 minimum capacity ~stoolarge, you won't 
get complete4 to 18-MHzcoverage. Some math helps here. 
First, determine the ratio of frequency coverage: 18 - 4 = 

4.511. The capacity ratlo needed to cover this range is equal 
to the frequency ratio squared. Consequently, your capac- 
ity ratio should be 4.52 or 20.25:l. To determine the required 
minimum capacity, divide the 500-pF capacitor by 20.25; 
you'll get 24.7 pF. Because a little overlap is good, try to reduce 
this minimum further-- sayto 15 pF. This isaboutthe best you 
can do with such a large capacitor. Marly BC tuning capacl- 
tors have built-in mica trimmers. Remove these, or you may 
never reach the m~nimum. Your connecting leads to C1-L1 
should be short and dressed awayfrom thechassisto prevent 

I 
PARTS LIST 

I C1 15-500 pF variable. 
C2 22pE 
C3 100 pF variable. 
C4 50 pF variable. 
L1 26 turns no. 24 enameled on T50-2 toroid or 10 turns no. 20 

enameled spaced 3/4" on 1-1/4" form. (35-mm film con- 
tainer.) L = approximately 3.2 p H .  Link: 2 turns. 
Ll center tapped. 

L2 22  turns no. 24 enameled on 3/8" slug-tuned form, tap 6 
turns from ground. L = 3@H. 

L3 40 turns no. 32 enameled on 1/4" slug-tuned form. L = 15 
p H .  Link: 5 turns. 

0 1  Dual-gate FET, 40673 or similar. 
Q2,Q3 JFET, MPF 102 or similar. 
RFCl 50 turns scramble wound on 1/4-watt, 10-k resistor. No. 32 

enameled. 
RFCZ 1 mHRFC. 

additional stray capacitance. (Connecting Q1 addsafew pF.) 
Attach C2 as close as you can to the tap on L1 

With everything w~red and the smoke test passed, you 
should hear a definite noise peak on your 3.5-MHz receiver 
when you tune the IF output toll of the converter w~th the 
power on. With a short antenna on the converter, tuning C1 
slowly should produce two noise peaks. If you get whistles and 
birdles when tuning C1, the RF stage is oscillating. Make sure 
the CI -L I  combination and w~ring are well isolated from the 
drain clrcuit of Q1. If Q1 is unusually "hot," reducing the value 
of R2 to 22 k or 15 k will generally tame the oscillations. 
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UNADILLA ANTENNA 
(508) MANUFASTURING PO BOX 4215 B - ~ n d o v e r . ~ ~ - 0 1 8 1 0  CO. (,,,, 

474-8949 475-7831 

24 HOUI FAX THE B I GNSIGNAL 9-5 EST h4-F 
mateur Antenna Kit 

I I 
40180 Meter Antenna Kit For 

'Perfect Dipole' SWR 
A complete kit includes: 

W2AU 1:l Balun 
W2VS KW40 Traps (pair) 
End-sulatorsN (pair) 
d 14-7 Copper Wire (125') -, 
~ n s t a l l a t k  & Pruning Instructions -J,- 

Get "perfect dipole" (low SWR) operation on both bands, 
plus "second resonance" operation on 10, 15 and 20 
meters. Complete instructions results in a quick, 
accurate installation and pruning to low operating SWR. 
Every component in the 40180 meter kit is an old line, 
reliable UNADILLA product, time tested with hams for 
over 20 years. 

c t  

To order direct call (508)475-7831 
or write for our informational brochure 

on our other fine products 
8.luw.Mnru KI(..RIUn.C.n*r I ~ ~ t o n . E N D . u l a t o n m ~ C ~ x i ~ l  klv 

All product. c o r n  with a 30 Day Wamnly 

-NOTICE- 
We are the W manufacturers of the original I 

J A M E S  MILLENTM Products 
(508) 975-271 1 9am-5pm EST M-F 

Because of the large frequency spread of each band, you'll 
find a good-quality slow-tuning vernier dial is essential for 
oscillator tuning. It's best to do your dial calibration with a sig- 
nal generator. You need to calibrate only one band; the sec- 
ond is automatically 7 MHz different from the first. 

You should also doa rough calibration of C1 so you'll know 
which band you're tuning. Tocheck the quality (selectivity) of 
your C1-L1 combination, tune to the 7 to 14-MHz calibration 
mark. Tuning C1 slowly from minimum capacity should first 
bring in 20-meter CW; asC1 is increased, 20 should drop out 
and40-meter CW should appear. TheC1 tuning peak should 
be very sharp and you can judge it best by watching your 
receiver's S-meter. 

As I mentioned earlier, you should use a short antenna to 
minimize the possibility of overload~ng and decreased front 
end selectivity. a 
All parts can be obtained from Radiokit, Box 973, Pelham, NH 
03076. Ed. 

GM PARABOLIC OlSHiFEEDlDOWN CONVERTER to 2 Meters I 
9mh RCP. LCP. or Llnear Polarlzatlon 

I B 
LNA- NF. 1 5dB. G ~22dB 

1 Preselector F~lter - 
Machlned 4-Pole Combl~ne 

1 M~crostr~p Mixer on hlgh dreleclrlc 
alumlna 
Local Osc~llator - Heater 
Stab~llzed. - 2ppm lor CW'SSB 

t Down Converter mounted In feed 
assemblv for optmum 

F r e q u e ~ ~ ~ ~ ~ a v a i l a b l e :  1.2961.691 GOES WX- 2.304-2.40 OSCAR Mode-S - 3 456GHz 

FeedlDown Converter Assembt~es are Interchangeable In common feed mount 

1 2 Meter or 1 5 Meter Spun Alum~num Dlsh has mtg hardware lor 1 5 mast 
Feed Antenna has + 5dBlC Galn, selectable polar~zatlon 

P R O D U C T  P R I C E  L I S T  

. . . . . . . . . . .  RCPILCP Feed Assembly.Type N connectors. Model WCFA-(freq) $1 85.00 
. . . . . . . . .  Llnear Polar~zed Feed Assembly.Type N Conn. Model WLFA-(freq) 135.00 

(Spenly Ircquency: 1.296. 1.691. 2.304, 2.400. 3 456GHz) 
. . . . . . . . . .  1.2 Meter Spun Alumlnum D~sh with mtg. hardware WUDA-1.2M 295.00 
. . . . . . . . . . .  1.5 Meter Spun Alumlnum Dish wlth mlg. hardware WUDA-1.5M 395.00 

LNA- 2 stage GaAsFET. NF.: 1.568. G -2260, SMA Conn.WLNA-(lreq) . . 265.00 
/S~ecifvlreauencv: 1.2, 1.69. 2.35. 3.456GHI) . .  , . . 

Preselector Bandpass Filter. Machlned *-Pole Combl~ne. SMA conn. 
(Specrfy frequency: 1.296. 1.691.2.3. 2.4. 3 456GHI) 

Model WMCF-(freal 85.00 

. . . . . . . . . . . .  MicrostripMlxer-Thick Film, Machined Hous~ng WHMM-(lreq) 45.00 

. . . . . . . . . . . .  Local Oscillator- Heater Stab~Iized.Thlck FII~.WHLO-(freq) 325.00 
(Specify frequency. 1.151, 1.5535.2.159.2.255.3.31 1, orany spot FoI 

. . . . . . . . . .  Complete Feed,Down Converter to 2 Meters Model WFDC-(lreq) 675.00 
(Specrfy frequency: feed type) (Other IF3 avarl . GOES- 137.5MH.d 

Complete Dlsh,FeedJDown Converter Assembly 
. . . . . . . . . . . . . . . . . . . . . . . . .  1.2 Meter Dlsh. Model WDDC.1.2-(lreq) 955.00 
. . . . . . . . . . . . . . . . . . . . . . .  1.5 Meter Dlsh. Model WDDC-1.5-(lreq) 1055.00 

All Products Shipped UPS except Parabolic Dlsh shipped byTruck- Freight Collecl 

- 1989 EDITIONS 
1989 RADIO AMATEUR CALLBOOKS 

RADIO AMATEUR CALLBOOKS 
1989 NORTH AMERICAN CALLBOOK 
Fully updated and edlled to ~nclude all the latest FCC and forelgn government callsigns and 
addresses tor Hams In Norm Amer~ca, Includes plenty of handy operahng alds such as tlme 
charts. OSL bureau addresses. census mlormahon and much more. Calls from Northern Canada 

' 
' -anama. Now IS fl 

stment. 19Rt 
3 

. - ~~ 

be time to buy a 
!. 1672 pages. 

new Callbook wt len you'll gel the 

Solbs 

most use out 

~und 525.95 

to rroplcal P 
of your lnve 
1 ICE-USE! 

911 sorb of award 
~rd  can be Issued 
rd other cwntrle! 
getbng OSLs H 

PrrlONAL El 
U ~ L  s a r ~  a very ~mportant part of our hobby I s, lncluong me cwerted DXCC. 
requlre conflrmat~on of contact before the awz Of spec~al ~nlerest, addresses 
arr being added dall lor Hams ln the USSR ar ; Wh~le ~n no means complete. 
11 s a start dnd will i e  ol tremendous help ln andy uperatlnq aids lound out 
thls super book valw 19R8 1672 pages 
I IIIR.FRP ~211.95 

BUY 'EM BOTH SPECIAL 
Reg. $54.90 Only $49.95 SAVE $4.95 

THE 19E - . .  
I9 ARRL HANDBOOK FOR THE RADIO AMI 

nevlsea an0 updated vnlh the latesl In Amateur technology, now 15 the tlme IU unuw yvu~ 
very own copy of the world famous ARRL HANDBOOK In addltlon to being the defin~l~ve reter- 
ence volume for your Ham Shack. there are plenty 01 prolects for every Interest In Amateur 
Rad~o - lrom antennas far every appllcat~on lo the later1 state.of the-art prolecls - you II 
find 11 all In the 1989 HANDBOOK Over 11W pages 1988 

1 Hardbound $20.95 i JAR-HEE! 

ANTENN 
Kraus's clas: 
slate-of-the-; 
u.nrLaA argn 

IAS by John Klaus, W81K 
11c antenna book has been exten! d updated to refkct the latest . Irt In antenna design and theory. ..,s.u .,.-, .Jo ~tbstralions and nearly 600 ,,..,, ,.... i~ les  and problem solut~ons. Chapters cover baslc concepts. point sources and 

sively revised an 
Inr l , ,Arc  n,,.. 1 r 

point Sources and potnt sowe arrays, d poles, h?l~xes, broadband and lrepuency Independent I antenna3 swc~al aool~cal~ons an0 Ions more of ~ntorrnatfoll Also ~nc udes 5 apendlcer refer. 
ence tables, computer programs. books and vldeo tapes, answ 
suppleme~it Colleqe level text lor the Amateur 2nd ed111on. 
MH-35422 

Please enclose $3.75 shipping and hr  

H RADIO'S B6C 
ille, NH 03048 

ers to problems and a problem 
917 pagr'i , 1988 

Hardbound $59.95 



I Manufacturers of Quality Communications Equipment 

Hi PRO 
I VHF-UHF REPEATERS 

SUPERIOR RECEIVER AND TRANSMITTER SPECIFICALLY DESIGNED FOR REPEATER SERVICE. 

ADJUSTABLE TRANSMITTER POWER. FROM 1 TO 25 WATTS MINIMUM OUTPUT WlTH EXTREMELY COOL OPERATION.- 
AUTOMATIC BATTERY BACK UP SYSTEM CAPABILITY WlTH BATTERY CHARGING AND REVERSE POLARITY PROTECTION.- 
NOW WlTH A FULL COMPLIMENT OF INDICATORS AND STATUS LIGHTS.-100"/o DUTY CYCLE-ADVANCED REPEATER SQUELCH 
NO CHOPPING, POPPING, OR ANNOYING REPEATER KEY UPS DURING LIGHTNING STORMS.-DIE CAST ALUMINUM R.F. 
ENCLOSURES -SMALL SIZE 5'/4 x 19 x 13 "-HIGH QUALITY LONG LIFE DESIGN. 

SEE Y O U  
A T  DAYTON! 

AMATEUR DISCOUNTS AVAILABLE 

I 
BOOTH . - a -  - . . ,- -. 
#403 

is 
=, -1, - 

- !.-- \ 1 r-- 
- -  Q, . . . . .  I 

ASK ABOUT OUR COMPUTER CONTROL 
SYSTEM, AND MICROCONTROL AUTO 

1 PATCH, AND REPEATER KITS. 

Hi Pro Receivers 
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THE FOLD WIRE 
FED 
TOP-LOADED GROUNDED 

By Walter J. Schulz, JL, K30QF; 15225 Wayside 
Road, Philadelphia, Pennsylvania 19116 

I t's common practice to use the folded wire tapped to 
a grounded tower to feed the tower as a vertical radia- 
tor with top-loaded Yagi or quad antennas. You can use 

these installations as top-loaded verticals on 40, 75, and 
160 meters. John True, W40Q, did an empirical study of 
this type of system and wrote about the results in Ham Radio 
Magazine.l.2 After reading his study, I decided that I 
needed to be able to design the system on paper - 
independent of sets of interpolative electrical measure- 
ments. I had to answer a number of questions to achieve 
my design goals; there were two that concerned me most. 
What's the actual grounded tower electrical height with Yagi 
or quad antennas, and what's the impedance to be 
expected at a tap point on the toweP To resolve these ques- 
tions, I looked at the physical aspects in a different way. I 
assumed that the whole antenna system was a transmis- 
sion line UHF tank circuit (Figure 1). 

It's well known that the quarter-wave transmission line will 
act as an impedance transformer and match two different 
impedances. This phenomenon is an advantage at ultra- 
high frequencies where lump-constant components of 
capacitance and inductance are too large to be used in 
a tank circuit. A quarter-wave transmission line can be used 
as a tank circuit3 it will display a very high quality factor 
(Q). Keep the transmission line length at a quarter wave and 
place a tap along the length for matching impedances if 
you wish. This tap will transform impedances between the 
tap point and an active device like a tube or transistor. 

Sometimes it's desirable to have a shorter length of trans- 
mission line. You can reduce the length of the line by using 
a loading capacitance at its open end. The transmission 
line IS shorted at one end and capacitively loaded at the 
other. The tap point along the transmission line will always 
be a pure resistance with no reactive component, as long 
as the line is equivalent to a quarter wave which is parallel 
resonant. 

The transmission line tank circuit can be compared with 
a tower capacitively loaded by a Yagi or quad antenna. The 
impedance is transformed by placement of a tap along the 
tower. It's difficult to figure out where to place the tap on 

the tower or transmission line, as every Amateur location 
is unique. You can make a fairly accurate first approxima- 
tion; this will place the tap near the optimum position on 
the tower for an impedance match. Once you've made your 
calculation, a little experimentation will show exactly where 
the tap should go. 

Here's an example. A Rohn Model 25 tower has 90- 
degree electrical height on 3.8 MHz. This serves as a refer- 
ence parameter for further calculations. Use the algorithim 
that follows to determine the tap point on the tower that gives 
you a 52-ohm match. 

Establish the feedpoint impedance for the height and 
diameter of the tower using Schelkunoff's equation.4 In this 
instance his equations derive shape factor as Z, = 316, 
and a complex feedpoint impedance as R, = 37.7 ohms 
+ j21.8 ohms. Next, find the quality factor: 

Treating the tower as a transmision line, find the loop resis- 
tance: 

X = 78.95 meters 

Find R1 (loop resistance) value on the tower: 

Find the ratio of Rt to R1 
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Illustration of a shunt fed tower and its electrical equivalent. 

Note: Rt is the tap point impedance. In this case it's 52 
ohms. 

9 tap point on tower 
19 tap poirzt = arc sir1 (a sitz2OG,)IR 
9 tap point = arc sin [0.2234sin2(90)]1/2 
9 tap point = arc sin 0.4727 
9 tap point = 28.2" (6) 

Convert tap point height from degrees to feet above 
ground: 

If you want to find other tap points above the tower's base 
and along its length, you need to know the total electrical 
height of the whole antenna system. Determ~ne the tap po~nt 
position on the tower length by using proportions to get the 
f~rst approximation. The first approximation gives you a start- 
ing point from which to calculate tap placement on the 
tower. You may find you have to move the tap up or down. 
This adjustment, which increases or decreases resistance 
transformation at the tap po~nt, is necessary for a match 
to the transmission line. 

Electrical antenna height or line length 
I'm sure you've seen how electrical antenna height differs 

from actual phys~cal antenna he~ght. Literature on the sub- 
ject shows how th~s phenomenon has been put to use 
changing antenna current distribution and raising the radi- 
ation resistance. You might find it helpful to ask the follow- 

ing quest~ons about an antenna structure already support- 
ing a Yagi or quad antenna, especially if you want to fold 
wire feed a grounded tower as a vertical radiator. 

What is the total antenna electrical height? 
What is the equivalent electrical height represented by 
top loading? 
What is the proper tower tap point for shunt feed~ng? 

Consider a Rohn Model 25 tower 55 feet high. This tower 
supports a TH6DXX triband Yagi which, for our purposes, 
can be compared to a flat-top antenna with parallel wires. 
Assume the elements are parallel wires forming a flat top, 
but each is of a different length. You must average all ele- 
ment lengths (six in the example) to get a uniform length 
for use in a capacity equation by Grover.5 You must also 
average each element's different spacing along the boom. 
After averaging these boom lengths and spacings, you're 
ready to use these values to find the flat-top capacitance 
load~ng. 

The average element spacing is 57"; the average ele- 
ment length is 276". 

Find the capacitance: 

2h 1320 Q = log - - K = log - - 0.874 = 0.4907 (9) D 57  
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The capacitive value represented by the Yagi is 291 pF. 
Find the capacitrve reactance from the previous value: 

Flnd the shape factor for the antenna tower: 

(211) Z,, = 60tt1 - - 
((1) 

Find the equivalent electrical height of the whole 
structure: 

OH,, = 76' 
OH,, = 65' 
8Gt = 141' totul 11t,ig/1f E c/ec*~ricu/ degrees 

Finding the tap point on the tower 
You know that the tap polnt on the reference tower struc- 

ture IS 28 electrlcal degrees above the tower's base for a 
tower of 90 electrical degrees In length Thls means you'll 
use proportions to flnd the tap polnt for antenna helghts 
other than 90 degrees Say you want to flnd the tap polnt 
for an antenna helght of 141 electrlcal degrees Let X be 
the unknown value for the tap polnt on the tower Once you 
determrne the tap point rn electrlcal degrees, convert thrs 
value to feet 

Converting to feet: 

(See Figure 2.) 

Preparing the tower for shunt feeding 
One of the f~rst th~ngs you must do when shunt feedlng 

a grounded tower IS Insulate the upper portions of the tower 
from ground. Do lhrs by placing egg insulators where the 
guy wlres connect to the tower. It's usually advisable to 
break up the guy wlres wlth insulators every 1/10 of a wave- 
length to prevent reradiation by the wires and radiation pat- 
tern distortlon. 

Once you've located the tap point, you can feed it in one 
of two ways. The first is to extend a folded wire straight out 
from the tap polnt and drop it down parallel to the tower's 
base. RF excitation will occur at the earth's surface. Another 
method (which gives sl~ghtly better bandwidth and results) 
is to build a cage about the same diameter as the tower, 
instead of using a single wire. You can hang the cage on 
an outrigger extending out from the tap polnt and running 
parallel to the tower down towards the ground. The cage 
works better than an alumlnum pipe, and offers less wind 
resistance. It also decreases the amount of welght that's 
hanging off the tower. 

Once the fold wlre or cage IS In place, there are a num- 
ber of things to do before excitlng the tower with RF power. 
To start, hang the outrigger arm at the flrst approximation 
tap point. (The arm can extend 1 to 3 feet out from the 
tower's side. The outrigger arm material is usually a light 
metal, like alumninum pipe, with a I-inch outside diameter, 
that's clamped to the tower legs with U bolts.) Suspend the 
fold wire or cage from the first outrigger to a second one 
at the tower's base. Make sure the bottom outrigger has 
an ~nsulator: so that the cage IS Insulated above the ground. 

The impedance nolse bridge is a valuable tool for deter- 
mining the feedpoint impedance at the fold wire or cage 
feedpoint on the bottom outrigger. You can move the wire 
in towards the tower or away from it to determine which 
spacing gives the best impedance match, then try raising 
or lowering the tap point for a better match. Observe the 
reactance value on the brldge once you've found the tap 
point with the best match. 

It may be a good idea to cancel out the inductive reac- 
tance before moving the tap point position, or the fold wire 
In and out from the tower. I've given approximate values 
for maximum capacitance to cancel out the inductlve reac- 
tance for the following bands: 1000 pF for 160 meters, 500 

L I 

Illustration of the electrical height of the tower in degrees and the 
approximate placement of the tap in degrees. 
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along with a series inductance to negate the fixed capaci- 
tance not needed to cancel out the antenna inductive reac- 

FOLDWIRE 

L NETWORK 

tance (Figure 38). When you've canceled out the reactance 
component, match the resistance value in the usual way. 
Use an L or Tnetwork, or torold transformer, if the feedpoint 
isn't an exact 52-ohm match. Remember the fold wire will 
always present inductive reactance and this reactance must 
be canceled out with capacitive reactance. By uslng the 
fold wire you eliminate the need for a loading coil, increas- 
ing radiation efficiency. 

It's also important to remember that you should have a 
good ground system with many radials when shunt feed- 
ing top-loaded towers. This doesn't mean just a few long 
radials. but a min~mum of 60 radials 118 wavelength long. 
If your ground system is inadequate, it will be hard to find 
the tap point placement and total system adjustment will 
be very difficult. The calculations are made assuming the 
ground system will have little loss resistance. 

l k o  methods of tuning out the Inductive reactance at the feedpoint REFERENCES 
on a shunt-fed tower. (A) Variable caPac'tom are used to tune out I ,o,,n 1rur W ~ O O  ti, to DP,,,~ sh,,nt F P P ~  ~yzterns ,or ~ r o i r n d ~ ,  ~ e r t , c a ~  ~,d,at,>rp 
inductive reactance. (B) Fixed capacitors are used with a series vari- Ham R~dro  May 1975 p a w 5  34 39 

able inductor to tune out any additional capacitance in the circuit. 2 Jolv? R l r i ~ t =  W 4 0 0  M r ' , i ~ u r ~ r n ~ n I  1-1 l>ri~rI!~P% 101 A n l e n n ~ ~  and hansrn8sslon L n r r  Har,, 
Radn Mav 1974 narwz lfi 4" ~ - , . F - .  -~ 

3 Cao~tol Radm E n ~ ~ n r ~ r l n ~  InstilolP liar~?rnrv:~on Lmcs McGraw HIII. Inc 1972 ei l~lton i,.~r]rs 
11 23 

pF for 80 meters, and 300 pF for 40 meters (Figure 3A). 4 s A Schdkur~>'f Throry 01 Anlcnnas 01 Arhlrary stze and S~~I)P ~ n ~ t l t i ~ l o  nl Rndbo Entlcnrrr? 
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' RELY ON JAN 
FOR 3-WAY HELP: 
1. TECHNICALLY 

CORRECT CRYSTALS 
TO YOUR SPECS. 

2. QUICK TURNAROUND 
WITH HUGE 
INVENTORY, PROMPT 
SERVICE, AND OUR 
EMERGENCY ORDER 
PLAN. 

3. LOW PRICES. 

QUARTZ CRYSTALS FOR 
TWO-WAY - INDUSTRY 
MARINE - AMATEURS 

SCANNERS - CBS 
MICROPROCESSORS 

FOR mn CATALOG. 
CALL OR WRITE: 

JAN CRYSTALS 
P.O. BOX 06017 

FORT MYERS n 33906 

!- (813) 936-2397 

1-800-237-3063 
IN FLORIDA: 1-800.226-XTAL 

FAX ORDERS: 1-813-936-3750 
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Homebrew Neutralizing 
Capacitor 
Most of us now have transceivers with 
an output of 100 watts. This is ideal for 
driving a high-power triode amplifier. 
Such an amplifier isn't difficult to build 
and can be quite economical if you 
have some 250Ts, 833As, etc. stored 
away somewhere. Perhaps you have a 
ham friend who works at a broadcast 
station. Stations often remove tubes 
from service that are perfectly good for 
Amateur use, especially for CW. Some 

Example of a completed Neutralizing Capac- 
itor. 

of the other components. however, may 
be difficult to find or too expenstve. The 
neutralizing capacitor need not fall into 
th~s category. 

My list of materials isn't cast in con- 
crete. Use what you have on hand and 
calculate the capacity range from the 
formula in The ARRL Handbook. The 
items specified will result in a capacity 
of 1 pF at 3.0" spacing to 5.6 pF at 0.5" 
spacing. 

Construction 
Use pc board material with copper 

on one or both sides. Make the top 
plate using a circle cutter. Cut the bot- 
tom plate 4" square and then trim off 
the corners. Round the edges with a 
file and polish them with fine sand- 

paper or crocus cloth. You can mount 
the bottom plate on just one center 
insulator, but I used four to make it stur- 
dier. Countersink the top plate center 
hole and fasten on the 3" brass bolt 
with a lock washer and nut. Solder the 
bolt head to the pc board copper. This 
is the only tricky part of the entire pro- 
ject. Be careful not to make the coun- 
tersink too deep. If you do, there will 
be a gap between the bolt head and 
the copper foil. It will be very difficult 
(1 might even say nearly impossible) to 
bridge that gap with solder. Saw a slot 
in the other end of the 3" bolt for 
screwdriver adjustment. 

1 - 4" diameter piece of pc board 
1 - 4" square piece of pc board 
1 - 1/4-20 3" long flat-head brass bolt 
3 - 1/4-20 brass nuts 
1 - 1/4" lock washer 
1 - 3/16" x 3/8" x4" brass bar 
1 - 1" x5" ceramic insulator 
4 - 1/2" x1.5" ceramic insulators 
Fiber washers and brass machine screws 

for the insulators 

The support for the top plate is a 
piece of brass 118"x5116" x4". If you 
use hollow brass, solder on a 114-20 
brass nut after you drill a clearance 
hole for the 3" brass bolt. If the brass 
is solid, you can drill and tap it for the 
3" brass bolt. You also need to coun- 
tersink the four flat-head machine 
screws holding the bottom plate flush 
with the pc board copper. 

Ken Leiner, N4LC 

Adding 10 MHz to the 
HyGain Hjrower 
Although it's an older antenna, the 
HyGain HyTower is still in use in the 
United States. Canada, and around 
the world. The HyTower is basically a 
quarter-wave vertical. The antenna 
incorporates various tuning stubs; 
these decouple tt for bands other than 
40 and 80 meters. For 160 meters. the 
antenna uses a base-loading coil. 

I've operated with the HyTower at 
W5UOJ for almost 16 years, and it was 
used when I got it! It's never failed on 
160, 80, or 40 meters. Because I have 
beams for 20, 15. 10, etc., I never 
installed the stubs for 20, 15, and 10 
meters on this particular antenna. 

After the 30-meter band (10.100 to 
10.150 MHz) opened. I tried the 
HyTower with an old Collins S-Line. The 
SWR was relatively low and it worked 
after a fashion. Because there's a cot1 
for 160 installed in the 80-meter line 
(mostly shorted out for 80 meters). 1 
could vary the SWR by moving the tap 
on the coil. Apparently the antenna 
was working as a three-quarter wave- 
length vertical. 

I didn't get very good signal reports 
with the antenna this way. It worked, 
but ... ! I decided to add a matching 
section for the 30-meter band. 

I garnered several pteces of alumi- 
num from the antenna graveyard and 
pieced them together. Most of my 
matching section addition was 1-inch 
tubing. I inserted a shorter piece of 718- 
inch tubtng into the end for tuntng. 

I started with a total length of just 
over 23 feet, and tuned the antenna for 
the best SWR by telescoping the 718- 
inch section up and down inside the 
1-inch section. I installed two 3-inch 
stand-off insulators along the first sec- 
tion of tower and two 4-inch ~nsulators 
on the second section (see Figure 1 
for detarls). I shimmed them with small 
sections of plastic from margarine tubs 
to bring the 23+ foot section verttcal. 
Th~s took care of almost 16 feet; I left 
the remaining 7 feet freestandtng. 
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I ADDING lOMHz TO HYTOWER 

3" INSULATORS iI 

ably less than $10. Of course, the modi- 
fied HyTower isn't a beam. But con- 
sidering that Inany stat~ons working the 
30-meter band are using dlpoles and 
even long wires, it does make for a 
better-than-average antenna! See you 
on 30! 

Glen Zook, W5UOJ 

The N5NBU "Nice but 
Ugly" $1.29 Antenna 
Living in an apartment presents spe- 
cial challenges for Amateur Radio 
operators. L~mited space and landlord 
rules pose difficulties, particularly when 
it comes to antennas. When I was told 
that my ground plane had to come off 

ALUMINUM STRAP I the balcony I decided enough was 
enough and the "Nice but Ugly" $1.29 
antenna was born. (See Figure 1.) 

Mechanical details for attaching the 23-foot My requirements were simple. I 
matching stub to the Hygain Hytower. needed to put up an antenna that was 

Next I strapped the bottom of the 
newly added's'tub to the bottom of the 
tower leg with a scrap of aluminum. 
(You coild probably use heavy wire.) 
Then I adjusted the antenna for mini- 
mum SWR. Because mv antenna is 
mounted next to the house, I could 
make these adjustments with the stub 
mounted permanently. If your HyTower 
is mounted away from a building, put 
up the lowest and highest insulators 
and make the tuning adjustments by 
moving the antenna stub up and 
down. You can mount the stub perma- 
nently when the SWR is the lowest. 

My stub was just short of 23 feet; the 
actual length of yours may dlffer. 
Because the antenna is mounted next 
to the house, and since the stubs for 
20, 15, and 10 meters aren't installed 
on it, the final stub length could vary. 
Always check the SWR before finaliz- 
ing your work! 

The stub adds a third antenna in 
parallel with the existing 80 and 40- 
meter sections. With a good ground 
system this antenna can easily work 
the world. Stateside contacts are also 
much easier to make. 

I spent less than an hour on this 
modification, and the time was well 
spent. It cost me nothing because I 
had all the materials on hand. Even if 
you have to purchase everything, it 
should cost less than $20 - and prob- 

as effective as possible within the 
space available. Then the XY L added 
another constraint: "Try not to spend 
any money on it." 

I tried and discarded gems like "The 
Bedroom Wall Quad" (two square wire 
loops on opposite walls of the bed- 
room) and "The Guillotine" (a long wire 
strung throughout the place, which 
was a real adventure in the dark!). 

Then, by sheerest chance, I saw 
some light at the end of the tunnel - 
or rather, in the ceiling. While replac- 
ing a light bulb in the closet, I noticed 
an access panel in the ceiling. I lifted 
it up and, lo and behold, space! A 
whole attic just waiting for an antenna 
installation! I immediately sat down and 
started contemplating antenna 
designs. 

I made a couple of trips into the attic 
with measuring tape in hand and my 
plan began to take shape. Because I 
had severe budgetary restrictions, the 
antenna had to be simple and built 
with materials I had around the house. 
What's cheap, long, and conductive ... ? 

Installed view. 
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We stock a full line of 
RF Transistors. Modules. I I I I I 
and Tubes for Amateur, ' 
Marine & Business Radio 

ORLANDO & DAYTON 
HAMFEST 

Partial Listing of Popular Wansistors & nbes 

PIN NeVEs 
6FR96 $ 2.75 
MRF134 16.00 
MRF136 21.00 
MRF136Y 47.00 
MRF137 24.00 
MRF138 35.00 
MRFl4lG 190.00 
MRFl48 34.00 
MRF15O 79.50 
MRFl5lG 170.00 
MRF153 395.00 
MRF154 497.00 
MRF156 537.00 
MRFl7l 34.50 
MRF172 58.75 
MRFl74 80.00 
MRF208 14.50 
MRF212 19.50 
MRF221 11.00 
MRF224 13.50 
MRF237 2.00 
MRF238 14.00 
MRF239 15.00 
MRF240 15.00 
MRF240A 15.00 
MRF245 32.00 
MRF247 24.75 
MRF248 33.00 
MRF26O 8.00 
YRF761 oil0 

MRF315A 32.50 
MRF316 64.50 
MRF317 59.75 
MRF321 23.75 
MRF327 57.00 
MRF401 12.00 
MRF406 13.50 
MRF412 22.00 
MRF421 24.00 
MRF422 36.00 
MRF427 17.00 
MRF428 50.00 
MRF429 39.00 
YRFA33 11 Oil 

PIN Net/& PIN Nel/Ea 
2SC2694 $46.75 
2SC2695 31.75 
2SC2782 32.75 
2SC2B79 21.00 
2SC2904 32.50 
2SC2905 34.50 
40582 9.50 
LOWNOISEFIGURE 
MGF1402 17.95 
MRFWl 1.25 
MRF911 2.00 
MRF966 2.00 
WE2553713Sli205 3.25 
NE4113113SK124 3.25 
J310 1 .OO 
U309 1.75 
U310 1.75 
2NU16 1.00 
3N204 2.00 
3N211 2.00 
OUTPUTYOOULES 
SAU4 440 r* 49.50 
SAUl7A 9.3 50.W 
SAV6 ?ra 42.50 
SAV74a 42.50 
SAV12 l r s m  23.50 
SAY15 220 48.00 
SAVl7 j e s o w  66.50 
M57710A u.. s rvs  
M57713 49.50 
M57726 57.75 
1157727 69.50 
M57729 640 59.75 
M57732L 33.00 
M57735 57.50 
M57737 36s 48.50 
M57745 87.00 
M57755 78.75 
M57762 121s 69.75 
M57764 74.00 
1157712,157733 us. 

1157737,SC1019 SAVl 
SClO27 u.esru4 
SC1028 u..srv~s 
MHW710.1,2,3 61.00 
MHW820-1 76.00 
MHWBZO-2 82.00 

SPECIAL TUBES 
K L 6  9.95 
6GK6 7.95 
6HF5 14.95 
6JB6 ECG 15.95 
6JSK ECG 15.95 
(KO6 GUECG 15.95 
6LF6 GVECG 15.95 
6LQ616MJ6 13.95 
12BY7A 7.95 
572Bn16OL 69.50 
811A 17.95 
833A 110.00 
M2057 22.75 
5894 43.00 
61466 12.95 
6550 14.95 
75811Kl66 14.95 
8122 154.50 
8874 349.50 
8875 319.00 
8950 18.00 
3CXBOoA7 339.50 
3CX1500A7 629.50 
4CX2506 74.50 
4CX1000A7 399.W 
3-5002 114.50 
4 4  139.90 

MATCHED 6 SELECTED TUBE AND TRANSISTOR FINALS 
IN STOCK FOR AMATEUR AND COMMERCIAL EOUIPMENT 

Oraers received bv 1 PM PST s h i ~ m d  UPS same dav. 
Next day UPS delivery'svallable 

No Extra Charge for C.O.D. or VlSAlMC Orders 
ShipJHand. 1 Ib. U.S. or Forelgn Sm Pkt Air 8 oz. $5.00 
Minimum order $10 Quantity Pricing Available 

PARTS ORDERS ONLY - NO TECHNICAL 
(800) 854-1927 

ORDER LINE - INFORMATION 
or TECH HELP 

FAX 619-744-1943 

End-feed view. 

Eureka! Aluminum foil! Because the 
antenna would be installed in the attic 
there wouldn't be any w~nd loading, 
and there were convenient vertical sup- 
ports (roof trusses) running the length 
of the attic. I went into the kitchen, got 
out the roll of foil, and measured off 66 
feet (the length of my attic, and two full 
waves at 10 meters - how convenient) 
plus a little bit for anchoring purposes. 
I decided an end-fed antenna would 
be perfect as it involved just a single 
wire to my tuner. 

After measuring out the foil and 
locating my box of tacks, I once again 
climbed into the attic. Starting at the far 
end, I rolled and flattened about a foot 
of foil for a good strong anchor, held 
it vertical, and thumbtacked it to the 
support on the far end of the attic. 
Working my way back to the access 
hatch, I unrolled the foil and tacked it 
to every fourth vertical. They're spaced 
about 18 inches apart. I continued this 
rather tedious process (tedious 
because the foil is quite delicate) until 
I came to the access panel. Then I 
folded the foil over to bring it down to 
the edge of the access. To connect the 
antenna to the tuner, I scraped off 
about 2 feet of insulation from an 18- 
foot piece of no. 16 enameled wire, 
then soldered it (sort of) to a piece of 
foil about a foot long using "the big- 
ger the blob, the better the job" 
method. I rolled this up Into the end of 
the antenna, flattened it, tacked it down 
to the edge of the access, and con- 
nected the wire to my MFJ Deluxe 
Versa Tuner II. (See Figure 2.) 

Now it was time for the acid test. I 
tuned the transmitter up into the 
dummy load, switched to the antenna, 
and heard the (new and thrilling) 

sounds of DX stations. After finding a 
clear spot on 10 meters to finish my 
tune-up, I called CQ and immediately 
got my own mini-pileup. The SWR 
meter said I was matched up with a 1:1 
ratio, and the stations I was talking to 
were giving me S9+20 reports. It was 
the same story with CW on 15 and 40 
meters. On 80 meters I have a prob- 
lem with RF "bites:' but a good ground 
should cure that problem. I've greatly 
alleviated and almost eliminated my 
TVI. My primary problem was fun- 
damental overload. Now just turning 
the rabbit ears parallel with the plane 
of the antenna greatly reduces and just 
about gets rid of TVI on channel 2 (my 
problem channel). 

I hope you'll try my Nice but Ugly 
antenna. Just remember basic safety 
precautions regarding power lines, etc. 
and you'll have a safe and trouble-free 
installation. 

Now, I wonder if I can do something 
with these tin cans ... 

Don Lane, NSNBU 

Anti-rotate Device 
Mounting your low-band mobile 
antenna on your bumper is the easi- 
est method - mechanically. It's also 
best for performance. But this mount 
is impossible on many station wagons 
and "three door" cars. Side mounts 
are apt to rotate, unless they include 
a rugged anti-rotate device. I used a 
standard ball mount, which rotated 
even when minimal force was applied. 
My solution for this rotation problem is 
shown in Figure 1. 
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Now it's easv to add a multi-band remote 
to your repeater. 

Your repeater can llnk to any frequenq on 
up to six bands with ACC's new Interface 
to the ICOM IC-900 Super Multi-Bander 
System. 

Our new FC-900 Interface connects your 
ACC controller to the ICOM band units 
(the ICOM Rber optic controller anti Inter- 
face aren't needed). Add new bands to 
your system by just adding band units. 
And best of all - everything just plugs 
together! 

If vou've hullt remotes hrfore. you'll 
appreciate the slmpllrity - and the 
performance. If you haven't. now Is the 
time to add a new remote base or linking 
system to your repeater. 

Extend the range of your repeater. llnk to 
other repeaters for emergency and public 
service activities. and beneRt from the 
elevation of your repeater slte for all 
bands. From trn meter DX to 1200 MHz 
Hnklng - and everything in betwren. 

ACC pioneered frequency agile remotes 
and llnks on repeatrrs years ago. Now 
we've made It easy. One more reason that 
ACC I s  the rlght cholre for your repeater 
system. 

Write or call for morr information on ACC's 
line of repeater controllers. mlce storage 
units. and the new FC-900 Interface. 

QCC advanced 
computer 
controls, inc. 

r 

2356 Walsh Avenue, Santa Clara, CA 95051 (408) 727-333 

KNOWN WORLD-WIDE FOR PREMIUM 
QUALITY ANTENNAS AND METERS 

POWERISWR METERS 

b 

Forward & Reflected Power & SWR 
Selectable RMS or PEP switch 
3 Power Ranges: 

51201200 Watts 
30i30013KW (SX-100 only) 

Power Meas. Accuracy 5% (typ.) 
Insertion Loss: 0.2 dB Max. 
Wideband Performance 

ATV CONVERTERS HF LINEAR AMPLIFIERS 
D I S C O V E R  T H E  W O R L D  OF WFMPLI-MQT9RDLARVLLETlNS FERRPTCVBL DCY lc i $  

F A S T  S C A N  T E L E V I S I O N  
C~rnp l r lc  Pafl. Lest la HF Ampl#(ler$ D e w ? , h d  8n V U 2 M - 1 1  Ill Rf Choke 1 1 1 0  
th. MOTOROLA Ovllrtonr 16.5W ~n frlclre &rd  1 10 
ANT58 3mLV 1lGO 10 E N 1  I I O W  1 81 6 5  
AN161 14OLV 1 9 1  25 EBI7A I M W  1119 M LIUT.Sl)II( M h I L m  
AN779 >OW 1 8 1  79 E O I M  KIJW 1448 15 

MOM PP Hs.1 Sank16 5 ~ 1 1 x 1 6 1  I 11 m 
NEW11 10eYYhZL1P;liCLhIKlAdlkl CHS-6  Coop, So<ead.rl6abxl/I) 1 1 0  M 

Add 12 W7 .ddlllonal 5hlOLil"R 

mwEMeLL~!,R$~~::CQMB'NLRD W.,lro,14LH.~d*Find~"rl. 

AMNEUlr_TELEVlS10N~CQNVLR~€P,591 EFi:, 1 59  95 
AT,,? .,.I 450 

1 6 9 9 1  CHlt' CAPACITORS 

AT\,> &;'-IS" l(l.sAS-FETI S d n l 1  Kbt 
h 4 E l A t C l A D  MICA CAPACITORS 

A - r s ,,),,\ K,, l Q W Z P - - f i ~ ~ ~  
Rf I.OIVLR rRAN5lS lORS 

IMPAIELLR-$BdW=AIY l r l c  
1 x 9  I 0  

4YD1Q-?QULFH.C08TRDLIwA~,q95 K,, KEOul PK 
M R r I S l G  118680  

SIL 
1 l ) q q 1  MIN I  CIRCUIT MIXERS 

IFRI,~. PCD IPC Boa,dl 1 15 1x1 '-WL I 1 6 5 0  

K l  I((,; I l!4.snu~!l 1 5 11'1 \ D L - I X  
1 I 9 5  

p L F J E R s  1 79 9s Kt, 
ARC 0 TRIMMER CAPACITORS 

7s Watt Modd  815A sllq91 K,, For de!zdrd 8nlorrna!lon and p r ~ c r  call or w18lr 1r.r 

Ara,iablr rn kit ,or uwd and tested our lsrr ' l l ~ l o r  Add 1 2 M lor shlpplns and handlml 

VISA 
Communication 
Concepts Inc. 

5138 Millstone Drive. Xenia. OH 45385 ' 1'") 120-9677 

FIVE MODELS TO CHOOSE FROM 
SX-100 1.6-60 MHz $1 19.95 1( 

SX-200 1.8-200 MHz $89.95 
SX-400 140-525 MHz $99.95 
SX-600 Dual-Band $1 49.95 

1.8-200 & 140-525 MHz 
SX-1000 4-Band $21 9.95 

1.8-1 60,430-450 
800-930.1240-1300 MHz 

For detailed ~nforrnation please 
read the "New Products" 
article in Apr~l '89 CQ Magazine. 

DUAL-BAND ANTENNAS 
We belleve that DIAMOND Dual- 
Band Antennas are the best 
antennas on the market today!' 
BASE 2m 70cm Net 
X-50 2.8dB 5.8dB $94.95 
X-200 5.5dB 8.0dB $139.95 
MOBILE 2m 70cm 
NR-770s unity 3.WB $34.95 
NR-770R 3.0dB 5.5dB $47.95 
NR-790 4.5dB 7.2dB $76.95 
MX-72D Duplexer (opt.) $37.50 

PO-MM Magnetic Mount $21.95 

Next day UPS dellvery available 

ORDERS ONLY - NO TECHNICAL 

(800) 854.1 927 

PO-K Mtg Kit, 17' cable $19.95 

PO-TLM Trunk Lid Mount $21.95 X-200 

'We guarantee each DIAMOND antenna and 
wattmeter sold by us to meet your satisfaction 
or return it to us within 10 days for a full refund. 
Qvantlty Prlcl Available Dealer lnquldw Invlted 

Ordera recelved?&l PM PST shipped UPS same day. 

No Extra Charge tor C.O.D. or VISA MC Oldsn 

I ORDER LINE andlor TECH HELP 1 
(61 9) 744-0700 

FAX 619-744-1943 

"QUALITY NEED NOT BE EXPENSIVE" 
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Performance v h t m  pream(?; 

Fnq. 
Receive Range 
Only (MHz) 
P28VD 28.30 
PWVD 50.54 
PWVDG 50-54 
P144VD 144-148 

lnllne (rl swltchad) 
SP28VD 26-30 
SPWVD 5054 
SP50VDG 5054 
SP144VD 144-148 
SP144VDA 144.148 
SP144VDG 144-148 
SP220VD 220-225 
SP220VDA 220-225 
SP220VDG 220-225 
SP432VD 420-450 
SP432VDA 420-450 
SP432VDG 420-450 

N.F. 
(dB) 

<1.1 
< 1.3 
c0.5 
c1.5 
<l.O 
<0.5 
C l .8  
c1.2 
c0.5 
Cl.8 
c1.1 
~ 0 . 5  

<1.2 
c1.4 
< 0.55 
<1.6 
c1.1 
c0.55 
c 1.9 
<1.3 
<0.55 
c 1.9 
c1.2 
~ 0 . 5 5  

1 dB 
Comp. 
(dBm) 

0 
0 

+ 12 
0 
0 

+ 12 
0 
0 

+ 12 - 20 
- 20 
+ 12 

0 
0 

+ 12 
0 
0 

+ 12 
0 
0 

+ 12 
-20 - 20 
+ 12 

Dovlce 
Type 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
B~polar 
B~polar 

GaAsF ET 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Blpolar 
Blpolar 

GaAsFET 

* 
R-4C Enhancements 

AMP4, PD4, Replacement PC Boards 

Front-Panel 6-Position AGC I Filter Switch 
I ' l ~ ~ y - ~ t i  SCYYI~~  1.1 AcL.L,\\II~ I il!~,r\ 

('l..l.7K/S. SIl:!rp SSli, I%L.IIC~ 1i1:1n l..l -!5IUl 
(T I  llK!S, \Y i ( l~  ( ' \ \ '  SIIII~~ \~,:~ritiiric Ii l l~.r 
(~l~.5lll l lS. S ~ , ~ ~ t ~ l . ~ r ~ l . l ~ : ~ ~ i ~ l ~ ~ t ~ l l l i  ( W .  
('l~-25lI,'S, i (I\\-l,3\\, t1:trtt,\\ l ~~ t l l ~ l \ \ i l l l i l  ( \v 

Sailc.li;~l?l~~ I i1\1 I I I i11C.r S<~~LIIIIBI~\ 

(.I.-:K/S, SII.II~ I iI1c.1 I'.III I'II~ (~IIIIIc\I~ ,111d l)X. 
('1 .iK/S. I 1.1 l < ~ . ~ i l : ~ ~ ~ r ~ i i c ~ ~ i l  
('I -(~llll,'O, '1.11~. 'lli11i.11~~ (. \V L~[icr.!cl~! 

Sh~rwood Engin~~ring Inc. 
121,s S,lllIil O~,lCtl SI~<YI. l ) ~ ~ l l ~ ~ ~ ~ ,  ('0 Sll2lIl 

(2113) 7?2-2257 )\11111~1:1\ 1 ~ i < l : ~ y  0 A.hl  i IB.3l. 

Sales. Service & Installations from: 
/)~.\I~II 1 . 1 ~ ~ ~ ~ f r ~ 1 1 1 1 ~ ~ ~  O/II,,. KWS/. 

(014) S311.571 I I):Iv\, (01.8) S.>O-,i,;70 I \c~ii~l!!\ 
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(412) 52S.'l;Il2. 01 (210) 53T-7'111> 
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Factory Authortzed Dealer & Serv~ce For : 
KENWOOD I I 

YAESU I 
I 

ICOM 
I 
I 
I - I I 

Call Us For I 
I 

Great Prices & Great Service I 
I 

I I 
I TOLL FREE ORDEAI INE (-800-344-5144 I 

Every pmamplltlw k pmc leh  ellgmd on ARR'a Howlotl Packard HPbB7OMiP3UM atmtbot.MNrl nolw (Igun 
I ,111 1,111 ,I..I I 

meter. RX only pream llflerr are for recalve ap Ilcatlona only. Inllne preampllflerr a n  rl swltched (for use 
I ... A,'"" 1 % '  I 

with transcekers, anbhandle 25 watts trrnambw pa Mourn inline nampllfiers batween tranrcelver : u t c ~ u u k t  

and w e  a m p e r  o r  g w e  app~ca t~os  0 a m  m m r c a a d  I m e  a a a e  : THE )(&M STORE : 
In the 1'1000 MHz range PleaseKluda $2 shl plng In I 

Rdkanced 
U S and Canada. Connecticut resldenta ad8 7 '12 % I I 
sales tar. C 0 D orders add $2 Alr mall to forelgn coun. I 
trles add 10% Order your ARR R x  only or Inllne 

I 

Receiver 
I I 

preampllfler today and start hearlng llke never beforel I I 
L m m m m r m m m w - m m m ~ m m m m w m m m ~ w m m m d  

Research 
Box 1242 Burlington, CT 06013 203 582-9409 l!z3m 

SERVICE MONITOR 
MEASUREMENTS MODEL FM 110 

Covers all bus~ness channels from 30MHz to 512MHz 
Monitor: 2uV. frequency error d~splay, scope dev~ation display 
Generator: Callbraled output up to 1OmV. Sinad dlsplay 
Bu~lt-tn Tone Generator 

AMAZINGLY LOW $1 685.00 PRICE OF ONLY 
- 

FOB - BATESBURG. SC I . . :/. w w 
WE ACCEPT VISA. MASTERCARD & AMERICAN EXPRESS 

AIE CORPORATION - MEASUREMENTS DIVISION @ 
PO BOX 70, BATESBURG, SOUTH CAROLINA 29006 (803)532-9256 



FORWARO r 1 0 - 3 2  X l U 1 3 )  WITH NUTS 8 LOCKWASHERS I 

CAR BODY 

-NO.E OR10 ~ 1 / 2 "  
SHEET METAL 
SCREWS 13) 
(STAINLESS) 

- A S  REQUIRED 
1 / 2 "  

4 - 
- MATERIAL NOTES- 

t 1. CUT AND BEND BRACKET FROM 
1/16" ALUMINUM. 

2 .  STANDOFF IS FROM 1/2" PLASTIC 
(8AKELITE.  ETC.) 
3. STAINLESS FASTENERS ARE 
USED THROUGHOUT. 

Anti-rotate bracket for side-mounted mobile antennas. 

I attached the aluminum bracket to 
my car with stainless steel sheet metal 
screws available from most hardware 
stores. My installation fits two different 
d~ameter antennas, so I cut the hole in 
the standoff for the larger one. I 
bushed out the smaller antenna with 
a 4-lnch length of clear plastic hose, 
also from the hardware store. I split it 
lengthwise and attached it with a hose 

clamp. I added the L-shaped retainer 
at the front of the mount to prevent 
rotation in the forward direction (less 
likely). You'll need to vary my dimen- 
sions to fit your car and antenna(s). 

This device has stood the test of 
several thousand miles and many 
QSOs. Thanks to Bob, WIKSK, for his 
original suggestion. 

George Wilson, W1OLP 

Stuck Mic 

Cable TV I 

rophones 

Leaks 

IN7ERFERENpE3 
R ~nterrerence ~ocarlor nt  ana unk Coverage 

* 
* 
* Security Monitoring 

. *. .-.-= - 

I, *,: 
New Technology (parent penolng) converts any VHF or UHF rM recelver Into an 
advanced Doppler shift radio direction finder. Simply plug int 
and external speaker jacks. Uses four omnidirectional antenr 
sensitivity for weak signal detection. Call or write for full deta 

DOPPLER SYSTEMS, INC. P.O. Box 31819 
(602) 48 8-975 Phoenix, AZ 85046 

omputer In 

peech Synl 

2 VDC Oper 

#-.a ---- :. 
o receiver' 
ias. Low n 
ils and pri, 

terface 

thesizer 

s ant;nna 
oise, high 
ces. 

"First in Shortwave, 
first in service to thc 
world's S WLers" 

I Datong Multi-Mode Filter 
It separates the signals you want from 
those you don't - with multi functions. 
Fully automatic notch filter removes het- 
erodynes and other steady tone interfer- 
ence. Independent low and high pass 
filters stop "monkey chatter" and other 
off-tune interference, tunin 200 3500 Hz. 
Second notch filter manua?ly tines 200- 
3500 Hz. For s,peyh: all filters work inde- 
pendently for lexib~lity As ecial mode for 
CW and Rm combines t i e  filters into a 
12-pole filter with super skirt selectivity and 
non-interacting controls. Works with any re- 
ceiver, easy to install. Features 29 ICs with 
latest switched capacitor filter technology. 
FL-3. . . . . . . . . . . . . . . . . . . . $229.95 ( + $41 

Dressier Active Antennas 
Model ara 30 . . . . . . . . . . . . $1 59.95 ( + $8) 
For HF use up to 30 MHz and more. Fra- 
tures low noise field effect transistor acting 
as an impedance transformer together 
with a hiph linear CAY transistor.,A push- 

ull amp ~ f ~ e r  w~th  no~seless negative feed- 
[ack roduces high linearity for low noise. 
lnstalrs vertically, outdoors or in. Includes 
26' cable, interface, and AC adaptor. 
Model ara 900 . . . . . . . . . . . $189.95 (+ %8) 
For VHF-UHF and Scanners. Range 50- 
900MHz and more. Has low noise hi h 
gain 2-stage amp. With 1 gHz bandwidk. 
Gain is 15-lhdB. Mounts indoors or out. In- 
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Tom McMullen, WlSL 

OSCILLATORS 
Oscillators have been a part of radio 
since the use of spark transmitters. The 
waves spark transmitters generated 
weren't the clean waveforms available 
with modern circuitry, but they were 
radlo waves. They weren't self- 
sustaining; they reached an energy 
peak when flrst started, and each suc- 
cessive peak was weaker (because of 
circuit losses) until the wave dled out 
completely. These were known as 
"damped" waves. 

The vacuum tube saved the day. It 
allowed for the addition of enough 
power to the circuit to overcome the 
losses and maintain the waveform as 
long as voltage was applied. Vacuum 
tubes were standard in many types of 
oscillator circuits for many years, and 
are still the mainstay when you need 
more than a few watts of RF power to 
drive the next stage. 

Transistors are prevalent in modern 
equipment. These small, quiet, rela- 
tively cool devices perform well as 
osciJlators from audio frequencies up 
into the microwave region. But whether 
the oscillator is a tube or translstor, the 
thing that makes it perform is feed- 
back. 

Feedback - the vital 
ingredient 

Basically, an oscillator is an amplifier 
with some of its output slgnal fed back 
to the input in a proper phase relat~on- 
ship. If the waveform phase adds to the 
input waveform, the circuit will oscillate; 
if it tends to cancel the input waveform, 
it won't. 

Feedback that tends to cancel the 
input waveform is called negative feed- 
back, and this very characteristic has 
been used in many circuits to Improve 
their operation. For example, negative 
feedback is used in high-quality audio 

amplrf~ers to reduce distortion and pre- 
vent overload. In RF clrcu~ts, negatlve 
feedback is called neutralizat~on and 
is used to prevent oscillation. Circult 
designers can use phase-shlfting net- 
works and filters to tallor feedback for 
almost any situation. 

Here's an example of how feedback 
gets things started. Figure 1 shows a 
simple transistor clrcult wlth a black 

back voltage isn't good. It can over- 
drive the translstor, causing the wave- 
form to dlstort and create harmonics. 
The translstor will also draw more cur- 
rent than needed, and may overheat. 

What's in the box? 
You can obtain feedback in many 

ways, and electronic handbooks often 
show a clolen or more types of osc I -  

lators Flgure 2 represenrs an o.a 
I , stanaby dsea for many years n var - 

An oscillator is an amplifier with controlled 
feedback. Here, the "black-box" between 
the collector and base provides the voltage 
feedback and phase shin needed to keep 
oscillation going. 

box called "feedback" connected 
between the output (collector) and 
i n ~ u t  (base) of a transistor. (Don't worrv 

ous commercial and Amateur applica- 
tions. It's a tube circuit with a small coil 
in the plate circuit located near the 
windings connected to the grid. This 
was once called a "tickler" coil. 

The amount of feedback was 
adjusted by movlng the coil closer to 
or further from the Input c~rcuit. The 
phase was determined by having the 
winding start and fin~sh properly con- 
nected In the plate circuit. The old rule 
of thumb was: "If it doesn't oscillate, 
reverse the feedback windings." Sorrie 
osc~llators in early receivers had a 
feedback coil that could be rotated, let- 
ting you fine tune the strength of oscil- 
lation. (A few of these oscillators were 
known as "regenerative receivers.") 
This isn't a very elegant method of 

collector reaches 10 volts, and that the 
translstor provides a voltage gain of 20 
(that's simple voltage gain, not 
decibels). All the black box needs to 
do IS supply 0.05 volts to the base. The 
transistor will ampl~fy that by 20, and 
maintain the required 10 volts on the 
collector. A good design adds an extra 
fractlon of a volt to the feedback to take 
transistor aging, low supply voltage, 
and other troubles Into account -just 
to be safe. The phase of the voltage 
must be "aiding," that is, near 0 or 360 
degrees. But applylng too much feed- 

An early "brute force" type of feedback 
used a plate coil located so that its magnetic 
field was coupled to the grid tuned circuit. 

44 Ham Radio/May 1989 



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 pocesetting 
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- 
theline performance, the IC-781 is indeed 
today's standard of excellence! 

Multi-Function Five Inch CRT. Displays 
frequencies, modes, memory 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 operating frequency in the center. 
Selectable horizontal frequency spans of 50, 

100, and 200KHz 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 woodpecker noise with min- 
imum adjacent-signal interference. 

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 adlustsVK) 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 Passband Tuni with separate 7 controls for second an third IF stages! 
Increases selectivity and narrows band- 
width, independentlv varies low and hiah 
frequency response, br functions as IF s6ift. 
It's DX'ing Dynamite! , 

A Total Comrnunlcations System1 
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, multixanning, 105d k 
dynamic range, all-bandlall-mode receiver 
with general coverage, and much more! 

ICOM Dependability. The phenomenal 
G-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 Amelm lnc ,2380 I 1  6th Avenw N E Bellewe, WA Wl0-4 
Customar &ice Holl~ne (206) 454-7619 
3150 Prem~er Dnve, Su~le 126 l ~ ~ n g  TX 75063 
im Phoen~x Parhay Sune 201 Ananla GA 30349 
COM CANADA A D ~ v l w n  of ICOM Amenca. Inc. 
3071 - 85 Road Un19 R~chmond B C V6X 274 
All staled specrhcattm SUN to cha W O I  obhgahon 
All lCOM radlos s~gn~ficantly ~ g r e g u l a t m  l~rndlng s p u r n  
mlsslons 781 188 



P L A N  YOUR SPRING ANTENNA WORK NOW! 
THE ARRL ANTENNA BOOK Written by 
members of the ARRL Technical Depart- 
ment staff and sixteen well-known outside 
authors, all of whom have done much to 
contribute to the statmf-theart in antenna 
and transmission line theory and practice. 
The recently published 15th Edition presents 
the best and most highly regarded informa- 
tion on antenna fundamentals, propagation, 
transmission lines, Yagis and quads, as well 
as all of the popular wire antenna designs. 
You'll find antennas for limited space, 
portable, mobile, VHF, UHF, microwave and 
space communications. Contains over 700 
pages and 987 figures. Chapter lineup: 
Safety First, Antenna Fundamentals, The 
Effects of Earth, Selecting Your Antenna 
System, Loop Antennas, Multielement 
Arrays, Broadband Antennas, Log Periodic 
Arrays, Yagi Arrays, Quad Arrays, Long 
Wire and Traveling Wave Antennas, 
Direction Finding Antennas, Portable 
Antennas, Mobile and Maritime Antennas, 
Repeater Antennas Systems, VHF and UHF 
Antenna Systems, Antennas for Space 
Communications, Spacecraft Antennas, 
Antenna Materials and Accessories, 
Antenna Supports, Radio Wave Propa- 
gation, Transmission Lines, Coupling the 
Transmitter to the Line, Antenna and 
Transmission Line Measurements, Smith 
Chart Calculations, Topical Bibliography on 
Antennas, Glossary and Abbreviations. 
Edited by Gerald L. Hall, KlTD, QST 
Associate Technical Ediior. Copyright 1988, 
#2065 $18'. 

'For postage and handlin add $2.50 ($3.50 for 
insured parcel post or A, please specify) 

YAGl ANTENNA DESIGN is based on the 
series in Ham Radio Magazine by the late 
Dr. James L. Lawson, W2PV. Jim designed 
and built a highly competitive and suc- 
cessful Amateur Radio contest station. 210 
pages cover the following subjects: 
Performance Calculations, Simple Yagis, 
Performance Optimization, Loop Antennas, 
Ground Effects, Stacking, Practical 
Designs, Designs for 7 through 28 MHz. 
Hardcover, Copyright 1986. #0410 $1 5'. 

NOVICE ANTENNA NOTEBOOK At last, an 
antenna book written for the beginner! Don't 
let the lack of an antenna keep you from 
getting on the air. With this book you can 
choose which wire, vertical or beam 
antenna suits your needs, and you'll be 
ready for all of the fun of seeing that 
the antenna you put up really works! 
Contains pictorial drawings that show 
dimensions for Novice and Technician 
band use. Written by WlFB in his usual 
plain language style that makes him so 
popular as a QST author. Copyright 1988, 
#2073 $8' 

ANTENNA COMPENDIUM We don't have 
room for all of the good antenna articles that 
are submitted to QST; so we have packed 
this volume with new material on verticals. 
quads, loops, Yagis, reduced-size antennas, 
baluns. Smith Charts. antenna mlarization 
and other interesting.subjects. '176 pages, 
Copyright 1985. #0194 $10' 

LOW BAND DXlNG John Devoldere, 
ON4UN completely explores the 160, 80, 

and 40-meter bands. A large portion of this 
book is devoted to propagation characteris- 
tics and design and building of efficient 
antennas for these bands. 210 pages, 
Copyright 1987, W47X $1 0' 

HF ANTENNAS FOR ALL LOCATIONS 
was written by L.A. Moxon, G6XN for the 
RSGB. Contains 264 pages of practical 
antenna information. This book is 
concerned primarily with small wire arrays, 
but you'll find descriptions of some 
aluminum antennas as well. Copyright 
1982. #I3576 $15'. 

TRANSMISSION LINE TRANSFORMERS 
At last there is a source of practical design 
data covering the use of these devices for 
both commercial and amateur applications. 
Written by Dr. Jerry Sevick, W2FMI, this 
book covers types of windings, core 
materials, fractional-ratio windings, 
efficiencies, multiwinding and series 
transformers, baluns, limitations at high 
impedance levels and test equipment. 
Hardcover, 128 pages, Copyright 1987. 
W471 $10'. 

W1 FB'S ANTENNA NOTEBOOK Not 
everyone has a great deal of real estate to 
put up a forest of aluminum. Doug DeMaw 
tells how to get the best performance out 
of unobtrusive wire antennas and verticals 
and how to build tuners and SWR bridges. 
122 pages, Copyright 1987, #0488 $8' For 
shipping and handling add $2.50 ($3.50 for 
insured parcel post or UPS)-please 
specify. 

ARRL, 225 MAIN ST., NEWINGTON, CT 06111 
V 141 



t-.) OUTPUT 
C6 

I I 

A modern circuit uses feedback from the emitter to base of a transistor via C3. C3 and 
C4 form a voltage divider; R1 and R2 provide base bias. The collector is bypassed to ground 
for RF, and output is taken from the emitter via C6. 

providing feedback, but ~t works. 
Because physical vibration and tem- 
perature cause problems in oscillators, 
it follows that a circuit wlth two coils 
prone to vibration and heat will be 
more unstable than a circuit with only 
one. 

Figure 3 takes another approach to 
feedback. In a more modern transis- 
torized circuit, a capacitive voltage 
divider couples some of the energy 

inductively coupled feedback for an 
audio oscillator, but why lug the heavy 
iron around ~f you can use something 
else? 

Back to the RF circuits. Figure 4 
shows two oscillators that use crystals 
as their frequency-determin~ng ele- 
ment. In Figure 4A, the crystal is con- 
nected from base to ground. It serves 
the same purpose as the tuned circuit 
in Figure 3, by forming a parallel- 

and provibes feedback at the crystal 
frequency directly from collector to 
base. 

There are many variations of these 
circuits; some have names associated 
with their inventors. Figures 3 and 4A, 
for example, are versions of what is 
often called a Colpitts oscillator; Figure 
4 6  is a Pierce oscillator. 

In Figure 5, you'll notice one of those 
voltage-variable capacitors I explained 
In last month's column. It looks like a 
cross between a capacitor and a 
diode, and changes its capacitance in 
proportion to the DC voltage applled. 
In the circuits used last month, I var- 
ied the negative (-) voltage applied to 
the diode to change the capacitance. 
Instead of using two supplies, one 
negative and one positive, this circuit 
simply reverses the diode and varies 
the positive (+) voltage to tune the cir- 
cuit by means of R1. 

What makes an oscillator 
unstable? 

Frequency stability is one of the 
from the em~rter clrcu~t to the oase clr- 
cut  The value of rne capacitors from 
base to em~tter and emltter to grouna I I 
determines the strength of the feed- 
back signal. The resonance of the 
tuned circuit sets the frequency of 
oscillation. The collector circuit is 
bypassed for RF, which completes the 
signal path back to the emitter. 

You may wonder how the oscillation 
gets started in the first place. When 
power is first applied to an oscillator, 
the rush of current through the transis- 
tor (or tube) and the tuned circuit starts 
the "store energyirelease energy" 
cycle. This cycle peaks at the circuit's 

RZ 

1 R4 
0 + 

- Y1 

kc5 
R1 1- OUTPUT 

C6 

-- - - 

A Colpitts-type crystal oscillator. 
resonant frequency. The act on creates 
a small s gnal at the base (or gr~d.  In . :  
a tube). Because the clrccl t IS an , I 

amplifier, this small signal is amplified. 
A portion of it is then fed back to the 
input to further enhance the oscillation 
and be amplified again, and so rt goes. 
The whole procedure requires only a 
few cycles to reach full strength. 

Audio oscillators get started in a simi- 
lar fashion, except that most depend 
upon a resistancelcapacitance phase- 
shift network to determine the fre- 
quency of oscillation. The voltage 
change across the output load resis- 
tor creates a starting signal, which is 
fed back, amplified, and so on. It's 
possible to use a transformer to obtain 

A Pierce-derivative crystal oscillator. This crystal provides feedback at its natural frequency. 
C1 and C3 are small-value capacitors used to stabilize the amount of feedback, prevent- 
ing overdrive to the transistor and crystal. 

Ham Radto/May 7989 47 



PRCSENlINC 

The K1 FO 12 element 
144 MHz YAGl 

EME - TROPO - WEAK SIGNAL 

MODEL FO.12-144 

If 
ElEClRfCAL SkECIFICAIIOWS 
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ALSO AVAILABLE 
FO-16.220 FO-22-432 FO 25-432 m d  FO-33.432 

STACKING FRAMES POWER DIVIDERS 
. . . . . . . . . . . . . . . . . . . 

we rum#y !now hard IO IIM paim lor !he nomr D U ~ ~ O P ~  
Drlrln ,nsulnlO,l S17,qM Plaltxl kwwrl Sd 1W Sl,a%nL?n SlOilW 
nod y, UPS s i ~  lor r,nqle ol pam, n! Anlennar 
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RUTLAND ARRAYS 
1703 Warren Street New Cumberland PA 17070 

(717) 774-5298 7-10 P.M. ES? 
Dealer mou~rres rnvlleo 

MODEL 
SG-100F 

MADE IN 3429.95 
USA dsllvsrsd 

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

Operates on 12 Vdc @ 112 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 

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

VANGUARD LABS 
196-23 Jamalca Ave., Hollls, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 
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A VFO circuit using a voltage-variable capacitor as the tuning element. This can also be 
called a voltage-controlled oscillator (VCO). 

prime goals in designing and building 
an RF oscillator of any type. Mechani- 
cal stability is a close second. 

It's almost impossible to design an 
oscillator that ignores temperature 
changes, but there are tricks that help 
you come close. Because many com- 
ponents cause frequency changes 
when the circuit gets warmer, it's pos- 
sible to use temperature-compen- 
sating capacitors to provide an oppos- 
ing characteristic when they warm up. 
If you select the proper values, the 
result will be an almost temperature- 
stable osc~llator. 

Of course, keeping the entire circuit 
away from other elements that produce 
heat makes your task much easier. 
Power supply rectifiers, transformers, 
and somet~mes filter capacitors plus 
power-amplifier stages all heat up their 
surroundings, and you should avoid 
them when placing an oscillator on a 
chassis. Ventilate the enclosure to let 
heat escape or, if that isn't possible, use 
good heat-sink material to get the heat 
out of the box and into the free air 
where it won't harm anything. Good 
design also calls for keeping the cur- 
rent drawn by the oscillator device as 
low as possible. Current passing 
through resistors (and tubes or transis- 
tors) produces heat, so the less heat 
produced, the less heat there is to be 
dissipated. 

Mechanical instability is evident in 
two forms. One form is called 
microphonics. If you tap on the 
enclosure and hear a "boing" when 
listening to the oscillator in a receiver, 
you have microphonics. The other form 
is a noise or a jump in frequency when 
you tune the oscillator. The 

microphonic type is caused by some- 
thing moving in the RF field of the 
oscillator-tuned circuit. It may be the 
walls of the enclosure, a nearby com- 
ponent with long leads, or even the 
tuned circuit components (loose wind- 
ings and air-variable capacitors are 
prime suspects). The cure is to mount 
everything very rigidly, and allow 
space between the coil and other com- 
ponents so that the RF field doesn't 
intercept a loose or vibrating part. 
Heavy or r~gid oscillator-enc' sure 
walls and chassis help too. 

Noise and frequency jumps are 
usually caused by dirty contacts in the 
variable capacitor of the tuned circuit. 
Even the voltage-variable capacitor 
isn't immune, because the potentiom- 
eter that changes the voltage can 
become noisy just as volume controls 
do in an audio-circuit. Clean contacts 
are the answer for the variable capac- 
itor. There are chemical solutions that 
you can use to cure the problem in 
both capacitors and variable resistors. 
If all else fails, replace the noisy part 
w~th a new one. It's worth noting that 
even oscillators that vary the induc- 
tance rather than the capacitance are 
not immune to this problem, because 
anything that is in the RF field of the 
coil can induce noise (and temperature 
instability) into the circuit. 

/ SHORT CIRCUIT HOTLINE - 
Building a current ham radio project? Call the 

Short Circuit Hotline any time between 9 A M  and 
Noon, or 1 to 3 P M  - Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

lSee "Publisher's Log." April, 1984. page 8.  for 
details.) 

603- 878- I441 
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AND LADDER LINE 
Simple schemes 
for matching 
50-ohm coax 
to ladder line 

By Peter ti. Anderson, KZ3K, 915 Holland Road, 
Bet Air; Maryland 21239 

ams enjoy experimenting with antennas. Simple 
wire types require a minimal investment, and the 
parts (conssting of nothing more than wire and 

insulators) are readily available. I've been working with 1:4 
impedance transformers and ladder-line transmission line 
and would like to share what I've learned. 

Introduction 
A number of years ago I won my one and only door prize 

at a hamfest. It was an all-band "dipole-like" antenna con- 
sisting of 130 feet of wire center fed with 450-ohm trans- 
mission line. I couldn't wait to put up my new "toy" and give 
it a try. Imagine my disappointment when I found that it 
didn't work. 

My preference for 450-ohm line used in conjunction with 
1:4 ferrite transformers began with that antenna. I solved 
my impedance-matching problems using those trans- 
formers, and the antenna still works well today. I've since 
changed the feeds for all my other HF antennas to 450- 
ohm ladder line using the type of 1:4 impedance trans- 
formers shown in Photo A. 

Ladder line has a lot to recommend it over coaxial cable. 
For instance, it's inexpensive and very light. Many of us 
depend on the smallest of twigs at the top of a tree to 
achieve maximum height when erecting a dipole. Anyone 
who has attempted to hoist the end of a dipole that's cen- 
ter fed with RG-8 can attest to the frustration of having those 
twigs break. The entire antenna falls, and you end up with 
a "V" shaped dipole. 

Unlike coax, ladder line doesn't fill up with water, and I 
take a bit of comfort in being able to "see" whether the line 
is intact. Ladder line is also balanced and relatively loss- 

less. Within hours of putting up a new antenna, I usually 
find myself wanting a bit more bandwidth than it can pro- 
vide. Ladder line gives me flexibility in using a tuner that 
coaxial cable does not. 

The difficulty with using ladder line seems to be in match- 
ing the 50-ohm rig to the 450-ohm tramsmission line and 
the transmission line to even the simplest of dipoles.* This 
drawback has become more apparent with the wide 
proliferation of solid-state rigs with a fixed 50-ohm output. 

General analysis of 1:4 impedance 
transformer 

Take a look at the general 1:4 impedance-matching 
autotransformer in Figure 1. It includes some practical 
implementations. Note that the output ( " b  side) may be 
balanced or unbalanced depending on where ground is 
supplied on the input ("a" side). 

A rigorous analysis of the network, which assumes only 
that the two coils are tightly coupled with one another, 
results in the following expression:'" 

The j operator in the denominator indicates that the sec- 
ond term adds to the first at right angles, as shown in Fig- 
ure 2. Note that [f 2nfL1 (the inductive reactance) is "large" 

'Of coorse the actual Impedance ratlo for transform~ng 50 ohm coax to ladder llne IS 1 9 1 was 
unsucceshful in w~ndlng a 1 9 transformer that would provtde satlsfaclory results If you re interested 
In try~ng you could use a pair of 1 3 translormers at ellher end lo prov~de a closer 1 9 ImpeD 
ance lranstormation Because of the low loss nature of 450 ohm ladder llne the additional loss 
due to ~rnpedance m~smatcli has negltg~ble effects on the lolal power transformer 

"Deta~led derivations are ava~lable from the author for an SASE w~th one u n ~ l  of postage Corn 
puler analys~s routlnes were written In Turbo Pacsal Verston 4 0  for IBM compattbles a com 
plete llbrary of source code IS ava~lable on 5 114" dlskette for $500 You must have Turbo Pa.;cal 
Vers~on 4 0  (or later) and Turbo Graph~x to support Vers~on 4 0  to comptle and execute lhese 
Ides Hard coples of the source code lhstlngs are available for an SASE w~th lhree unlts of postage 
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_ ,POINT W WINDING C I  (STARTIT 

POINT Y7 Rb 

' 0 '  SIDE I ' I '  SIDE 
- 4  WINDING CZ (F IN ISH)  

Schematic representation of 1:4 impedance transformer and implementations using a rod and toroid. The dots refer to the relative posi- 
tioning of the windings. Each bifilar turn consists of two conductors tightly coupled to one another. 

I I 

The j operator indicates the quantities add at right angles. If RblXl 
is small in relation to 4.0, the denominator is close to 4.0. However, 
if Rb is large in relation to 4.0, the denomihator is RbIXI. 

An implementation of a 1:4 transformer using a ferrite rod. The 
design shown is unbalanced; ground is applied to one side of the 
transformer versis the center. Small applications of epoxy hold the 
rod in place. 

in relation t9 Rb, the first term in the denominator swamps 
the second and the expression reduces to: 

Zn = Rh/4 (2) 

The input impedance is Rbl4 and is purely resistive. The 
fact that the inductive reactance is large in relation to Rb 
is particularly important. It raises questions about how large 
"large" is, and about what happens if the inductwe reac- 
tance isn't "large" enough. 

Figures 3A and B provide a graphical analysis of Equa- 
tion l .  Figure 3A shows that the ratio of the resistive por- 
tion of Za to Rb approaches 0.25 as the frequency increases 
for all values of Rb divided by L1 - that is, as the inductive 
reactance becomes "large" in relation to Rb. You'll note that 
at a particular frequency the ratio approaches 0.25 as Rb 
decreases in relation to L1, or as L1 increases in relation 
to Rb. Figure 3 8  is interesting because it shows that the 

reactive component seen on the "a" side may either 
increase or decrease with increasing frequency. Note that 
the reactive component is always positive (inductive). 

Analysis of an inadequate design 
The following example shows how to use Figures 3A and 

B to analyze the performance of an impedance transformer. 
As one of my earliest projects, I attempted to match my 

50-ohm transmitter to an end-fed wire wh~ch was about 135 
ohms resistive at 3.5 MHz (see Figure 4). 1 reasoned that 
13514 wasn't 50. but it was close enough. I wasn't prepared 
for the 10 ohms plus the substantial reactive component 
which resulted, and I dropped the project in frustration. 

I used the T-200-2 iron powder core (usually red in color).* 
It's probably the most common toroid-type core used at 
high HF power levels by the Amateur fraternity. 
Cons~der a nine-bifilar turn arrangement at 3.5 MHz: 

LI (in pH) = (turtt.sNOO)2 x Al 
where A1 is in pH per 100 turns. 

(3) 
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D U R A - F L E X  neoprene elastomer 
s ~ g n ~ f ~ c a n t l y  a d v a n c e s  a n t e n n a  shock 
a b s o r p t ~ o n  t e c h n o l o g y  

Eliminates R F  noise In duplex rad~o 
s y s t e m s  f r o m  m e t a l - t o - m e t a l  c o n t a c t  In 
c o n v e n t ~ o n a l  s t e e l  s p r l n g s  

Drastically cuts whlpvibratlon wh~ch can 
d a m a g e  or b r e a k  a n t e n n a s  w ~ t h  steel 
s p r l n g s  on h ~ g h - v ~ b r a t ~ o n  v e h ~ c l e s  

Solid brassadaptors molded I n t o  neoprene. 
b r a ~ d  t o t a l l y  I s o l a t e d  through center c a v l t y  

Field-proven a g a ~ n s t  h e a t ,  cold, h u m ~ d t t y  
a n d  a b r a s ~ o n  e x t r e m e s  

Models f o r  r o o f ,  trunk or m a g n e t l c  
r n o u n t l n g  2 meter. 220 MHz or UHF 

a member of The A l l en  Group Inc. 
30500 Bruce lndustr~al  Parkway 

MASTER PACKET RADIO: the hands WI ~UIUU 

by Davs Ingraham. K4TWJ 
Appeals to all levels of packet ra mm nnme~ to 
experts allke Full of ~llustrat~ons , lmple, easy-tb 
understand style Topcs m r e d  ln nn.hamecwn 
pulers and data communlcabons Ivrt~ttn~a~,. auuvtty of equipment 
avallable. how lo 
1st ed~t~on 
El22567 

YOUR GAT~wAY Tu I ' A c K t l  t i A l  
by Stan Honepa, WAILOU 
Beginners will find the complete e 
ellm~nate many ot Me truslratlng i 
of helphll hints and ttps Mat come 
on-Me-a~r experience 208 paqes 
r IAR-PKT s m u n o  ~ 9 . 9 ~  

THE PACKET RADIO HANDBOOK 
by Jonathan Mayo, KR3T 
Prowdlng you firsl WIM packet basics, UIIS bookprog,,-. ...-,.. 
~~nnerworlangsandopenbonal~ofpackettoalookatfuhln 

setupa station plt 

- 
IS much m e .  '20 

ound $12.95 

Dl0 

ssy-bundentan 
~specls of packet 
from thousands 

1987 - - 

d explanaliom 
operabon. Full 
ol hours of 

technology st~ll ~ndevelopmentalstages Ako~ncludes ustng bulb 
hn boards. tramc handllnaon oacket. modulation methodsand net- 
working pnnc~ples, protocols (both AX 25and VAOCGI and a Mor- 
ough dlscuss~on of Me varlous TNCs and accessories avatlable 1.1 

1987 I s l  Edttlon 218 pages 
LIT-2722 ound $14.95 

PUTER N €  
ICES 1-4 

ARRL COM 
CONFEREN 
Pioneer Papel 
Wrlnen dur~ng thc IUIIIIUO~IIYC. )1.615 UI T~L.UI UCYI 

these papers (too numerous to mentlon them all) c 
pracrlcal appllcat~ons, protmls. software and hart 

ClWIIrnIII. 

over: theory. 
lwan sub- 
i of all pub- 
Irer. As btg as 

lects YW also gel a complete upto date collut~ol 
lhshed ' Gatewav' . the ARRL Packet Rad~o nfwslel 
the ARRL HANDBOOK r 1985 over 1000 pages 
[LIARENC ound $17.95 

. ~ 

JTER NETH 
ICE PAPER 

5th COMPl 
CONFEREI 
I IAR-CNC5 

6th ARRL ( 
CONFEREI 
August 1987 
i IAR-CNC6 

bound $9.95 

7th ARRL ( 
CONFEREh 
LIAR-CNC7 

ICE ~ :1988  

IN I HUUUI; I IUN I U lWI;Kt I H A U  
by Phll Andenon. WOXI 
Thls bwk contatns a broad overwow of packet radl 
ner Simple techn~wldlscusstorlsaredeslgned t o~n  
the beginner 1988 58 pages 1st Edttton 
LIKT-IPR SoRbouna S2.95 

P#CKET ca 
b y  Buck Roge~ 
Thls book IS a baslc lmk at packet rad~o han HIE instde out Slmllar 
commands are grouped together wrlh stmple easy-to-understand 
explanattons ' 1908 58 pages. 1 
L IKT-PC 

hDVANCED MCKET 
by Buck Rogers. K4ABT 
rhts book looks at me more advanced s~de of packet operahon 
ncludes 24W baud data transfer. FAX and WEFAX. packet clus- 
ter ~nlormason and more u 1988. 58 pages. 1st Edltlon 

IKT-AP Soflbaund $2.95 

7 

SUPER PERFORMANCE RATTERIES 
SUPER lCOM SUPER YAESU 

SUPER ICOM BP-7s. 13 2 volts. SUER YAESU FNB-4SH. 12 volts. 
900ma. double Ihe capaclty of the IOOOma, double the capacity of the 
lcom BP-7. 5w output. Yaesu FNO-I. 5 watt output Rap~d 
SUPER ICOM BP-8s. 9.6 volts. charge only $71 00 
1200ma. 50°/~ more capacity than the SUPER YAESU FNB-3.3, 9 6 volts. 
lcom BP-8 12nOma. t r~ple the capaclty of the 
Both are rap~d  base charge only, or Yaesu FNB-3. 3.5 watt output. Rap~d 

s l~de In wall charger. 4 Inches or wall charge $60 00 
high BP-7s or BP-IS. $69.00 Both are perfect tor the 03. 09 and 

SUPER KENWOOD 727 serles rad~os and are 4 ~nches 
high. 

SUPER KENWOOO PB-25SlPB-26s. Inserts lor: 
8 4 volts. 900 ma. double the capacl- Kenwood PB-25. 25H. 26 529.00 
ty 01 the PB-25lPB.26 lor Ihe 25001 
2600,3500,3600 Charge with Exact replacement FNB.2 Nicad pack lcom BP-3 522.00 

the standard wall Charger or drop In tor Yaesu FT-404Rl207Rl208Rl708R lcom BP-5 (500ma) 530.00 

$27 00 lcom BP-7 (500ma) $35.00 
charger 3 Inches hlqh $65 00 lcom BP-8 534.00 

Add $4 00 shlpplng & handltng tor llrst pack CT restdenls add 7'hK tax 
Complete line 01 NlCAD packs for Icom. Kenwood. Yaesu. Tempo. Santec. Alden. Cordless Telephones. 
Alkaline. Nlcad. and Geli-Cells. All NlCAO packs ~nclude a 1 year guarantee. Commercial Radio Packs also 
avallable 
For all your battery needs, write or call today tor a complete catalog. Dealer lnquirles lnv~ted 

Made by Hams tor Hams 
SEE YOU AT DAYTON 

m 
: : i l l l ! ! m M  inem 

V M  149 Palmer Road Southbury. CT 06488 

(800)  6 3 4 - 8 1 3 2  In CT ( 2 0 3 )  2 6 4 - 3 9 8 5  

DIGITAL COMMUNICATIONS 
WITH AMATEUR RADIO 
~ p e c l a l  AEA edlUon by J im  Grubbs, K9EI 
Starts wlMa baslc rev~ewold~g~lalcommunlcahorni 
and lncludPsacompletedexr~Dnon olwhatpacketra 
INCs, operating modes, network~nqareall tully coverea Ineasy tw 
lndestand termln 
and lnterestlngorl 
pages 
LIAEA-PKT 

ology. Also cove! 
ganlzahons youc, 

'ed are accessorlt 
anloin. '1988.1 

Sotl l  

Please enclc hmd l lng .  h lpp lng a n d  

LDIO 
"-DKSTOR 

ille, NH 
(603) 871 

mu1 
Greenv 
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ST-8000 HF Modem 
Remi HF radio kbprlnter slgmrls exhib 
fading and distortion, requirements that 
measured by standard constant amplitude ~ t l i  ana 
distortion test procedures. In designing the ST-8000, 
HAL has gone the extra step beyond traditional test 
and design. Our noise floor is at -65 dBm, not at -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 

r phase 
the input 
.I Thin 

~rtion, not sharp-skirted filters with higt 
~rtion. All signal processing is done at 

.,. .3 frequency: heterodyning is NOT u s .  .. ..- 
avoids distortion due to frequency conversion or 
Introduced by abnormally high or low filter Q's. 
Bandwidths of the input, MarkISpace channels, and 
post-detection filters are all computed and set for 
the baud rate you select, from 10 to 1200 baud. Other 
standard features of the ST-8000 include: 

8 Programmable Memories 
Set frequencies in 1 Hzsteps 
Adjustable Print Squeich 

*. Phase-continuous TX Tones 
Split or Tranxeive TXIRX 
CRTTuning Indicator 
RS-232C, MIL-188C. or lTL Data 
8,600, or 10KAudio Input 

Signal Regeneration 
Variable Threshold Diversity 
RS-232 Remote Control I10 
100-1301200-250VAC, 44-440 HZ 
AM or FM Signal Processing 
32 steps of MIS filter BW 
Mark or Space-Only Detection 
Digital Multipath Correction 

FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter PTT Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squeich 
Receive Clock Recoven/ 
3.5" High Rack Mounting 

Write or call for complete ST-8000 specifications. 

"T 
HAL Communications Corp. 
Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
(217) 367-7373 TWX 910-245-0784 
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MEGA WATTS. It's the only HT with a 37 tone because everything is standard. 
Alinco's new DJ-500T hand encoder/decoder as standard That includes our exclusive two 

held dual bander really puts out. equipment. You get cross band/full year limited warranty. 
Like 6.5 watts with the duplex operation. Twenty memory Alinco's new DJ-SOOT hand 

optional 12 volt battery. Or our channels (10 apiece on VHF and held dual bander. Mega power. 
standard 3.5 watts VHF and 3 UHF). Programmable offsets. A Mega performance. 
watts UHF with a local power single memory 16 digit auto dialer Call (213) 618-8616 for your 
setting of .5 watts. No other HT and modifiable CAPIMARS nearest local dealer. 
delivers such power. capabilities* +Pcrm,t rqu~red. 

The DJ-SOOT also comes with In short, the DJ-500T comes 
without any high priced add ons ALINCO 

2OIOS  Swtl,Uk*rn A- . SR 0 4 .  b m m ,  CA W S O I  
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Ll (in pH) = (9/100)2 x 120 
= 0.972 pH 

Therefore, the inductive reactance at 3.5 MHz is: 
XI = 27  x 3.5Ex106 X 0.9RE x 10-6 

= 21.4 ohms (5) 

This falls far short of the requirement that XI be "large" in 
relation to Rb, which In this case was 135 ohms. 

You can quickly calculate the resistive component of Za 
seen by the transmitter by referring to Figure 3A. RbIL1 is 
nominally 138 ohms per pH. Using the curve for 150 ohms 
per pH as a gu~de, you can interpolate that the resistive part 
of ZaIRb at 3.5 MHz is nominally 0.075. This makes the resis- 
tive ratio of Za to Rb 1:13 - a far cry from 1:4. Additionally, 
the input resistance seen by the transmitter is close to 10 
ohms. 

Find the reactive component using Figure 36. By pic- 
turing a curve between Rb/Ll=100 and 200 you can esti- 
mate the reactive component ratio to be nominally 0.1. That 
is, 0.1~135 ohms=13 ohms. This means that at 3.5 MHz, 
the 135-ohm resistance is "reflected" to the transmitter as 
10 ohms resistive plus 13 ohms reactive. Note that the reac- 
tive element is inductive. All in all, mine was not a success- 
ful venture. 

Developing a workable design for an 
end-fed wire 

Your next step is to design a functional transformer for 
this antenna. According to Figure 3A, you need an RbIL1 
ratio of less than 15 ohms per pH to get close to a 1:4 
impedance ratlo at 3.5 MHz. Because Rb is equal to 135 
ohms, L1 must be larger than 135/15=9 pH. Figure 38 
shows that the reactive component at 3.5 MHz is 
0.04x135=5.4 ohms, which is probably acceptable in rela- 
tion to 33 ohms resistwe. Use the relationship for iron pow- 
der toroids to find the number of turns required: 

-- - - -- - 
Turns = 100 x d(desired Ll in pH/Al) 

= I00 x m) 
= 224 turns (6) 

Note that each turn IS blfilar consisting of two wires. Get- 
ting 55 single turns of no. 12 or 14 enameled wire on a T- 
200 core ~sn't possible. My own experience is that 15 bifi- 
lar turns is a practical maximum. 

If you are confronted with the same problem at 7.0 MHz, 
look at Figure 3A and you'll see that an RbIL1 of 25 ohms 
per pH is sufficient. Consequently, L1 must be a minimum 
of 135125=5.4 pH. I calculated the number of bifilar turns 
to be 21. 

Now that I've gone through an analysis and design exarn- 
ple, I'd like to offer some generalizations: 

On 3.5 MHz a ratio of RbILl of 15 ohms per pH 
IS adequate. At 7 and 14 MHz, ratios of 25 and 
50 are adequate. Clearly, a broadband trans- 
former designed using these criterla for one band 
will also perform on the higher ones. 

So far I've considered an Rb of 135 ohms. We hams are 
usually interested In transforming Rb values on the order 
of several hundred ohms, and I concluded that the T-200-2 
is very difficult to use on the lower HF bands. More than 
21 bifilar turns simply don't seem to fit and I'm suspicious 
of parasitic capacitance; however, there's an easier alter- 
native. 

I FREOUENCY (MHz1 

Graphical analysis of Equation 7. 

want to experiment with a toroid, the FT-240-61 might be 
a good prospect. 
Consider a 13-bifilar turn arrangement at 3.5 MHz: 

LI (in mH) = (turns/1000j~ x A1 
Where A1 is In mH per 1000 turns. 

(7) 

LI (in m f f )  = (/3/1000)2 x 49 (8) 
= 8.28 pH 

Assumlng Rb IS 135, the RbILI ratio is 16.3 ohms per pH. 
Using the RblLl=15 ohms per pH curve in Figure 3A as 
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5-1 000 MHz PREAMPLIFIERS 
NF G P(l dB) $ 

WlA2OM' 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 1 1  20 82 
WLA26M 6 21 24 199 

Add U lor SLH; 3 W  1-500 MHz 

I WllAM TECHNOLOGY, Di .  of 

I W-COMM ELECTRONICS INC. 
Box 5174. MASSENA. N Y. 13662 

(315) 769-8334 

WHAT'S THE BIGGEST 
ISSUE IN HAM TV TODAY? 

THE NEXT ISSUE OF 
AMATEUR TELEVISION 

QUARTERLY 

ACCURATE reporting 
TECHNICAL information 
VALUABLE content 
QUALITY production 

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

1545 Lee Street, Suite 73 
' Des Plaines, Illinois 60018 

(312) 298-2269 

BLACK DACRONm POLYESTER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE 6 UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

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

Dealer lnqu~r~es lnvlted 

2472EASTMAN AVE . BUILDING21 synthetic VENTURA. CALIFORNIA 93003 
textilesinc. 1005) 658.7903 I 

GALLATIN 
RADIO SUPPLY 

Expert repair of Ehrhorn ALPHA 
76A, 374A, 78 and 77D series 
amplifiers. 

Also specializing in state-of-the-art 
repair and modification of the Collins 
K W M I H F - 3 8 0  series radios. Latest 
up-dates available. Factory 
Authorized. You won't believe the 
improvement in your radio when it 
gets back! 

Call tor more intonnation 
or to schedule your work. 

Gallatin Radio Supply 
Attn: Kirby Van  Horn 

P.O.  Box 60064 
Houston, Texas 77205 

(71 3) 320-2324 

Authorized MADISON Electronics repair facility. 
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formers changes the impedance to 600/16=37.5 ohms, 
which is "close" to 50 ohms. Note that the Rb seen by the 

J t I 3 O '  ( 3 9 6 m l  WIRE 

o w  

TO TRANSMITTER 3 '1 
second tranformer is 600 ohms. To meet a requirement of 
RbILl greater than 15, L1=600/15=40 pH (or 0.04 mH). The 
number of bifilar turns on a ferrite rod are calculated by: 

Turns = lo00 X m) 
= 28 5 biJilar turns (57 conductors) (9) 

This is tight, but not impractical. But the 58 bifilar turns (116 
I 

,,, 
I conductors) that would be required on a F200-2 powder 

iron toroid, are simply not poss~ble. 
Using a noise bridge I determined the impedance of a 130-foot end- Note that the first transformer sees an Rb of 600/4=150, 
fed wire Was n~minally 135 ohms resistive. The transformer reflected This tranformer can be implemented simply by using the 
this to present a 13514 = 34 ohms load to the transmitter. 13 turns on a ferrite rod discussed above. 

- 

6 0 0  OHMS 

For large impedances two 1:4 transformers may be cascaded to real- 
ize a 1:16 impedance transformer. However, the inductive reactance 
of T2 must be large in relation to the load impedance. (See text.) 

Ferrite toroids appear to be the answer. Unfortunately, 
they're relatively expensive and more susceptible to core 
saturation. I focused on the R61-050-750 ferrite rod; ~f you 
want to experiment with a toroid, the FT-240-61 might be 
a good prospect. 
Consider a 13-bifilar turn arrangement at 3.5 MHz: 

IJ (in mH) = (turns/1000)2 x A1 
Where A1 is in mH per 1000 turns. 

(7) 

L,l (in mH) = (I3/1000)2 x 49 
= 8.28 pH 

Assuming Rb IS 135, the RblLl ratio is 16.3 ohms per KH. 
Usina the RblL1=15 ohms rser uH curve in Fiaure 3A as 

Observations 
Plots of the resistance and the reactance seen on the "a" 

side for a number of different 1:4 transformers terminated 
in 200 ohms are shown in Figures 6 and 7. Using a noise 
bridge, I found that actual resistance measurements agreed 
closely with this theoretical performance. 

The results speak for themselves. If you want to match 
several hundred ohms on the 40 and 80-meter bands, 

3 5  1 6  5 8  6 9  8 1  92 I 0 4  115 127 138 
FREQUENCY (MHz1 

Resistive component response for various transformer materials. 

a gu;de, you can calculate ihe iesistive ~a1~b"rat io at 3.5 
MHz to be 0.23. This means the resistive portion of Za seen 
by the transmitter is 0.23~135=33 ohms, very close to 
13514. The reactive component, taken from Figure 38, is 
less than 5 ohms. 

As the frequency increases, the 2nfL1 becomes increas- 
ingly larger in relation to the Zb of 135 ohms, and the trans- 
former operates correctly as a 1:4 transformer. The finished 
product is shown in Photo A. 

Using cascaded 1:4 transformers for 
matching to larger impedances 

You can modify this basic approach to match 
impedances exceeding 400 ohms to a nominal 50 ohms. 
See Figure 5 for the circuit. 

Consider a 600-ohm feedpoint impedance. A 1:16 imped- 

5 , 

3 5  4 6  5 8  6 9  8 1  9 2  10.4 115 127 138 
FREQUENCY ( M H Z J  

ance transformer consisting of two cascaded 1 :4 trans- Reactive component response for various transformer materials. 



anywhere close to one quarter and there's a substantial 
reactive component. On the other hand, the ferrite rod gives 
pretty good performance as a 1 :4 arrangement across the 
HF spectrum from 80 meters up, and it might prove usa- 
ble on 160 meters. 

This doesn't rule out the T-200-2 as a matching trans- 
former. You could null out the reactive component with a 
series capacitor, and use the "1:4 tranformer" to achieve 
the ratio you want by controlling the number of turns. For 
example, if you have a 300-ohm terminat~on that you want 
to reflect as 50 ohms at 7.0 MHz, 50/300=0.167. Using Fig- 
ure 3A, locate the po~nt at X coordinate (7 MHz) and Y coor- 
dinate (0.167). 1 estimate that an Rb/Ll of nominally 130 
ohms per pH passes through this point. Therefore 
L l  = Rb/130=300/130=2.3 pH. Using a T-200-2 iron powder 
toroid: 
Turns = I00 X q2.3/120) 

= 13.8 (10) 

To determine the reactive component use Figure 38. At 
7.0 MHz and Rb/Ll=130, the reactive ZaIRb is nominally 
0.11. Therefore, Zb reactive=0.110x300=33 ohms. This 
inductive component might be nulled by using a series 
capacitor on the "a" side: C=1 / (2n~7~106~33)=688  pF. 

Such an arrangement will probably work well across the 
40-meter band. However, it won't work on higher frequency 
bands. You're simply using the deficiency of the 1:4 arrange- 
ment to obtain a 1:6 match at a specific frequency. 

Use of 1:4 transformers with ladder line 
Using my new-found knowledge. I set up the circuit in 

Figure 8. 1 put two 1:4 transformers (like the ones mentioned 
above) back to back. A 100' length of 450-ohm ladder line 
stretching out the back door, around the house, in the front 
door, and back to the shack provided me with access to 
both the "transmit" and "antenna" sides for power meas- 
urements. 

Theoretically, the 50-ohm dummy load is reflected (trans- 
formed) as 200 ohms, and on the other side of the line the 
200 ohms is reflected as 50 ohms. This results in a rela- 
tively high VSWR on the transmssion line, but relatively lit- 
tle power dissipation. 

The results seemed too good to be true. The loss in the 
transmission line from the low end of 80 meters through 
the high end of 20 meters was less than 10 percent - 
including the two transformers. Viewed at the transmitter 
side of the arrangement, the SWR was better than nomi- 
nally 2 : l .  On 160 meters the SWR was high, but correcta- 
ble with a tuner. Even on 160 there was relatively little trans- 
mission line loss! Results on the 15 and 10-meter bands 
were difficult to interpret; this might be due to a less than 
ideal dummy load. 

I have subsequently run tests on various lengths of lad- 
der line and seem to be able to repeat my results. This leads 
me to conclude that most of the lost power IS dissipated 
in the transformers. However, the efficiency of each trans- 
former appears to be 95 percent. 

Putting it all together 
My next step was to apply this "discovery" to feeding 

dipole antennas normally fed with 50-ohm coaxial cable. 

1 0 0 1 ( 3 0 . 5 m J  O F  
4 5 0  OHM LADDER LINE 1 SO DUMMY OHM 

TO 

I WATTMETER WATTMETER I 
Two 1:4 transformers were connected back to back on the two sides 
of a 100-foot length of 450 ladder line. Ninety percent of the power 
delivered by the transmitter wlth a 50-ohm output Impedance was 
delivered to the dummy load for 160 through 20 meters. 

r - 4 5 0  OHM LADDER 
LlNE FEED (ANY 
LENGTH J 1 

TO 
TRANSMITTER '4 

It appears feasible to feed 50-ohm loads using any length of lad- 
der line terminated at each end with a 1:4 ferrite rod transformer 
over the HF bands from 80 meters and up. Note that the ladder line 
is balanced, transmitter ground is applied at the center of the 
transformer. 

My previous attempts to feed dipoles with ladder line had 
drawbacks. One of my techniques involved terminating the 
ladder line directly at the center of the antenna, and on the 
transmitter side using a tuner capable of assuming differ- 
ent configurations. This let me load the antenna with "brute 
force."* The technique worked well, but I'm a firm believer 
in having a lot of antennas and I can't afford the space or 
money necessary to devote a tuner of this type to each 
antenna. My other technique was to use a delta match con- 
sisting of wires fanning down to meet the transmission line. 
I never had much luck with this method, and the family was 
forever getting entangled in wires that fell from the sky. 

The arrangement in Figure 9 has proven successful in 
feeding simple antennas without a tuning arrangement. The 
1:4 transformer between the rig and the transmission line 
is an unbalanced-to-balanced arrangement, and ground 
is fed to the center of the transformer. The second trans- 
former is mounted at the center of the dipole. 

The results have been good. I've used this approach with 
standard dipoles on 80, 40, and 20 meters. The 40-meter 
dipole also performed well on 15 meters. Figure 10 shows 
summarized results. In all cases except on 80 meters the 
SWR was better than 2:l across the entire band. Using a 
very simple fixed series Llfixed shunt C tuner arrangement, 
I was able to obtain a match of close to 2: l  across the entire 
80-meter band. 

'Both matchlng techniques are discusst?~l 1 1  tlctail In Doug DeMaw's book WlFBk Antenna Not? 
book. ARRL. 1987 

58 Ham Radio/May 7989 



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

Meet Your Mailman 

I n  this agk of telco LANS, E-mail and FAX, 

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 HF baud rates from 50 through 300! 
And there are three new mailbox commands: 
List Mine, Read Mine and Kill Mine. 

and Tomorrow ... 
Will t h e  Real Dual-Port 
Please Stand Up? 

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

Personal Packet Mailbox'" is accessible from 
both HF and VHF! Version 2.85 has dual-port 
compatibility with RLVMBL boards and KISS 
mode for both ports. You can monitor HF and 
VHF packet operations at the same time. 
Users can even gateway from HF 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 Kanrronics 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 ~ a i l b o x "  when your KAM "STA LED 
is blinking. New firmware level 2.85 has also 
added a handy automatic mailbox user- 

KZ Kantronics 
R F  Data Comrnun~cat~ons Spec~a l~s ts  

Packet Clusler ' IS the copyf~ghted software of Pavllllon Software 
KAM '. All.Mode -. KA.NODE -.and Personal Packet Mallbox - .  

are trademarks of Kantron~cs Company. Inc 

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



Sixteen Ww l b  Start 
1 AGreat Cornersation. 

3 Interchangeable HT 
options. 'li) hOll) SilV(' YO11 il 
t ) ~ r ~ l c l l ~ $  of money nlilny MT 
opt ions ilrc it\tclrc.hangcat)lc 
tliroufihout Xiucsu's HT li~lo. 

Clloose t h ( ; ~ ~ ~ - l 2  12-volt, 500- 
mr\h hilttcry ~);lck.Tl~r mitliaturr 
FNH-9 ;2-volt, 200-mXh bi~ttrry 
pack. FRA !1 t~attery case li)r 
(i AAA-size cclls. FHA-10 t)attcry 
case for t i  Ai\-size cells. DC car 

and 70 cm(10 watts on 6 mctcrs 
and 1.2 (;Hz). 100 mcmorics. RF 
spcevh proctxor. IF shift. IF notch 
fiIt~r.C11'and Fhl widr>/narrow IF 
fi1tc.r~. !.OX. Noise t)lanktlr. Throcl- 
posit ion AGC select ion. llrrcll more. 

Mobiles that double as 
answering machines. Orrr 
F'l' 2121i Sor~(ls ~~ io l ) i l (~s  
take mt~ssagcsjrlst like an 
answering machine (wit11 

singeb formance. \i:,~c,su's compact, 
2 rnchtol. FT-411 gives"sophisti- 
catcld 1-IT operat ion" a whole FM Repeaters. Looking for a 
new meaning.M'ith 49 men~oricbs. rcy)ei~tcbr:' 1,ook n o  furth(1r. 

Ilual VFOs. Krlyhoard frcqlrency (lrlr 2-meter and 440 hll-Iz 
entry. Autonlat i c d  ropoaler sl~ift . 
DTMF autodialer (10 
15 digits cacll). Built-in PL 
t~nc~odcldccodc. Extended 
receive. "Do-re-mi" audi- 
hie command verification. 
Hacklit display and key- 
pad. Bat tery saver. Auto 
matic power-off feature. Rotar! 
c-hilnnol st~lcrtor. 2.5-watt I~attcry 
pack (optional 5-watt pack avail- Mobiles you can take on foot. 
ablcl). Much tnore. Our FT 2!)OR \lark I I  St~rios 

ti-meter n~otlcls) come stan 
dard as  mohilcs. Rut rrniove 

\'FOs. LCD display. Ol'f\ot trrn~ng. 
Rclativrl power-outpr~t / 
S meter. Mom. 
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Flex your RF muscle. Cut 
through piltn nps wit t i  our 
FL-'7000 power iimpllficr. 160 
to 15 meter coverage. Built-in 
power srrpply. Arrtomatica 

trrrlclr. Fast turri;lrourld for hrc;lk-in 

' I  I 0 1 1  I I I I ~  I S ~  p 
i i11~\{ 11(1rv-t 110 " l ) rai~~s" on for ktvping I I ~  with tho 
vorlr tlnsli, visor, or door, I he world. Cant inrrous cboveragc 

~~~l~usc ic" i~nt lc rvour  s ea t  50 watts froni 150 K H z  to :30 M H z .  
outprlt on 2 meters, 40 watts on '70 
cm Full cross1)and duplex. Sirnul- 
tallrous monitoring of each \)and. 
\i)lumc halanctl corltrol for dr~al 

k H z  to :I0  MHz. LSB, ITSB, 

most towcr-plate configurations. 
Plus (; 1000SI)X arid C 80OSDX 
niotlcls fwt uro 450' rotwt ion 

AZ-EL rotators for space 
applications. Into OSCAR 

fl 152 

1 1:11511 1 5 1  17:1 K ~ l i i : 1 1 , 1 ~  1:.1ll, 1'vrrills.lI !li:lll (:I:{ 1 1 1 1 1  27iIII. 13nrhtln. In f~ l :  ( 1 l l O l ! I l l ! l  2llill. Repair Sewin,: ( : l : l I l i l l  1SS1 Parts: ( i l i i  l0. l  1117 



KLM World Class Antennas. 
..... . KT34A .... 15395.0() KT34XA $585.00 

VHEUHF. & OSCAR Antennas. 

hy-gain antennas & towers 
I Tribanders 

TH7DXS Explorer- 14 THSMkIlS 

1 Monobanders 
204BAS 203BAS 205BAS 
155BAS 153HAS IOSBAS 
I03BAS 64BS 66BS 

VHF, OSCAR, & VERTICALS 
CALL US FOR HY-GAIN EQUIPMENT! 

TOWERS 
Crank-up, self-\upp~rt~ng. galvanized steel towen 

"SS" xnes rated at 9 ft2: "HD" sene5 rated at 16 ft2. 
H(;-37SS H(;-52SS 
H(;-MHD HG-7OHI) 

1- ANTENNAS TOWERS - 

We && KLM HF Monohanders! 

BUTTERNUT 
HFhV Vertical HF2V Vertical 
RMK I 1  rcwf mount kit, STR 11 radial kit, 
WAKC resonators. & TBR- I60 co~ l s .  

HFSB Compact Beam. 

CUSHCRAFT: 
Mhander Special! A.U & A 4  ....... 6259.95 15339.95 

, A741 & A744 3015(1 meter &-cm kit\ availahle. 
Verticals: AVJ. AVS, and the new R4 nnd APRX 
Monohandea: For 10. I?. 15. 20. and 40 meten. 

' / VHP X. UHF: Antennas lor FM; SSR & CW. OSCAR. 
1 hl7-hH. A50-6. & ASO-5 for 6 Meter Opening\! 
I 421XXl. &3219 for 2 Meter DXlng. 
' Addltlnnal Roomers tor 220 and 332 MHz. 

i OS('AW & ATV antennab. 

I f  you need a CUSHCRAFT anlenna. we can supply it! 

ALPHA DELTA 

ROHN 
Sell-suowrtinn: Rated (ft2). HDBX-18. HBX=IO: BX=6 

Cialv.111td steel haw and rotor plate 
Todays hest tower huy! I.rc~ght add~t~nnal hut you save 

with our volume \h~ppr 's d~\count! 
HBX40 ......... $249 05 tlDRX40 ......... $31 S.(K) 
HHX4R ......... S3390O HOBX4X ......... S424.W 
HHXSh ......... S435.(W) HX ffl ............... $469(10 

(;uvcd Complete packages & component! 
Sectlon\:?S(i. $59 00 4SG .$139.(Wl SSG..S179.00 

Call us fur all your ROHN requirernenls! 
Fold-over towen: 

........ ........ FK2.548 S I 125 (K) FK4544 S 1485.(10 

........ ..... FK2SSX $ I  195 (K) I-K4554. SIS9S.(YI 
... ... FK256R f lZ>S.(K) FK45 ffl.... 61695.00 

Ihcc*  10c4 htphcr tn wrrlcrn \late\ 

Tower Hardware; 
(iuyu~re. ~ I I h I . t lS  / IIJEHS. . . . . . . . .  SO 15N).IX 
C('M Cahle Cldnip\ 3/16 / 114 ......................... 60.39A1.49 
Turnbuckles: 3/X"E&E Rr FLQJ ........................... $hh95fl.95 

I/?"C.&E & ILQJ ................... .$1295/13.9! 
Preformed "Rtp Grip," 3 I I M  114 ................ S2.49R.W 

............................... Guv lnsulaton: 5001) 1 SO? S I.6912.W 
DX-A .... W695 DX-DD ...W. 95 DX-KT ... $27.50 . . 
DX-CC ... S7U95 Switche\ & Tran\i-traps In stock! 

III 'T(i~?l(Nl/ - 4 l l l l I  -67lHl('~hle .SO 30/0.50/0.701ft. 

HUSTLER: ' C'ahle en& and ~ I I I I ~ ~  ~ o m p u n d  ~n rtcr-L. 

~ B T V .  Strrv.  ~ 6 - 1 4 4 ~ .  ~ 7 . 1 4 4 .  ci7-220 WIRE & CABLE - 
Complete mobile systems. CAI.L! 

HE:I,I)EN COAX: 
...... '1913 l.ou Ill\\ %047/ft. RG-XX(Y?SX).. ..SO 22lft 
...... MOSLEY: Specialson TA-33. TA-?4.CI.-33. Pro-67! ~( i -?13/11(~2671 048 KG-I IARI(X2hl) 0.43 

...... u~-xRI(X2371 0 3X KG-SXAN(X?591. 0.17 
..... ...... - ROTORS - RG.XN(X214I 042 RC;-S~lIU(X?41 1 (1 I X  

........... R(;-?14K:(X?681 $2 NVlt 

<;J(NV4(XlK(' COPPERWELD ANTENNA WIRE: 
Solld: I2  ga ... 0. 12: 14 pa.. O.(W. Stranded 14 ga ... O.IO/ft 

t i A M  I V  
('I) 45 11 

ROTOR CARLK: 
... Svl.(&2?. 2-18) ...%XI 21 Hvy Dty(6-18.2-16) $0 3Hlft. 

I 
HD-73 11-110 We stock Andrew Heliax & Connectors. 

Full line of Amphenol connectors. 

ALINCO-AMERITRON-AMP SUPPLY-ANTENNA SPECIALISTS-ASTATI 
KANTH0NICS-LARSEN-ME'J-MOSLE:Y-PALOMAR-SANTEC-SHUI 

7361 VHF-UHF TRANSCEIVER ~ 
The new standard tn VHb-UHF pdormance. 

Call u* for all YAhSlI equipment: 

HF TUANSCEIVERS MOBILE UNITS 
HANDHtLDS AMPLIFIERS 

YK'! WE STOCK ACCFSSORIES. 

TEN -TEC , #  

I 

MODEL 561 CORSAIR I1 
1 

I 
OTHER TEN-TEC PRODUCTS: 1 

Mn f r l  5x5 Paragon 
M ~ I e l 4 2 5  Titan 1.1near Anipl~fier I i 
Mcdcl ??9R Antenna Tuncr I ~ 

Mohile Antennas! Metal Pmjcct Roxa. I 

AMPLIFIERS & TUNERS i /  
AMERI'I WON 

NYE: -Vlh;lN(; MH-V-A 

rf concepts AMP SUPPLY 1 

.... ....... .... RS-4A 5 2995 RS-7A S 49.95 RS-I2A S 69.95 
..... ....... ..... RS-?OA RX.95 US-3SA 139.95 RS-SOA I W . 9 . 5  
.... ....... ..... US-2OM I(W.95 RS-3SM 150.95 RS-SOM 219.95 I 

.... ........ ,.... VS-?OM 124.95 VS-3SM 174.95 VS-5OM 232.95 1 

NEW, RFE is now stocking 1 
L IIX Equipment 

1-RENCHER-B& W-CREATE-DAIWA 
:E-TONNA-WELZ-AND MORE 



* L A W E I  LIME FEED 
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rx 
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Three separate dipoles (80,40, and 20 meters) were erected, each 
with separate feeds consisting of ladder line terminated with fer- 
rite rod transformers. The 40-meter dipole was also used on 15 
meters. Performance on 40,20, and 15 was excellent with an SWR 
consistently less than 2:l across the entire band. No tuner was 
required. On 80 meters, the bandwidth was relatively narrow and 
a very simple tuner consisting of a series L, shunt C was inserted 
on the transmitter side of the transformer. 

One of the beauties of ladder line is that it's relatively loss- 
less. Most of us don't have enough property to run 500 feet 
from the shack to that ideal antenna location - but some 
may, and this is the way to go. 

Many hams want to ragchew on 3.9 MHz and also work 
CW or the DX wlndow on the low end of the band using 
the same antenna. This poses a problem when feeding an 
80-meter dipole with coax. You must choose a compromise 
resonant frequency and use a tuner for frequencies far 
removed from it. You can measure full power at the tuner, 
but the loss in the coaxial feed will be high. By using the 
ladder line in cohjunction with the 1:4 tranformers at each 
end, you can use a tuner on the transmitter side of the trans- 
former and have confidence that most of the power is reach- 
ing the antenna. 

NO RADIALS! 

NO COMPROMISE! 
FOUR EXCELLENT REVIEWS ]US1 

D O N ' T  HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 

"+st% rtbvlc'\r I n  Ocl 73 I ' IRJ "q>l - 3  lqR5 
'M.irch 73 1ORh ' D r t  RR CQ 

BlLAL C O M P A N Y  
@ 137 Manchester Dr. 

Florissant, Colo. 80816 
(719) 687-0650 

I've run all my dipoles at 700-watts output CW for several 
months with no evidence of flashover, saturation, or core 
heating. Even so, use some care. Attempting to load an 80- 
meter dipole on 40 meters presents the transformer with 
an Impedance of several thousand ohms. Thls results in very 
high potentials, which may saturate the core and cause the 
windings to flash over. 

Construction notes 
The deslgn which uses 13 turns on a ferrite rod has 

become my standard 1:4 transformer for impedances less 
than 400 ohms. The designs intended for indoor use may 
be either self-supporting or mounted on any miscellane- 
ous mlni box. The outdoor design is packaged in 314" PVC 
pipe. I used epoxy to secure the end caps and sealed the 
seams externally with RTV silicone. I fastened the entire 
assembly to a conventional ceramic insulator using cable 
ties. 

Electrical parts are relatively easy to find. But I would stay 
away from miscellaneous torolds sold at hamfests. The com- 
puter industry manufactures many types of toroids to sup- 
press the electromagnetic interference caused by high- 
speed sw~tching noise, and these seem to have flooded the 
market. They are not suitable for thls transformer applica- 
tion. There appears to be no standard color coding of fer- 
rite toroids; unless you have a lot of faith in the seller, I 
wouldn't waste my time. 

Three Ham Radio advertisters carry toroids and rods: 
Amidon. Palomar, and Radiok~t. Amidon and Radlokit also 
carry the Scotch no. 27 glass tape I used to bind the two 
conductors tightly together. They also have a complete llne 
of heavy ThermalezeTM insulated wire: I used 14 gauge. 

Summary 
I've provided a way to design and analyze 1:4 imped- 

ance transformers and given examples of some success- 
ful designs. I've had great success feeding dipoles with lad- 
der line In the same way I'd feed them using coaxlal cable. 
The materials are inexpenswe and readily available. You 
don't need special tools, exotic metalwork, complex 
instrumentation, or large amounts of mon'ey. Give these 
designs a try, extend them to other types of antennas, and 
let me know your results. Q 

I I UNIVERSAL BRIDGE NEW! 
The clrrsic "Antenna Rible" 

now in a thaoughly-revised, much-enlarged 
edition 

ANTENNAS 
2nd edition 

by John Kraus, WWK 
Ohio Slate 1;niverrity 

Coven both theory and its appllcattons to practical 
systems. Over 1000 lllustrat~ons and nearly 600 
worked examples and problems. Over 100 new 
topics. Complete with des~gn formulas. tables and 
references 

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

CYGNUS-QUASAR ROOKS 
P.O. Rox 85, Powell, Ohio 43065 

TeL 614-548-TI95 

mtary  u n  measures re- L*Ge,M 
slstance 0 1 ohms to 11 
megohms, capacitance 
0 1 of to 1100 mt. and ~n -  . -- 
ductance 0 1 uH to 1100 

' 

Hy Range 0 1-10 KHz. ^ * 
with eye lube and pal- 1 .. &Oa, , 

vanometer. I -- 
10.5x11.5x11. 23 Ibs sh. 

..................................... Used-reparable 390 
............................................... Checked ,5125 

............................................... MANUAL.. $1 0 

Prlcss F.O.B. Llma. 0. . VISA, MASTERCARD Actaptad 
Allow for Shlpplng - Wrlte tor 1989 Catalog 

Address Dapl, HR . Phone 4191227.6573 





A NOVEL METHOD FOR 

By A. E. Popodi, OE2A PM/AA3 K, Moosstrasse 
d - G n 9 n  Czal7hr ~ r n  dr rctrici 

T he simplest way to determine cable loss is to meas- 
ure the difference between input and output power 
with an RF wattmeter. A more accurate method is 

to measure the cable input and output voltages with an RF 
voltmeter and calculate the cable loss in neDers from the 

Vin formula a = logE- where Vin is the input voltage and VR 
v 2  

the output (load) voltage. Both methods require a power 
source with an output impedance matching that of the cable 
and a known characteristic impedance Zo. Accuracy suffers 
if there is a matching error. Ground currents in the test setup 
can cause false readings. This method becomes very 
unreliable if a is small (i.e., the cable is short). If you want 
to measure the loss of a 2-meter length of RG-213 cable 
at a frequency of 28 MHz using this method, you'll find that 
the input and output voltage differ by only 0.89 percent. 
It's very difficult to make credlble and meaningful meas- 
urements on short cables because of this small inputlout- 
put voltage differential. 

The method I've developed doesn't suffer from this short- 
coming. It's based on the unique properties of an untermi- 
nated, quarter-wavelength transmission line driven from a 
low-impedance source. (See Figure 1.) 

At the quarter-wavelength frequency, the cable input 
impedance (Zin) is very low - typically less than 1 ohm. 
The input voltage (Vin) is at minimum and the cable output 
voltage (VR) is high. Resistor Rs is the source Impedance 
of the voltage source Vo. 

The general expression for the ratio of input to output volt- 
age is given in Equation 1: 

- -  Zo "'" - cosh (a + jp) + - sinh (a + jp)  
VR ZR (1 ) 

TRANSMISSION LINE 

Block diagram of the setup for measuring cable attenuation. 

where Zo is the characteristic impedance, ZR is the load 
impedance, a is the cable attenuation in nepers, and @ is 

the cable length in radians - in our case For the 
2 '  

ideal case of the unterm~nated cable, this expression 
reduces to: 

Using the formula cosh(a + j 6) = cosh a cos 6 + jsinh 
a sin p we have: 

Vin - = j  sinh a VR (2) 

Since CY is a small number, sinh a is nearly equal to a. (For 
example, if a = 0.147 neper, the error caused by this sim- 
plification is only 0.5 percent.) The operator (j) indicates a 
90-degree phase shift between the two signals. Using abso- 
lute values, you have: 

= a in nepers I neper = 8.6859 dB. (3) 
VR 
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Schematic of the complete test circuit for determining the voltage ratio for accurately determining the cable attenuation. 

The cable attenuation in nepers is very nearly equal to the 
ratio of the two voltaaes. As a result. VR mav be 50 times 
larger than Vin, dep&ding on cable loss. ' 

Equation 2 IS only valid if load impedance Zr2 is infin~tely 
high. In practice, you have a capacitive load impedance 
(Zl) and a slightly inductive source impedance (Rs). That 
means you must use Equations 1 and 6 to evaluate the 

Virz effect on the voltage ratio - 
V l  ' 

You don't need a precision RF voltmeter to measure this 
voltage ratio if you use a capacitive voltage divider for VR 
and compare the dlvlded voltage with Vin in a simple volt- 
age comparator. This gives you the advantage of being able 
to make Zin very high. Figure 2 shows the schematic of 
the complete test circuit. 

A signal generator is connected to the input of isolation 
ampllfler Q1 that feeds the emitter follower and cable driver 
Q2. Resistor Rs is a noninductive 1-ohm resistor that 
presents a low source impedance to the cable input at ter- 
minal J1. At the cable output (J2), there is a capacitive volt- 
age divider consisting of a small 2.4-pF fixed capacitor (C1) 
and a 250-pF var~able capacitor (C2). Switch S alternately 
connects Vin (posit~on 1) or the divided voltage V l  (posi- 
tion 2) to a post-amplifier (consisting of emitter follower Q3 
and amplifier Q4) with high Input impedance. The rectified 
RF signal is amplified in operational amplifier U1 that drives 
indicator instrument M. 

You must carefully choose the biasing of transistor Q1 

Component layout of the cable-attenuation test circuit. 

and emitter follower Q2 to avoid waveform distortion in Q2. 
Because the cable output waveform is always better than 
a possibly distorted ~nput signal, voltage comparison may 
be degraded due to waveform differences between the two 
signals. Figure 3 shows a recommended layout for the test 
fixture. 

Swltch S is mounted between connectors J1 and J2. (I 
recommend using a silver-plated brass plate as the mount- 
ing surface in order to reduce the effect of ground loops.) 
It's important that the lead lengths to and from capacitor 
C1 be as short as possible to obtain a frequency- 
independent capacitive voltage divider. 
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Dedicated 17 Meter 
Monobander With 

Dedicated Performance 

17M-3 

ELECTRICAL 
Bandwidth. . . . . . . . . . .  .18.065-18.170 MHz 
Gain. . . . . . . . . . . . . . . . . . . . . . . . . .  .6.5 dBd 
VSWR.. . . . . . . . . . . . . . . . . . . . . . . . . .  .1.5:1 
FIB 20 dB . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Feed Imp. . . . . . . . . . . . . . . . . . . . .  .50 Ohms 
Balun. . . . . . . . . . . . . . . . . . . . . . . .  .4:1, 5kW 

MECHANICAL 

Element Length. . . . . . . . . . . . . . . . . .  .28 ft. 
Boom Length.. . . . . . . . . .  .16'9" x 3"OD. 
Turn Radius.. . . . . . . . . . . . . . . . . . . . .  .17 ft. 
Windload. . . . . . . . . . . . . . . . . . . .  .4.5 sq. ft. 
Weight. . . . . . . . . . . . . . . . . . . . . . . .  .25 Ibs. 
Mast.. . . . . . . . . . . . . . . . . . . . . . .  .2 in. 0.D. 

The 17M-3 is a high performance mono- 
bander for quality installations where larger 
models are not practical or necessary. It can 
be stacked with other beams without over- 
loading the towerlrotor capabilities. Many of 
the superb performance and construction fea- 
tures of the World Class Extra series are yours 
in the 17M-3. 

17 meters is hot now with plentyof DX com- 
ing in. So go ahead, improve your air quality 
with the MiragelKLM 17M-3. 

7 -- 

If not available at your 

M/MGE/KLM P.O. BOX I 000 MORGAN HILL, CA 9~037  
(408) 779-7363 (800) 538.21 40 (outside CA) 

_i 

local 

10 Meters 
3 Ways 

2nd To None 
1OM-6 World Class Extra 

/ 

b 

- 

ELECTRICAL MECHANICAL 
Bandwidth.. . 28-30 MHz Element Length.. . .  18 ft. 

. . .  x 1 MHz Boom Length.. 27.5 ft. 
Gain.. . . . . . . . . . .  11 dBd . Turn Radtus. 16.5 ft., 8 in. . VSWR. . . . . . . . . . . .  1.5:l . Windload. . . . . . .  4 sq. ft. 

. . . . . . . . . . . .  • . . . . . . . .  FIB.. 30 dB We~ght . .  29 Ibs. 
Feed Imp.. . . . .  50 Ohms Mast..  . . . . . . . . . . . .  2 in. 
Balun.. . . . . . . .  .4:l, 5 k w  

10M-4 
-- 

/-- 

ELECTRICAL MECHANICAL 
Bandwidth.. . 28-30 MHz Element Length.. . .  18 ft. 

. . . . .  x 1 MHz Boom Length. 10 ft. 
. . . . .  . . . . . . . . .  Gain.. 7.7 dBd Turn Radius. 10.5 ft. 

VSWR. . . . . . . . . . . .  1.5:l W~ndload. . . . .  2.25 sq. ft. 
. . . . . . . . . . . .  . . . . . . . .  FIB.. 25 dB Weight.. 12 Ibs. 

• Feed Imp.. . . . .  50 Ohms . Mast.. . . . . . . . . . . . .  2 in. 
. . . . . . .  . Balun.. 4:1, 5 k w  

JV-10 

ELECTRICAL 
. .  

. . . . . .  

MECHANICAL 
Bandwidth.. 1.8 sq. ft. 

10 I ~ S .  

Gain.. . . .  . . . . . . . . . .  2 in. 
. . . . . . . . . .  VSWR.. 

. . . .  Feed Imp. .  50 Ohms 

dealer, call us direct. 



No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

Mark 4 in  capability and features. That's words in any languages or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 

real speech . voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
, announcements and function control 7- 

helical filter receiver extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

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

MICRO CONTROL SPECIA 
4 - Division of Kendecom Inc. TELEX 4932256 Kendecom 

23 Elm Park, Groveland, MA 01834 (508) 372-3442 FAX 508-373-7304 

SEE YOU AT DAYTON - BOOTHS m-279 
Introducing the next generation in packet performance: A complete l~ne  of 
affordable 9600 baud packet equipment to support both network nodes and 
local packet users. The modem is based on PacComm's successful 9600 
baud commercial modem design (exclusively licensed from James Miller. 
G3RUH). It is a high performance FSK design using innovative signal pro- 
cessing techniques to comply with FCC bandwidth limitations on the6and 
2 meter amateur bands as well as higher frequencies. The modem connects , 

to the radio internally and may not be suitable for use with all existing radios. 

cards. Order T o l l  Free: 
1-800-223-351 1 
Techn~cal sclpporl line: 

Other packef manulacfurers plan MODEM CARD - Add on lnternal modem card for TNC-2 and clones. and all 
10 oller equfprnenf compatrble with PacComm TNCs $99 95 fully tested and ready to ~nstall (Avall Now) 
Ihe PacComm 96W Packet EXTERNAL MODEM - Encased 9600 baud modem wtth front panel LED dls- 

plays and cabl~ng for most popular packet controllers rncludrng the PK-232 
$159 95 (Ava~l late Aprtl) 

HlGH SPEED DIGITAL RADIO - D~g~ta l  transcelver conslstlng of dtg~tal 2-5 
watt RF deck and 9600 baud modem $329 95 lo $399 95 (Ava~l In May) , 
COMPLETE HlGH SPEED PACKET UNIT - Integrated dlgltal transcelver. 
packel 7NC. and 9600 baud modem ready to attache lo your compuler or 
termrnal and antenna $449 95 to 519 95 (Ava~l in June) , 

--------------------------,----------. 
I PacComm 3652 West Cypress Street Tampa. Florrda 33607 1 

I Please send rnlo o n .  _ 
I 

1 Name - - _  . . c a l l -  ___ I 
I Address pp-p.-p--- - -  ~ - 

I 
I I 
I Stare -- ZIP -- Card* -__ __. _ - Exp Date I 
I 1 

MONEY BACK GUARANTEE! Add 54 00 shfppfng handlrng p r  ordrr FL resfdents add6Oo saCs lax 1 . Malor Credrf Card gfvo ric~rnher expiralfon and  sfgnallrre FAX 813-872-8696 ( 

f 
U.S. AMATEUR RADIO MAIL LISTS 

Labels, floppy disks. CD-ROM, mag tape. 

Newly l~censed hams 

All upgrades 

Updated each week 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mineral, Vlrglnla 231 17 
7031891-5777 vlsalmc 8001282-5628 



uge pileups, big city features clarifier (RIT), front 
QRN, no spare parts, panel AGC, noise blanker, all offers YOU more. 

and a long way to anywhere. mode squelch. 20 dR attenuator, In addition to the SR-1400, 
Y ~ L I  pn)b;tbly couldn't find a 
better test of the new SR-1400 

expedition to Tqipei in the 
Republic of China. by a quiet, thermostatically 

When working DX, you need controlled internal fan and is You can also prepare for your 
sensitivity to dig for the weak enclosed in its own diecast next exam (Novice, Technician, 

General. Advanced or Extra c lxs )  
with Heath study courses. 

Finally. as a Heath-equipped 

S9 + 30 signals, but out of the pile- 
ups it also worked a number of 
stateside stations running 5 watt5 licensed ham operators, on the 
or less! And that's not bad for a Heath Tech A~sistance line. 
short path distance of 7600 miles! For more information on the 

S13-1400 or  Heath's complete 
line of amateur radio 
equipment, call for a FREE 

The technology that worked 
the world can work for you, 

catalog: 1-800-44-HEATH 

too, in your own ham shack. 
(1-800-444-3284) 

The SR-1400 is a fully assembled 
all-band, all-mode (FM optional), 
continuous duty, 100-watt 
transceiver. ~t incorporates an Best to start with. 
impressive general coverage Best to stav with. 
receiver with dual VFOs for 
split operation and 20 Heath Company 
memories to store your favorite Benton Harbor, Michigan 49022 

frequencies. The unit includes 
standard SSB filter PIUS a Zenith I:lcr~n)nics (.oqu)rat~on. 

narrowband 5(X) Hz CW filter 
and wideband AM filter. It also 

- _ _  - :- 



RECEIVER 
Air: 116-136 XlHz 
FM: 76-108 M H z  

AM: 150 kHz-30 MHz 

Cash or Check Price 
AUTHORIZED SALES & SERVICE 

FOR 

Also c l i s p l a ~ i ~ l , ~  tlrc pol~rrlur- rrc.c.c~.s.soric~s rtc8c,clc,tl to c.or~lplc,rc, tr HAM JTATION . . 
ARRI, PUR1,ICATIONS AEA PRODUCTS AMPHKNOI, 

DATONG 
FL-3 

. 

ALPHA I ) I I ,TA ASTRON AUSTIN ANTENNAS AVANT1 
I$I.:I,I)E:N RENCHKR R & W DAIWA A1,INCO 

HtlSTI.ER KI,M 1,ARSEN MIRACK ROHN 
TI.:I,I.:X/HY-GAIN TOKYO HY-I'OWKR 1,AHS 
TRAC KRYKRS VIHR0l3I,I.:X WEl,% KT<'. 

OPEN SIX DAYS A WEEK WELCOMED 

MULTI-ROTATING ANTENNAS 
ONE TOWER 
with the POWERFUL TIC 
General Ringrotor 

Steel Ring Construction a 
Steel Gear Assembly 

\ 1 
Analog Or Digital Position 

c.1 

Feedback System ..,I a , : ~  

Lower Rotor Position Results . ,  

In Fewer Lightening Strikes ;zi-':? 
Individual Rotation 
Phased Arrays 

RINGROTORS ('New For '89) 
'121/2" Face Tower ............................ $529.00 

............................ ' 18" Face Tower $559.00 

............................ 28" Face Tower $938.00 
(PRICES SUBJECT TO CHANGE WITHOUT NOTICE) 

P.O. Box I, 302 E. 3rd 
THIEF RIVER FALLS, MN 56701 

CALL: 1-800-423-6417 or (218) 681-1291 
SEE US AT DAYTON BOOTH 458 

Tutond Cassette 

1 



Test procedure 
Connect the cable to J1 and J2. Put switch S in position I I 

and the cable loss is: 
- -  '' - 33.91 

a = p -  I - 0.0154~z~~purorO.I33dB. Virl 
64.75 

1 and adjust the signal generator near the estimated 
quarter-wave frequency for an input voltage minimum, with 
a meter deflection of perhaps 80 percent. With the switch 
in position 2, adjust variable capacitor C2 for equal meter 
deflection. Capacitor C2 must be measured in the circuit 
with a capacitance bridge, w~th capacitor C1 disconnected, 
and with switch S ~n position 2. You can calibrate the dial 
of C2 directly in nepers or picofarads. Calculate the divider 
ratio from Figure 4. If ,  for instance, C2 = 153 pF and C1 
= 2.4 pF, the voltage ratio is- 

HOW to find cable loss at other Calculating factors m and n from a1 = 0.0145 N, F1 = 5.116 

frequencies MHz, and 012 = 0.0295 N, F2 = 15.348 MHz gives 
m = 0.00582 and n = 0.000436. 

Unfortunately, my method supplles cable 10s for only one lf you want the loss at frequency F3 = 28 M H ~ :  
frequency. But ~f you make a second measurement at three 

c1 
2 . 4 ~ ~  

- = - + I  V L  cz 
vlly 2.4 

cz 

times the frequency (pertaining to a three-quarter wave- 
length cable), you now have two sets of attenuations a1 and 

Capacitive voltage divider circuit used in the test circuit at the out- 

--  153 - - + I = 64.75 put end of the coax under test. 
Vin 2.4 

a2 and two frequencies F1 and F2. Using the interpolation 
method described by K2BT; you can calculate the loss at 
any other frequency with the following procedure: 
First calculate two constants, m and n: 

The cable loss a3 at the frequency F3 is then: 

Here's a practical example: 
Coaxial cable RG-213, 1 = 9.58 meters. The full-wave fre- 

quency of the 9.58-meter cable is. 

Measurement accuracy 
Now you need to find out how large an error results if 

Vin you assume the simple relationship - = a which the test VR 
set is delivering. 

In reality, the source impedance Rs, even when purely 
resistive, affects the tuning frequency for minimum input volt- 
age Vin. The load impedance ZR is not infinitely large, and 
also affects the tuning. In our example, capacitor C1 = 2.4 
pF has a capacitive reactance of ZR = -j2962 ohms at 
5116 MHz using Equation 1 you get: 

- -  Vin - cosh (a + jp) + j 0.003857 sinh (a + j(3) (5)  
v2 

-. 300 0.66 = 20.668 MHz According to the test procedure, you must adjust the fre- 
9.58 quency for minimum input voltage. You can calculate Vin 

assuming a velocity constant of 0.66. Thts means that for from Figure 1 to: 
a frequency of 5.167 MHz the cable is a quarter wavelength Vin = Vo Zin 
long. This brief calculation only helps you find the approxi- Zin + Rs 
mate value of the measurement frequency. Its exact value 
depends on the minimum value of Vin. The next minimum Since 
occurs at the three-quarter wavelength frequency of 15.417 
MHz. In general, the first measurement frequency is the Zin = Zo ZR+ Zo tanh (a + jp) 

lowest frequency on the frequency dial where Vin has its ZC) + Z f .  t(111h (a + jp) 

first minimum. Vin 
Assuming that the m~nimum of Vin occurs at 5.116 MHz, We can - Vo to: 

the capacitor settings are: C2 = 153 pF and C1 = 2.4 pF. 
Vin - - -  Zin - - 
Vo (6) vR - + ] = .(j4.j" a ] = p -  

Zin + Rs 

Vin 2.4 
I - 0.0154 N 

64.75 Zo 
I + - tanh (a + j(3) 

Zo ZR 
The measurement at frequency F2 = 15.348 MHz is: C2 Zo Zo 
= 79 pF and C1 = 2.4 pF. Zo I+- tanh (a + jp) + Rs - + tanh (a+jp) 

ZR ZR 
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V l  quency as the maximum of - . This isn't always the case, 
Vin 

Typical plot for the results of Equation 6. 

Plot of VUVin versus frequency for Zl =-jl2962 ohms and (~=0.0174 
nepers. 

A typical plot of Equation 6 is shown in Figure 5 which 
is drawn for Rs = 1 + j0.2 ohms, ZR = -j12962 ohms, 
and a = 0.0174 N. It can be shown that the input voltage 

minimum occurs to the left of t h e L  point (frequency Fo) if 2 
there's a capacitive load ZR and resistive Rs. If you have 
a slightly inductive source impedance Rs and an infinitely 
high ZR, the voltage minimum will occur to the right side 

of the 2 point. Which effect dominates determines the 
2 

location of the minimum. However, the deviations are very 
small. Plots 5 and 6 are frequency independent; the point 
a denotes the quarter-wavelength frequency. All voltage 
ratios are in absolute values. 

Having found the frequency Fo from Figure 5 by using 
Equation 6, you must insert its value into Equation 5 to find 

VR Figure 6 is the plot of - versus frequency for ZR = 
Vin ' Vin 
-j12962 ohms and a = 0.0174 N (resistor Rs doesn't affect 
this ratio). 

VR The maximum value of - occurs at the frequency F1 
Vin 

VR of 0.99755 x, giving a - value of 57.46793, whereas the 
2 Vin 

true voltage ratio for the cable attenuation of a = 0.0174 
N is: 

EL=-- I - 5247126 
Vin 0.0174 

but the deviation is small. You must measure V2 at the fre- 
quency where Vin has its minimum, not at the frequency 
where VR has its own maximum, because the maximum of 

V l  VR doesn't coincide with the maximum of - 
Vin ' 

In reality, the frequency Fo may deviate slightly from this 
ideal F1 value, depending on the canceling effect of Rs and 
ZR. This error-reducing effect is a welcome and unexpected 
benefit, since Rs is always slightly inductive because of the 
difficulty in realizing a noninductive 1-ohm resistor. 

In the example, the frequency Fo for the lowest input volt- 
VR age is 0.9982 L The corresponding - ratio, as calcu- 

2 ' Vin 
lated from Equation 5, is 57.3697. This amounts to an error 
of only 0.18 percent. The error would be 0.4 percent with- 
out the capacitive load. In other words, the "minimum Vin" 
method is quite accurate, and its accuracy depends mainly 
on the capacitive voltage divider. It shows that the meas- 
urement error in the practical case of capacitive load and 
inductive source impedance is even smaller than that of 
the ideal case with infinitely high load impedance. 

If you make a direct RF voltage measurement of Vin and 
VR without the test set, you must connect a capacitor whose 
value is equal to the meter capacitance at the cable out- 
put while you adjust the frequency for minimum input volt- 
age. Remove this capacitor when you measure VR with the 
meter, but don't alter the frequency setting. Even if you don't 
make this substitution, the loss measurement is still accurate 
enough for most applications. 

Summary 
Accurate and credible measurement of cable loss (cal- 

culated as the difference between input and output power) 
is difficult if the loss is small (for a short cable or at low fre- 
quencies). 

The ratio of output to input voltage of a transmission line 
that is unterminated and driven from a low source imped- 
ance has a maximum value when measured at odd multi- 
ples of the quarter-wave frequency. The reciprocal of this 
ratio is very nearly equal to the cable loss in nepers within 
an error of less than 1 percent. 

There are two ways of finding this maximum. The first 
involves the direct measurement of Vin and VR with a 
calibrated RF voltmeter. The second is based on the volt- 
age comparison between the capacitively divided output 
voltage and the input signal; it doesn't require a calibrated 
RF voltmeter. The capacitor dial can be calibrated in 
picofarads or directly in nepers. 

By repeating the measurement at the three-quarter wave- 
length frequency, you'll get two sets of attenuation and fre- 
quency values. You can find the cable loss at any frequency 
between the measuring points by using a simple interpo- 
lation method. However, actual tests show that the equa- 
tions also render excellent results for frequencies much 
higher than the measuring frequency. The two error sources 
of this method, the inductive source impedance and the 
capacitive load, tend to cancel each other and the meas- 
urement accuracy is mainly dependent on the accuracy ot 
the capacitive voltage divider. 
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One great advantage of this method is that you don't have 
to know the characteristic impedance of the cable or its 
velocity factor; therefore, no mismatching error exists. The 
method is especially useful when the cable loss is small, 
making conventional loss measurement unreliable. Even a 
piece of coax as short as 1 meter can be measured 
accurately. 

Practical cable tests, together with the interpolation 
method, produced excellent agreement with published data 
sheets. Q 
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Unattended lmageEdapture and much more! 

DOWN EAST MICROWAVE 

E 
MICROWAVE ANTOJNAS AND EQUIPMENT New Pmampm 

Loop Yegm Power Dtvtdra. 
C a + e l e  Arrays. G a s  FET Reompa 13LNA 0768 N F 12 dB 2 3  GHz Sl4O 
T R 0 F O a E M E  Weak Slgnd .OSCAR. 18LNA2008dB N F  20 dB 1 69 GHz $140 

M~crrmove Tranrvs#las SLNA I O d B N F  l O d B 2 2 7 G H z S 1 5 9  
902 1269 12% 1691 2304 34% MHz 

N.w Wldehnd P o w r  -liner8 
2345 LV 4% 1296 MHz 2WBI 182 
I345 LV 454 2304 MHz ZOdBl 568 2370 PA 3rr in 70w a t  1240-1300 MHz 9 9 5  
35)3 LV 33el 902 MHz 18 Ma $82 2340 PA 2w ln 3% w l  1240-1300 MHz $355 

2318 PAM 1w ~n l 8 w  w l  1240-1300 MHz $205 
A b o a  mlmnos klla A ~ i a n b l d  wJlaM. 
~ d d  $8 UPS sm West o l  me ~ t s d u i p +  NEW FOR DAYTON 

MICROWAVE UNEAR AMPLIFIERS 858. NOTUNE MICROWAM LINEARTWNSVERTERS 
A N .  REPEATER. OSCAR 

2316PA 1w h l B w  w t  12401500 MHzY05 
Ftan SHF SYSTEMS a nsw Ins 01 b m w r l e r s  

d e v g n d  by 
2 U 5  PA 10 In 3% w t  1240.1300 MHz 1315 &k cunpbel ~ ~ 7 8  J,,,, ows/ W A ~ L C  
3318 PA 1w h 20*r nu1 -930 MHz Y 6 5  
35)s PA 10 1- (* -930 MHz $320 Ava,lableln knt lorm or aaranbleMsald 
23LNA p u m p  0 7dB N F 1296 MHz S 90 
3 L N A  p u m p  0 W B  N F 902 MHz 1 9 0  .go3 1269 (296 2304 3456 MHr 

rnlao6bip Allere. dlmlnaa M e u p  
NEW PRODUCT ANNOUNCEMENTS .2m I I. PIN dtode ~ r h s d  - ssqwnca sDndard In mmplsle u d l  

Nnr Loop V8pb lrm pdb padlsghg mas1 mounlable 
1845 LY Loop Vq11691 MHz 20d8 I99 
945 LV I m p  v.giJ45S MHz m a  $80 

Ahwa mlmrur a a r m b l d  m d  l e M  U r l v e  qupmenl- 13 W 

SEE YOU AT DAYTON 

DOWN EAST MICROWAVE 
BILL OLSON, W3HQT 

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

fl 163 
Ham Rad~o/May 7989 73 



Bill Or( WGSAI 

ANTENNA TIME 
Spring is just ahead and it's time to 
start thinking about worthy antenna 
projects. I've received a number of let- 
ters about unusual antennas that I 
think are interesting. Here are some of 
them for your consideration. 

The 10-meter "Hentenna" 
loop 

Harold Muensterman, NSDEO, sent 
me data on this clever little antenna 
developed by JElDEU of Sagamihara 
City, Japan. Local hams were amused 
by the loop; hence the name - "hen" 
means curious in Japanese. "Hen- 
antenna" was quickly shortened to 
"Hentenna." It's shown in Figure 1. 
This antenna's virtue is that it has very 
little "wingspread" and is quite unob- 

antenna plane. Gain is estimated at 
about 2.5 dB over a dipole. Bandwidth 
is very broad. By changing the length 
of the vertical wires, you can move the 
design frequency to any point in the 
10-meter band. 

A hanging unipole antenna 
for 160 meters 

Phil Morgan, WD0R uses a simple 
folded monopole for 160 operation 
(Figure 2). Phil says, "Being a cheap- 
skate, I put up this antenna made out 
of Radio Shack loudspeaker cable. I 
used a tree limb about 46 feet above 
the ground. I zipped 45 feet of this wire 
down the middle, soldered the leads 
together at one end and spaced it 

down its length w~th a half-dozen 
spreaders made of 6-inch pieces of 
1M-inch PVC tubing. I grounded one 
wire at the bottom and fed the other. 
Since the antenna was too short for 
160 operation, I soldered a single wire 
to the top of the vertical portion and 
trimmed its length to resonate the 
whole works in the middle of the 160- 
meter band. I use my Heath SA-2060 
Transmatch to give me access to the 
whole band. 

"I have a pretty good ground system 
- an old, abandoned underground 
water tank, plus four 50-foot radials 
made of 2-foot wide chicken wire fenc- 
ing laid on the ground. I'm not a big 
DXer, but have worked Hawaii and 
Cape Verde Islands on 160 using this 
lash-up. If you change the length of the 
single wire, the antenna will also work 
on 80 meters." 

Any information on GFI? 
In closing, Phil asks if anyone has 

trusive. 
The array has two one-sixth wave 

radiators separated vertically by a half I I 
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wavelength.'~o feed them, coniect the 
tips and tap the vertical wires with a 
coax feedline. Polarization is horizontal. 

Hentenna construction is simple. You 
use a single mast; try a TV-style push- 
up one. Make your horizontal sections 
out of 518-inch diameter aluminum tub- 
ing bolted to a mounting plate, and 
attach the plate to the mast with U- 
bolts. Use enamel-coated copper wire 
for the antenna's vertical sections. 

Feed the Hentenna with a balun and 
coax line. Run your feed wires from the 
balun to the vertical wires. Adjust for 
lowest SWR by moving the feed wires 
up or down the vertical wires. Copper 
alligator clips are ideal for this; you can 
remove them and make joint solders 
when you find the correct points. The 
points should be about 36 inches 
above the bottom tube for 10 meters. 

The Hentenna provides a figure- 
eight pattern at right angles to the "Hentenna" for 10 meters. Adjust tap points for lowest SWR. 

r 5 . 1 9 n 7  

1 7 '  3" 
- 1  ALUMINUM TUBING 

- W I R E  

MAST 

1- i ; I 

SWR 
ADJUST 

BALUN 

I COAX 

MAST 



AL-80A LINEAR AMPLIFIER 

The Amerltron AL 80A comblnes tne econom~cal 3.5002 wlth o 
heavy duty tank clrcult to ochleve nearly 7 0 %  efflclency from 160 
to 15 meters It has wlde frequency coverage for MARS and other 
authorized servlces Typlcal drive IS 85 wotts to glve over 1000 wotts 
PEP SSB ond 850 watts CW RF output A new PI-L output clrcu~t for 
8 0  and 160 glves full band coverage and exceptlonolly smooth 

Slze 15'/z D x 14"W x 8 H Wgt 52 ~bs 

AL-1200  LINEAR AMPLIFIER 
3CX1200 TUBE 

Full legal output wlth 100 watts dr~ve 

AL-1500  LINEAR AMPLIFIER 
8877 TUBE 

Full legol output wlth 65 watts drlve 

The coolrng system rn both amplrtrers keeps the 
tube safely below the manufacturers ratlngs even 
when operating at 1500 watts output wlth a steady 
carrier The flloment supply has Inrush current lhmrt~ng 
to Insure maxlmum tube llfe 

S~ze 18% D x 17 'W x 1 0  'H Wgt 77 lbs 

ATR-15 TUNER 
The Amerltron ATR.15 1s a 
1500 wott T network tuner 
thot covers 18 through 30 MHz 
In 10 dedicated bonds Handles 
full legal power on 011 amateur 
bands above 18 MHz 

The Amerltron AL-84 1s on econom~cal ampl~fler uslng four Flve Outputs ore selected from a heavy duty antenno sw~tch 
5MJ6 tubes to.d~velop 400 watts output on CW and 600 allowrng the rapld cholce of three coaxial lines one slngle 
watts PEP on SSB from 160 through 15 meters Drlve requlred termlnal feed or o balanced output An Internal balun pro- 
s 7 0  w typlcol 100 w max The passlve Input network v~des 11 or 4 1 ratlos (user selectable) on the balonced output 
oresents o low SWR Input to the exc~ter Power Input 1s 900  term~nals 
~ a t t c  The AL-84 1s an excellent back up portable or 
beglnner s ompllfler 

INSTALLATION 

No control coble requ~red Selects up to f ~ v e  antennas 
Selects one of four ontennas Loss at 150 MHz: less than 1 dB 
VSWR: under 1 1  to 1 from 18 to 

Impedance: 5 0  ohms Impedance: 5 0  ohms 
Power copobility: 1500 wotts Power capability: 5 kW below 

3 0  MHz 1 kW at 150 MHz 

Available at your dealer. Send for a catalog of the complete AMERITRON line. 
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x 6's are sunk about 4 feet in the 
nrnl rnrl 

information on Ground-Fault-lnter- 

3' --"-. 
The top tilt-over portion of the tower 

is made of a single section of 2 x 6 
materlal 20 feet long. It's plvoted near 
the top of the two lower sectlons wrth 
a heavy bolt. The plvot polnt on the top 

'I I 
sectlon IS placed so that about 17 feet 
extend above the lower supports, and 
there's a 3-foot lever arm below the 

rupter interference (GFI). He's run Into 
these pesky devlls in trailer parks and 
finds they're very sensitive to RF. He 
notes that the slightest tap of the key 
or word spoken into the mlc will cause 
these GFls to trip. Phil has also found 
GFls on boat docks, so hams operat- 

Write same ing around me problem. ~f you a marlna have Any answers a may solution. have to th~s? the 

A six-element quad on an 
80-foot boom! 

I recelved a note and photo from 
Victor Trachenco. UAGLA, Rostov-on- 
Don, USSR. He's the proud owner of 
a six-element, 20-meter quad (Photo 
A). This monster IS built on a well- 
trussed 80-foot boom. So when you 
hear the blockbuster signal from 
UAGLA, you'll know ~t comes from this 
giant antenna! 

The KGWZ tilt-over tower 
I ment~oned In a previous column 

that I'd seen a lot of t~lt-over towers In 
New Zealand, but not many in the 
Unlted States. Some of you have been 
kind enough to send me information 
on homemade tilt-over towers. Here 
are two interesting designs. 

Carl Steavenson. KGWZ, of Hering- 
ton, Kansas, built the wood tower 

k Tlvh:$ 19 5 '  FOR 3 8 M H z  JE 

+ prvot polnt The plvot IS made of a short 
plece of half-lnch pipe wlth a heavy 
bolt runnlng through ~t 

A rotatlng mast of 10-foot TV mast 
sect~ons runs up the wood mast The 
rotor IS about 8 feet above ground and 

I turns the mast sections whtch support 
the antenna The mast sectlons are 
attached to the wood tower by large 
eye bolts whose "eyes" are opened 
just enough to pass the rotatlng metal 
mast The rotor s~ts on a small metal 
shelf bolted to the tilt-over sectlon To 

shown in Photo 6 and Figure 3. It's 
about 30 feet h~gh. The fixed, bottom 
portion is made of two 2 x 6 pieces 
of pressure-treated lumber 16 feet 
long. They are treated, before assem- 
bly, with Thomson's Waterseal. The 2 

- 

- 

The 6-element, 14-MHz Quad at UA6LA is built on an 80-foot, trussed boom. 
counterwe~ght the tower, a few pieces 
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Crystals for man1 
applications 

For over 37  years. ICM has 
manufactured the finest In 
quartz crystals for every 
conceivable purpose. 

A wtde select~on of holders 
are avatlable to f ~ t  most any 
requirement Our computer d 
database contalns crystal 
parameters for thoclsands of 
equipment types 1 

7T- Need crystals for 
communications, telemetry. 
industrial, or sc~ent~f lc  
applications7 Let ICM's 
sales department assist you 
to determine wh~ch type of 
crystal IS best for you. 

EVERY ISSUE of 

HAM RADIO 
now available on microfiche! 

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

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

As a bonus, you will receive Ham 
Radio Horizons (3177 thru 12/80) free. 

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

Annual updates will be offered for $10. 

Send $185 payment (visalmc 
accepted) to: 

BUCKMASTER 
BUCKMASTER PUBLISHING 

Route 3. Box 56 
Mineral, Virginia 23117 

7031894-5777 vlsalmc 8001282-5628 

1 3) Can we solve your 
T crystal problem? 

3 r - For spectal purpose 
crystals, spec~al holders. 

1 speclal sizes, call our crystal 
sales department We w ~ l l  
be pleased to prov~de 

7 recommended data 

%=I-- - - International Crystal 
Manufacturing Co., Inc. 

2 .  PO Box 26330 701 W Sher~dan 
Oklahoma Cltv OK 73126-0330 

1 I 1 Phone 1405) 236-374 1 
Telex 7 4  7 -  14 7 
F a c s r m ~ l ~  (4051 235-1904 

t i r ~  h I TOWERS hAlumA I 
i HIGHEST QUALITY 

m ALUMINUM 
TELESCOPING 11 RANK UP) 
CUYEO isinr c IIPI 
TILT-OVER MODELS . 

Easy lo install Low P r ~ c e s .  !< 
Crank-ups to 100 feet. ( ,. 

EXCELLENT FOR ' 740;( , I,o _AMATEUR COMMUNICATIONSJ i 40' ntrrl 
40 Over 36 types aluminum , O i q  H l m  

Cnnk lowers made-speclals lower '. Crlnk Up IFr destgned and manulactured- , : , 

Mobile Trlller lype 
@,->,. ., . J .  :; 

I - *  
Mabile 

Truck 

Rwl l o o  S P E C I A L  rt;i 
filumlnum Four Setlion ill Fl . ; , 
lype Vln Mounlrtl C~anll.U# *,, 

Aluma Tower ;i 

DL-TRI "Big Horn" 
"Open and Close the Band" with our Delta 
design, full wave DX performance mono- 
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T I M E  4 

if you're running' "angle modula- 
tion" (FM) with 5-kHz deviation and 
a maximum modulation frequency of 
3 kHz, your emiss~on classificat~on 
1s 16KOF3EJN. If you use phase 
modulation, your classification is 
16KOG3EJN. And poor old Morse 
code is now 150HAIAAN (if you're 
sending 60 wpm). 

of the ham bands.   he^ may or may 
not have emission classifications but, 
for the most part, they certainly aren't 
ham signals. Here are some of the 
more interesting ones. 

Figure 5 is a sketch of a frequency- 
agile ("hopping") signal which varies 
frequency in a predetermined manner, 
with the receiver locked to the rapidly 

Frequency-agile ("hopping") signal. 

t 
f 

T I M E -  

Radar "chirp" signal. 

T I M E -  

"Jitter" signal. 

Things that go "bump" in 
the night! 

Back in the "good old days," emis- 
sion was either phone or CW. As time 
went on, things became more compli- 
cated. A0 Emission was unmodulated 
carrier, A1 was CW. A2 was tone- 
modulated CW, A3 was phone, A4 was 
facsimile, and A5 was televis~on. There 
were also "F-type" emissions covering 
FSK, FM, and so on. Things were get- 
ting confusing! 

Today there's a half-page of "emis- 
sion classifications" in the ARRL Hand- 
book! Single sideband, suppressed 

Top: Commercial 10-meter beam. Bottom: Commercial beam optimized. Constants listed 
are frequency, gain, FIB ration, input impedance, and SWR. 
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HF Equipment 

IC-781 Super Deluxe HF Rig 
10.765 New. Loaded wilh Features 
IC.761 Loaded Wlth Extras 
IC.735 Gen Cvg Xcvr 
IC.751A Gen. Cvg. Xcvr 
lC.725 New Ultra-Compacl Xcvr 
IC.575A tOm16m Xcvr 

Receivers 
1C-R7000 25.1300 + MHz Rcvr 
IC.R714 100 kHz.30 MHz Rcvr 

VHF 
IC.228A New 25w Mobile 
IC.228H New 45w Mobile 
1C.275A All Mode Ease wlPS 
IC.275H All Mode Base 100w 
IC-28A FM Moblle 25w 
IC.28H FM Mob~ le  45w 
IC.2GAT. New 7w HT 
IC.900 Six Band Mobile 

UHF 
IC.475A All Mode 25w 
IC.475H All Mode 75w 
IC-48A FM Mob~le 25w 
IC-4GAT. New 6w HT 
IC.4AT FM HT 
IC-04AT FM HT 
IC-448A, 25w Mobile 
IC-32AT Dual Band Handheld 
IC-3210 Dual Band Mobile 

220 M HZ 
IC-375A All.Mode. 25w. Base Sta 
IC-38A 25w FM Xcvr 
IC-37A FM Mobile 25w 
IC-3AT FM HT 

1.2 GHz 
IC-12GAT Super HT 

L ~ s l  Juns 

$5995 00 Call S 
TEA Call S 

269900 Call S 
1099 00 Call S 
169900 Call S 
949 00 Call$ 

139900 Call S 

119900 Call S 
999 00 Call S 

509.00 Call S 
539 00 Call S 

1299.00 Call S 
139900 Call S 
46900 Call S 
49900 Call S 
42995 Call S 
63900 Call S 

139900 Call$ 
159900 Call S 
50900 Call S 
44995 Call S 
34900 Call S 
44900 Call$ 

TEA Call 5 
629 95 Call$ 
73900 Call S 

139900 Call S 
48900 Call S 
49900 Call S 
34900 Call S 

529 95 Call S 

HF Equipment 

TS.94OSIAT Gen. Cvg Xcvr 
TS.440SIAT Gen. Cvg Xcvr 
TS-140s Compact. Gen. Cvg Xcvr 
TS-680s HF Plus 6m Xcvr 
TL.922A H F Amp 

Recelvers 
R 5000 I00 kHz.30 MHz 
R.2000 150 kHz.30 MHz 
132.1 Compact Scann~ng Recv. 

VHF 
TS.711A All Mode Base 25w 
TR-751A All Mode Mobile 25w 
TM.231A Mobile 50w FM 
TH.215A. 2m HT Has It All 
TH-25AT 5w Pockel HT NEW 
TM-721A2m170cm. FM. Mobile 
TM-621 2m1220, FM. Moblle 

UHF 
TS.811A All Mode Base 25w 
TR.851A 25w SSBlFM 
TM.431A Compact FM 35w Mobile 
TH-45AT 5w Pocket HT NEW 
TH-55AT 1.2 GHz HT 
TM-531A Compact 1.2GHz Mobile 

220 MHz 
TM-3530A FM 220 MHz 25w 
TH-31ET FM. 220 MHz HT 
TM.321A Compact 25w Mobile 
TH-315A Full Featured 2 . 5 ~  HT 

List Juns 

52499 95 Call S 
1449.95 Call S 
94995 Call S 

1149.95 Call S 
1649.95 Call S 

1049.95 Call S 
799 95 Call S 
599 95 Call S 

105995 Call S 
669 95 Call S 

TEA Call S 
399 95 Call S 
369 95 Call S 
729 95 Call$ 
729 95 Call S 

1.265 95 Call S 
771.95 Call S 

TEA Call S 
389 95 Call S 
524.95 Call S 

TEA Call S 

519.95 Call S 
299.95 Call S 
469.95 Call S 
419.95 Call S 

HF Equipment 
FT-767GX 

FT-747 GX New Economical Performer 
FT.757 GX II Gen. Cvg Xcvr 
FT.767 4 Band New 
FL-7000 15m.160m Solid State Amp 

Recelvers 
FRG.8800 150 kHz - 30 MHz 
FRG-9600 60.905 MHz 

VHF 
FT.411 New2m "Loaded" HT 
FT.212RH New 2m. 45w mobile 
FT.290R All Mode Portable 
FT.23 RlTT Mini HT 

UHF 
FT.712RH. 70cm. 35w mobile 
FT.711RH FM Mobile 35w 
FT.2311 R low. 1.2 GHz. FM 

VHFIUHF Full Duplex 
FT-736R. New All Mode. 2m170cm 
FEX.736.506m. low Module 
FEX.736.220 220 MHz. 25w Module 
FEX-736-1 2 1 2GHz. low Module 
FT.690R MKII.6m. All Mode. port 

Dual Bander 
FT.4700RH, 2m1440 Mobile 

220 MHz 
FT-312 RM. Mobile 

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

List Juns 

586995 Call S 
1129.95 Call S 
1929 00 Call S 
199500 Call S 

759.95 Call S 
699.95 Call S 

399.95 Call$ 
459.95 Call S 
599.95 Call S 
344.95 Call S 

499 95 Call S 
449.95 Call S 
559 95 Call$ 

1749.95 Can s 
259.95 Call S 
279.95 Call S 
539.95 Call S 
569.95 Call S 

889.00 Call $ 

TBA Call S 

1269.95 Call S 
1289.95 Call S 

I Call For These Quality Brand Names 

J U N'S BARGAl N BOX LIMITED OUANTITIES 

SPECIAL YAESU 1 
SALE 

PRICES P"-'-q w -- 
* . . . a/,T;," 

FT-726R w1430 Module & Sat'l. 
IC-37~ NOW $299.95 Module only $899.95 

regularly $499.95 L ~ r n ~ t e d  Quantity Cash Only - Very L ~ r n ~ t e d  Q u a n t ~ t y  I 
--HI-PERFORMANCE DIPOLES- .- - L- I , -1- : 

"K, . .. -A ' - -  
Anlmnar ?bat ~ 0 . r '  C~rtnm a51YnblrO io vm,! <mm! lt* e.4 D a M  HfrlY nl ol 
cm.P .  2"" rn<,! n 0  nanq a\ nmn*" Y ni.rl:onlrl "ell d l W 1  L(C)P1"" 01WP 

rn","".rr>.iq".lllr ,tn,rllrl,.n.,.,n... l * ln l l xn r l  .><*,lap nqll#lrlrnr.de,*" 

- ~ 

I)rrwnsl I Imwl Ull o! i (1 O 1 S 1 1  

MPD.~. m . 4 i 1 D t ~ - 1 D ~  m.;pw(wm.nc.dapo~.~~. long s l o w -  
MPD 2 no 10M man-p.rlwm.nc.dlpol..85' l o n 9 I ~ P  I S ' M ( i p S  
HPD I .  IIY) 83 U)M hl prlotmene. dhwl. I I I '  long S ~ V P @  
SSD 6 '  160 83 40 m IS ,OM spat. naww dlrol. 7 1  tono S125p@ 
SSD 5' 10 40l0 15 1OM so... s.v.td#wf. S m l I v L  42'SlOI I I ' f l08ppd 
SSD 1. 80 10 20 15M .p.c. .sv.r dIp011 IPPP~IY L 40' 101 M' S M PPI 
'9 band. *II~ -10. malchlq qang. tun., . - 

SASE lor C.I.IOOY. 01 10 drpol.. . .IOP.~.. and ~p.c..s.rlnp. unlqu. .nl.nn.s 

WVlNN ANTENNAS 
312-39'-3414 BOX 393 M b  PROSPECT, 11 60036 

"ONLINE" U.S. CALL DIRECTORY 

Hamcall service gives you all hams via 
your computer 8 modem. Updated each 
month! Only $29.95 per year. Unl~m~ted 
use - you pay for phone call. 

BUCKMASTER PUBLISHING 
Route 3. Box 56 

Mineral, Virginia 231 17 
7031894-5777 viaalmc 8001282-5628 

Torold Cores. 
Iron Powder 
8. Ferrite. 

~ 
Ferrite Beads. 
Ferrite Rods. 

I Free catalog and nnding chart on request, I 



SURVIVES 100,000 FT. FALL 
KPA5 1 WATT ATV XMTR ON 434 MHz WORKED 
PERFECTLY IN WB8ELK LIVE CAMERA BALLOON 
THROUGH 100,000 FT AND BACK TO CONTINUE 
RUNNING EVEN AFTER FREE FALL IMPACT IN THE 

Shouldn't your ATV transmitter be as reliable? Weather 
you want to put one in a balloon, RIC model, Robot, use 
as portable ATV xmtr, or get one in our ready to go 
TX70-1 for the shack, with P.C. Electronics you see the 
best! Companion receiving downconverter board TVC- 
2G $49, or ready to go in a cabinet - N C - 4 G  $89. 

THE ATV TWlNS 
Hams, Call or Write for our latest catalog of ATV gear! 

r /  174 

3rd Class Mail - USA 
. . . . . . . . .  One Year $1 2.00 

Two Years . . . . . . .  $21 .OO 

1st Class Mail 
One Year - USA . . .  $20.00 

Address pp Canada G. Mexico . . $22.00 

WGSAI BOOKS 
published by Bill Orr, WGSAI and Stu Cowan, WPLX 

BEAM ANTENNA HANDBOOK 
Conipletely rev~rvd 2nd uprlcllrbrl wlth the latest computer generated informat~on on 
BEAM Antenna tlt'slgn Covers Hr and Yagls and 10. 18 and 24 MHz WARC bands 
Eve thln you nped to know 204 ~llustrations 268 pages 1 1985. Revlsed lsted~hon. 
1 fln6-BW Softbound $11.95 

ALL ABOUT VERTICAL ANTENNAS 
Theory, des~gn. constructton, operation-are fully covered. Here's what this exclt~ng 
book covers Hor170ntal vrs vert~cal-wh~ch IS best? Top loaded and helical antennas. 
5 h~gh eHlc~ency Marcon1 antennas lor 80 and 160, verticals and TVI-Is there a 
problem? The effects ol ground on vertlcal antennas and a how to make an ellectlve 
ground system, the Bobtall beam, construction data lor 25 d~fferent antennas, malch~ng 
ctrcults of all descr~pt~ons-whlch 1s best. plus P-L-E-N-1-Y morel 1st edtt~ori. 192 
pages ,' 1986 

, RP-VA Softbound $10.95 

RADIO HANDBOOK 23rd Edition 
Here are some ol the h~ghl~ghts of t h ~ s  excit~ng new edition. New easy-to-use 
charts for Chebyshev and elllptlc Illter conf~gurat~ons. new data on power MOS- 
FETS, how to use state-of-the-art OP.AMPS. and home computer RTTY to name 
just a few examples New prolects Include GaAsFET preamps tor 902 and 1296 
MHz. easy-to.bu~ld aud~o CW l~lter, Economy two 3-5002. 160 meter amplif~er. 
multiband amp uslng two 3CX800A7's. and a deluxe ampllller w ~ t h  the 
3CX1200A7 tube New antenna prolects Include efficient Marcon1 des~gn for 160 
and 80 meters, computer generated dlmens~ons for HF-Yaq~s, and a 2 meter slot 
beam Get your copy today 23 ed~ t~on  1986 
1 ,22424 (Rag. 529.95) Hardbound $26.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers vert~cals. long wlres, beams as well as plenty 
of other Interesting des~gns. It lncludcs an honest ludgement 01 galn f~gures. 
how to site your antenna lor the best performance. a look at the Yagl-Ouad con- 
troversy. baluns, slopers, and delta loops Pract~cal antenna prolects that work1 
190 pages 1978 1st edlt~on 

RP-AH Sonbound $11.95 
Please enclose $3 50 for shipping and handling 
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shifting signal. The hopping sequence 
often lands the signal in a ham band; 
you hear a quick burst of voice or other 
modulation, and the signal is gone. 
Does anyone know who the "hopper" 
is? I don't. 

Figure 6 shows a representation of 
a "ch~rp" emission. This is often used 
with a radar, where the frequency 
varies with time. Figure 7 illustrates a 
"jitter" signal. The jitter varies with fre- 
quency, within a predetermined time 
frame. 

There are other weird signals includ- 
ing: the well-known Soviet "Wood- 
pecker". OTHR (Over-the-Horizon 
Radar), and Soviet missile tracking 
radars that occasionally pop up in the 
10 and 12-meter bands. American 
OTHR is also on the air, but hops about 
randomly, and so far has caused no 
lasting interference in the hams bands. 
Other OTHRs on the air in various 
countries sometimes appear in an 
Amateur band. 

Countless other curious things (like 
single-letter beacons) abound, and 
they often cause QRM in and out of the 
ham bands. There are also mysterious 
"numbers" stations, which repeat 
coded number groups throughout the 
HF range. 

All of these signals cause QRM in an 
already jammed radio spectrum. 
Unfortunately, it's often easy to turn 
them on but not so easy to turn them 
off! Happy listening! 

The Yagi optimizer disk 
Brian Beezley, KGSTI, has come up 

with another interest~ng disk for IBM- 
PC and compatible users. It's called 
the "Yagi Optimizer. YO version 1.00." 
This program automatically optimizes 

a Yagi antenna for maximum forward 
gain, best pattern, and minimum SWR. 
The package includes models for 
matching networks, element tapering, 
element-to-boom mounting plates, fre- 
quency scaling, and element taper 
scaling. 

The YO program also plots antenna 
radiation patterns at the central design 
frequency and at the band edges. Best 
of all, YO has been designed to 
work alone or in conjunction with 
MININEC3, the high-accuracy general 
purpose antenna analysis program. 
This makes it convenient to analyze 
and optimize a Yagi previously ana- 
lyzed with MININEC3. 

Figure 8 shows an example of 
"before" and "after" optimization of a 
commercial 5-element 10-meter Yagi. 
Interested? Write to Brian (507-112 Tay- 
lor Street. V~sta, California 92084) for 
full detalls. 

The Dead Band Contest 
I appreciate all the letters and cards 

I've received in response to this little 

What is input resistance? 

exercise. Thank you all very much! This 
month's qui7 IS an easy one. I'll give the 
answer next month. F~nd the input 
resistance to the network in Figure 9. 
Each resistor is 10 ohms. 

DIGITAL VlDEO STABILIZER 1 REMOVES VIDEO cow P R O T E C T I O N  1 

I W h i l e  watching rental FEATURES I 

7 4 

- - 

movies, you will notlce an- 
noy ing  per iodic color  *EaSytou?lsandasnapta 
darkening, color shift, un- 
wanted lines. flashing or Orno and eucn- 
jaggededges.rnisisaUd lng video stabilizer in the 

by the copy protection Ism- 
ming signals embsdded In .State-of-the-Art Micro- 

- - 

thevideotape, such as Mac- chip 
rovision copy protection. *10U?4a*0matic 
THE DIGITAL VlDEO STABI- .Works on all VCRs a 
LIZER COMPLETELY .Similar units sold else- 
ELIMINATES ALL COPY where for $99 

~ V H F  
C 0 M M U N I CAT I O N S 

PROTECTIONS AND JAM- 
MING SIGNALS AND 
BRINGS YOU CRYSTAL 
CLEAR PICTURES. 

9 00 am - 530 pm 
weekdays 

Weekends and  evenlngs 
b y  appotntment 

COM AEA LARSEN VAN GORDEN 
VIBROPLEX. NYE VIKING FALCON 

~ ~ ~ ~ N ~ E ~ ~ ~  KE~EI~Y~~~ 

WARNING 
M E  DIGITAL VlDEO 

280 Tiffany Avenue Y I I D ~ , V . U . Y ~ J I ~  &A&&"' 

Jarnestown, - New York - 14701 pH. (716)664-6345 - - - - - - 

STABILIZER IS INTENDED 

FOR PRIVATE HOME USE 

ONLY. IT IS NOT INTENDED 

TO COPY RENTAL MOVIES 

OR COPYRIGHTED VIDEO 

TAPES THAT MAY 

CONSTITUTE COPYRIGHT 

INFRINGEMENT. 

Light weight k compact 
.Uses a standard 9 Vob 

battery (lasts 1 - 2 yearn); 

battery not included 

Fast Shipping 

.Air Shipping Available 

.UNCONDITIONAL 30 

days  money  back 

guarantee 

1 year warranty 

Special 

ToOrder: Visa, M/C, COD M-F: 9-6 
1-800-445-9285 or 516-568-9850 
SCO Electronics Inc. Dept. CH6 
531 W.Merrick Rd Valley Stream NY 11580 

4 Channel Signal-to-Noise Voter . f xlland,!l~lc. l i t  I? I . l ~ . ~ r ~ r ~ t . l  hy 1uC,1 AiIil1111l (.,~tib. 
Conllnt~lrl~? Vrlllnq 
LEO Indlc,llal', nl COA all,! V,ilrd Slqnal\ 
Ru~ll In Cal~hrnlor 
n ~ r r l n l ~  Vo!rd Inrl~calnr\ I'tnn~d Out . J' : r 6 Douhlr S~drd I;llld Plal~d 44 P81i C;l~rl 
Rernolr l11?.1hlr IIIII~I!'. 
MfIHk 

B u ~ l t ,  tested and callbraled with manual 

$350.00 
T~lephone ~nlerf,ice now ava~lablc 
For more ~nforrnal~on call or wrlrp 

DOUG HALL ELECTRONICS 
Voter Department 

815 E. Hudson Street 
Columbus. Ohio 43211 

1614) 261-8871 
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ARRL "DIAMOND JUE!lLEEtl NATIONAL 
AMATEUR RADIO CONVENTION 

i&%iII JUNE 2-4,1989 

ARLINGTON CONVENTION CENTER 
' p ( j ~ v F  ARLINGTON, TEXAS 

................................................................................................ S i n g l e  1 I;~ni-(,om I ' r c - l < c g i s l r ; ~ ~ i o n .  S7.(N) l i ~ h  S 
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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. odd 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 17-386-4032 

THE RF CONNECTION 
"SPECIALIST IN RF C O N N E C T O R S  A N D  C O A X "  

Par( No. Detcriplion RIce 
321.11C64.3 INC 2 PST 20 voll c o a l l ~ l  MlW. 

Amphenol 
Insertion Im: 0 lo  0.75GHz. 
0 1OdB 
Power ralinq: 0 l o  0.5GA. 1W 
wans CW. 2 kw peak 
Isolallon. 0.1 GM145db. 0.2 GHu $25 used 
4Odb. 0.4 GHz135db Issled 

83-822 I'L 759 Tellon. Anlphenol 1 75 
PL-259lST UHF Male S~lver Tellon. USA 1 50 
UG.2IOlU N Male RG.8.213. 214. Amphenol 3 25 
UG.21RIU N Male RG 8.213. 214. K~ngs 4 W  
9913lPIN N Male Pln for 9913.9086. 8214 

111s UG-21DlU 8 UG 21RIU N's 1 50 
UG-21019913 N Male lor RG-8 wtlh 9913 Ptn 3 95 
UG 21819913 N Male lor RG.6 w~th  9913 P I ~  5 75 
UG-l46AIU N Male lo  S0.239. Teflon USA 6 00 
UG 83AlU N Fernale lo  SO-239. Tellon USA 6 M) 

"THIS L I S T  REPRESENTS O N L Y  A 
FRACTION OF OUR H U G E  INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Gaithersburg, MD 20877 

(301 ) 840-5477 
V I S A ' M A S T E R C A R D  A d d  4% 
P r t c e s  Do Not Include S h ~ p p f n g  

.,','..1,,,, ...I a,., ............. ,'. ..y.,,,.m 

,lit," arc1 .,, ,,IS. mm<.  l lmr  ,"dii< I. 

l o ~ s e ~ ~ o a r n ~ n ~ r n ~ ~ r n  r.ovrr,nu 1'10 
thru 1296 MHz Ihl5spllr.sol V H F l  
LtHr powrr d~vt r l r r~ar~~t~r ( . rn l " l  RF 
d+~Vlr6~5,1~~1gn~d10rr( tonrtbrrv~rr 
1111. ~ 4 t h  low SWR anrl ttrnad op 
r,rallnq bnndw8dlh 

E ~ I , , , ~ P ~  tndy w m  a 
' t i~~~ i lb leenarn~ l l~n t5h~nadr l~ t~on lo  

a slla.on reallnq at connerlor Ilanyes 
'- ~PIUIIS a ruqqedu<-rt trnlt tot a11 

array ~ n s t a l l n l # r ~ o ~  Avn8lnhle ~ 8 t h  
N type <onnc.Clors only these 

1 \ .  - i.z~tt'i are unrondlllohallv quaran 
,*PO I"# r7 years 

MODEL CONFIG. 
144.2P I2 Dnrl5l 
144-4P 14 POflSl 

220.2P 12 D0'191 
220-4P 14 oort\l 

PRICE 
silt nn 
50 1 00 
z.,3 00 
%rt oft 

STRIDSBERG ENGINEERING. CO. 
@ PO Box 7973 Shrevrporl . LA 71 107 (ISA 

Phone I3181 865.0523 
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THE MICROFARAD 
COUNTER 
By Hans Evers, PAOCX, Wintererstrasse 3, 0-7800 
Freiburg, W Germany 

Y ou can often flnd second-hand electrolytic capacitors 
at amazingly low prices at flea markets and surplus 
stores. The reason? Nobody trusts them (the capa- 

c~tors, that is). 
It isn't always easy to checkthe quality of a polarized capac- 

itor. The number of microfarads may exceed the range of your 
measuring bridge, and it's rather unusual to find provisions 
for applying the necessary DC polarization during the 
measurement. Also, aquickassessment of possible leakage 
in a large capacitor could lead to problems. 

With these considerations in mind, I decided to build a basic 
test box. My efforts resulted in an almost suspic~ously simple 
schematic diagram. Yet the test box (though small enough to 
fit in your pocket) measures not only how many microfarads 
there are with reasonable accuracy, but whetherthe capaci- 
tor under test leaks. Although the circuitconsistsof onlyafew 
discrete components, it boasts an elementary "digital display." 

The amount I spent for materials (practically all were sup- 
plied by my modest junkbox) was rapidly p a ~ d  off when I used 
my new gadget to sort a shoe box full of old, partly used elec- 
trolytic capacitors. The contents of the box had become the 
subject of more and more distrust over the years, and I was 
actually at the point of throwing the whole lot overboard. 

The principle 
The princ~ple of the microfarad counter is that of a capaci- 

tor charged through a res~stor. When voltage is applied, the 
capacitor voltage builds up exponentially starting from zero, 
just as the textbooks specify. Something interesting occurs 
when the elapsed time ( ~ n  seconds) becomes equal to R  (in 
ohms) times C (in farads). You'll find the voltage across the 
capacitor has grown from zero to 63.2 percent of the supply 
voltage: 

If, for example, the supply voltage is 10 voltsand R = l  meg 
(as shown in Figure I) ,  you reach a voltage of 6.32 across a 
l y F  capacitor after 1 second. For an n-pF capacitor this would 
take n seconds. Thus, microfarads can be measured by 
counting seconds. It isn't too diff icult to give the circuit a differ- 
*/ ;! lrrnes 100 p<'n.tsr!l lo becxact 

RC (SECONDS) 

Charging a capacitor through a resistor. 

ent "measurlng range." If you make R = 100 k (ten times 
smaller), each second will represent 10 microfarads. 

Putting this simple principle into practice is altogther some- 
thing else. The voltmeter necessary to determine the 6.32 volts 
would unavoidably establish a bypassaround thecapacitor. 
This, in turn, would behavelikea "leaky" capacitor. Because 
of the leakage, it would take more time to reach the threshold 
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Principle of the Microfard Counter. 

voltage, making the capacitor look larger than ~t actually IS. 

You're left with two choices. You can measure the voltage 
over R and then subtract ~t from the supply voltage. Or use a 
voltage indicator that. at least untrl the threshold IS reached, 
looks llke an electr~cal insulator. I found that the second option 
was the simplest. A wristwatch (or even a stopwatch) isn't the 
most practical time indicator In this case. 

An improved counting system 
There's a better system for counting the seconds. Figure 

2 shows how it's done. The stopwatch has been replaced by 
a light-emitting diode (LED) that produces light flashes for 
counting thecharging time -or ratherthe microfarads. This 
counting mechanism IS swrtched on as soon as the capaci- 
tor startscharglng, and ~sswitched off when thecapacrtor volt- 
age reaches6.2 volts (near enough to the ideal 6.32 volts, for 
the moment). Q2, the actual switching element, actsasa tem- 
porary short across the base of LED driver Q5. 

The initial capacitor voltage IS zero with the power supply 
connected. The base of Q1 begins by looking at -5 volts; Q1 
blocks the base current of Q2 wh~ch, therefore, can't conduct. 
So while the capacitor starts charging, nothing prevents the 
LED from blinking. 

The capacitor voltage grows, and when the 0 1  base volt- 
age arrrvesat +1.2 wrth respect to ground. both 0 1  and Q2 
start conducting because the~r base-emitter junctions now 
have the required 0.6 volt across them. The emitter-collector 
path of Q2 forms a short and the LED stops blinking. When 
this happens, the capacitor (situated between -5 volts at the 
bottom and +1.2 voltsat the top) has been charged up to6.2 

t volts, indicating that t=RC or: C := - 
R ' 

stabilized at 6.2 volts. Wlth the measurement completed, the 
current through R no longer flows into the capacitor; rt frnds 
~ ts  way through the transistors to ground instead. The 
microfarad meter isn't complete yet. As you saw before, the 
capacitor would cause a false reading if there's leakage. So 
for the measurement to make sense, it's essential to know 
whether the capacitor under test is leakproof. 

Leakage detection 
A conventional leakage-current meter would be quite 

something to desrgn. Even leakagecurrents as low asseveral 
microamperes can be significant (remember they are DC), 
especially in smaller s~zed capacrtors. The measured current 
should be totally independent of charge and discharge cur- 
rents; this requrres that a capac~tor voltage remain untouched 
when the meter circuit is introduced. Fortunately, the concern 
when using the test box is whether the leakage is serious 
enough to spoil your measurements. You need not worry 
about the actual amount of current leaked. 

I based my method on the following statement: "Only ifyou 
extract the same amount of electr~city from the capacitor as 
you'veput ~n can you besure that the capacitor isn't leaking." 
In other words, ~f the capacitor after testing is discharged 
under the same cond~tlons as it was charged, the charging 
and discharging processes should take the sameamount of 
time. 

You have to use an unusual technique to discharge the 
capacitor under the same conditions. Instead of being dis- 
charged passively across a parallel resistance (a method that 
would be unsuitable here as the process would follow a differ- 
ent portion of thecharacteristic), thecapacitor isdischarged 
actively when it's supplied with the samecurrent in the oppo- 
site polarity. 

The capacitor connectlons(charged to 6.2 voltsas the result 
of the previous microfarad measurement) are reversed with 
a toggle switch. The positive s~de of the capacitor is now con- 
nected toapoint that carrles +1.2 voltsand the negativeside 
is connected to R (see Figure 3). 

Initially, the base of Q1 seesavoltage of +1.2 volts in series 
with -6.2 volts, equaling -5 volts. Thecurrent through R dis- 
charges the capacitor. When the capacitor is fully discharged. 
the voltage across it IS zero, and the base voltage of Q1 has 
arrived at +1.2 volts. This stops the process. 

Q1 doesn't drfferentiate between charging or discharging, 
and the LED blinks In both cases. When measuring a healthy 
leak-proof capacitor, the LED blinks the same number of times 
for discharge as ~t does for charge. If there are fewer flashes. 
some of the electric charge was lost and you can conclude 
that the capacitor leaks. 

During the entire charge-discharge cycle, the capacitor is 
never subjected to any voltage higher than 6.2 volts. The 
capacitor is left completely discharged after the capacity and 
leakage check. 

The counter 
It seemed appropriate to do some baslc research before 

designing the blinking LED mechanism. I found that theonce- 
per-second flashing rhythm would be exasperatingly slow. 
After doing some experimenting, I decided that a rnoresurta- 
ble counting rate would be two flashes per second. The blink- 
ing is relatively fast, but not so fast that you risk losing count. 
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CAPACfTOR 
JDER TEST 

RC (SECONDS) 

How the capacitor under test is discharged. 

CAPACITORS 
1 0.68 aF25 volt tantalum 
1 4.7 pF 25 volt electrolytic or tantalum 

POTENTIOMETER 
100 k Radio Shack RS271-220 

RESISTORS (all resistors 114 watt) 
R1-R5 see text, 5 percent 
1 220hm 
1 560ohm 
1 4.7k 
1 100 k 
1 560k 
1 5.1 k 

SEMICONDUCTORS 
01-Q5 ECG 123AP or equivalent 
2 78L05 
2 IN4148 or equivalent 
1 LED 

MISCELLANEOUS 
1 PCB FAR Circuits' 
1 DPST miniature toggle switch 
1 DPDT miniature toggle switch 
1 SP5P rotary switch 
2 9-volt battery connectors 

All items obtainable from Radiokit, Box 973, Pel. 
ham, NH 03076, except as noted. 
'18N640 Field Court, Dundee, IL 60118 

Schematic diagram. 
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COMPUTERIZE 
YOUR SHACK 

YAESU 747, 757GX. 7576x11, 767, 9600. 
KENWOOD TS 140, 440, 940, 680, R5000. 
ICOM R71A. R7000. 735. 751A. 761. 781. AND ALL VHF. UHF. CI-V. . . 

DRIVERS FOR RADIOS AAE MODULAR. 
' 

JRC NRD 525. 
COMPLETE PROGRAM ENVIRONMENT. 
MENU DRIVEN AND DESIGNED FOR EASE OF USE. 
SCAN FUNCTION ADDED TO RADIOS THAT DO NOT SUPPORT IT. 
ERGONOMETRICALLY DESIGNED FOR EASE OF OPERATION. 
MOST FUNCTIONS REQUIRE SINGLE KEYSTROKES. 
PROGRAM COLOR CODED FOR EASE OF USE. ALTHOUGH WILL STILL 

RUN IN A MONOCHROME SYSTEM. 
MENUS FOR THE FOLLOWING: 

AMATEUR HF-AMATEUR VHF- AMATEUR UHF 
AM BROADCAST-FM BROADCAST-TELEVISION BROADCAST 
SHORT WAVE BROADCAST 
AVIATION HF(SSB)-AVIATION VHF-AVIATION UHF 
HIGH SEAS MARINE-VHF MARINE 

MOSTPOPULAR F R E O U E ~ ~ E S  ALREADY STORED 
ADDITIONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREOUENCY FILES MAY BE ADDED TO. EDITED OR DELETED 

AVAILABLE FOR IBM PC. X I .  AT. Em86 256K RAM 
1 SERIAL PORT AND 1 FLOPPY MINIMUM 

PROGRAM WITH INITIAL UBRARIES 99.95 
RS 232 TO TTL INTERFACE ONLY (NEEDED IF DON'T HAVE MANUFACTURERS INTERFACE1 
EXTERNAL INTERFACE ALLOWS 4 RADIOS 99.95 
INTERNAL PC INTERFACE WI1 SERIAL 6 1 RADIO PORT 129.95 
5 i ' l  I: IIiIJM ANALY;I H MOOIJLE (CALL FOR PI{ICf I 
COMPI I TE SYSlfMS INCL RAOlO. INTERFACE. COMPUTER. AVAILABLE CALL FOR PRICC) 

DATACOM, INT. 
8081 W. 21ST L A N E  
H I A L E A H ,  FL 33016 

A R E A  C O D E  (305) 822-6028 r /  185 

GREAT 
GIFT 
IDEA 

1 NOW BACK IN STOCK 

HAM RADIO LOG BOOKS 
back by popular demand! 
Room for over 21 00 QSO-that'sover twiceas many 
as the other log books. For contesters, each page con- 
tains 30 QSO's for easy counts. You alsoget the latest 
upto-date frequency spectrum chart. ITU callsign list 
and ARRL DXCC list. Spiral bound to lay flat on your 
desk. Unquestionably the best log bookvaluearound. 

1988. 
HR-LB ................................ Spiralbound $2.95 
HR-3LB Special 
Buy 3 Price. Save 22% ............ Get 3 offer $6.95 

Please  a d d  $3.75 tor 
s h l p p l n g  a n d  handl ing.  I 

HAM I -10 BOOKSTOREI I GREENVILLE. NH 03048 (603) 878- 1441 I 

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

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

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

America's Weekly Guide To Satellite N 
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 TV 

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

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

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

STV Guidetonsat 
PO Box 2384 a Shelby, NC 281 51-2384 
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It's obvious that, with the LED flashing twice as fast, you 
have to correct the RC time to maintain the principle of one 
count per microfard. I compensated for this by changing R2 
in Figure4from 1 meg to510 k. Although this isslightly more 
than the ideal of 0.5 meg, the difference takes care of the 
approximately 1.5-percent error in the 6.2-volt threshold 
(which.ideally should have been 6.32 volts). I also had to con- 
sider the actual lightiflash duration. I soon found out that a 
50150. ontoff LED ratio isn't convenient for visual countlng and 
that shrinking the length of the light pulsemadecountingeas- 
ler. Thereare limits, of course - you can't make thelength so 
small that visibility begins to suffer. Thirty ms seems to be a 
good compromise. 

The drastic reduction in lightlpulse length has more advan- 
tages. You can subject the LED toconsiderably morecurrent 
than the20 mA usually recommended. The68 mA that flows 
throclgh the LED (mainly determined by 22 ohms in the Q5 
collector lead, and to a lesser extent by the collector resistor 
of Q3) vlsibly increases the brightness. Nevertheless, the aver- 
age LED current still isn't more than avery reasonable4 mA. 

Calibration and accuracy 
Calibration doesn't require a capacitor of any standard 

value. The accuracy of calibration depends entirely on the vol- 
tages (the output voltages of the 78L05s, as well as the con- 
stant voltage drops over the diodes and transistor junctions), 
the resistors(R1 and R5 may be asaccurate as desired), and 
the countlng time. You can adjust the factor time by shorting 
the measuring leads (to make the LED flash) and by tuning 
R6 for exactlv two counts Der second. 

The mlcroiarad countets total accuracy depends largely 
on the time you spend on measurement. If you measure a cer- 
tain capacitor In 5 seconds, the unavoidable uncertainty of the 
last diglt may cause an error of 10 percent. But 11 you're will- 
ing to spend almost a minute on the same measurement by 
swltchlng to a lower range, and if the capacitor under test 1s 
leakproof, the dlgital error will be limited to 1 percent. In this 
respect, the elementary counting system of the microfard 
counter is In good company with other forms of digital dls- 
plays, which also leave an uncertainty of at least plus or minus 
one diglt. 

Other design considerations 
I deslgned theclrcult wlth low power supply requ~rements 

In mlnd See F~gures 5 and 6 for the pc board layout and com- 
ponent placement gulde That's why I chose the LED as an 
lndlcator, rather than something llke an acoustlc bleeper To 
ensure long-term battery consumpt~on. ~t seemed necessary 
to use two batteries wlth a double-throw "power" swltch The 
78L05 regulatorsappeared to provlde the cheapest solutlon 
for malntatnlng rellable voltages 

The battery for posltlve supply must dellver an average cur- 
rent of 11 5 mA(rt can beas hlgh as20 mA In the x1OOO posl- 
tlon) The battery for the negatlve supply has to produce 3 5 
mA, thls means ~t should last longer 

Use any common, low-power, slllcone, NPN-type transls- 
tors I used BC 237As from my junkbox You must make an 
exception for Q1 A BC 109C works well because of ~ts hlgh 
betaat verylow currents(1n the "tlmes0 1" posltlon the base 
current 1s only 08  /&I) If you can llve without the tlmes 0 1 
range, you can use a more conventional transistor for Q1 

DUPLEXERS 
TM 

VARI-NOTCH A state of the art design for the suppression 
of transmitter noise. A combination of the deepest notch, lowest 
loss, best passband roll-off 5 114" hgh rack mount models for 
144-174 MHz, 220 MHz. 406-512 MHz. 890-960. MHz 1.2- 1.3 GHz. 

5 114 HIGH RACK MOUNT 

, ATV, Notch, and Mobile aplexers 
aEZ%Emrah* 

TX RX SYSTEMS,INC.. 
PO BOX 105. 8625 INDUSTRIAL PARKWAY, 

ANG0LA.N Y 14006 (7 16)549-4700 
v 179 

Every month Monitoring Times brings 
everything you need to make the most 
of your general coverage transceiver: 
the latest information on international 

I broadcastina schedules. freauencv I . , 

listings, inknational DX reports, 
propagation charts, and tipson howto 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor- 
ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 

1 facsimile and spacecommunications. 
1 ORDER YOUR SUBSCRIP- 

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

P.O. Box 98 A 
Brasstown, N.C. 28902 



Foil side of pc board. 

1 Some electrolytic capacitors have a 
maximum voltage rating lower than 6.5 
volts. Don't measure these with the 
microfarad counter; they may be 
damaged. Capacitors with maximum 
voltage ratings at the other end of the 
scale also require a word of warning. 
When dealing with high-voltagecapaci- 
tors, whether they are electrolytic, tanta- 
lum, or just ordlnary paper-insulated 
type, you must always be aware of 
residual electric charges. They can 
develop even if the capacitor has been 
entirely d~scharged by a complete, long- 
last~ng, full short. It's a good habit to 
short any capacitor (even if ~t 's been 
lying around for some time) before 
doing something with it. 

In any case, it seems advisable to put 
Q1 and Q2 where they can be easily 
replaced if dlsaster strikes. 

Operating instructions 
WARNING: Restdual electrlc charge 

on hlgh-voltage capacitors may dam- 
age the test instrument. Discharge the 
capacitor before connecting. 

Connect the capacitor, wlth the 
switch in position "-C." Observe 
correct polarity. 

R7 R8 R9 

- R1 - 
- R2- 

- R3- 
\ 

-I I- - R4- 

- R5-- 

BATTERIES 

Component placement guide (component side). 

flashes until they stop. Each flash 
represents 1 /LF (or 10 pF, 100 pF, 
and soon, depending on the posi- 
t~on of the range swltch). 
Switch to position "-C." The LED 
will start flashing again. Count the 
number of flashes until they stop. If 
the number IS less than before, the 
capacitor IS leaklng current. 

Observations 
The use of electrolytrc capacttors IS 

usually regarded as an unavo~dableevil. 
Some common problems you may 
experience with these capsare: llmlted 
life expectancy, exaggerated tolerance 
In value, and excessive leak current. 
After building my microfarad counter 
and using ~t to test a large variety of 
capacitors. I've found ~t necessary to 
reevaluate my oplnlon. Not only dld 
there appear to be more leakproof elec- 
trolytic capacitors in my collectton than 
I dared hopefor, but their accuracy was 
generally much better than I expected. 
Most stayed w~thln a toleranceof about 
+15 percent. a 



Wideband Preamp 10-1000Mhz 

D u a l  GasFe t  l o w  n o i s e  
preamplifier for HF, UHF or VHF 
systems. Just perfect for the R- 
7000. Excel lent  f o r  Spec 
Analyzers, Scanners, etc. Gain 20 
Db +/ -  1 DB, -3 Db at 2 8 1100 
Mhz. 1 Db compression of *10 
Dbm. Intercept points 2 4 5  Dbm. 
New shipped price of only 
5124.95. Pa. residents please add 
6% state tax. 

GTI Eiectronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 17-386-4032 
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L0C:WRITL's unlquc lpltl wtrcn 1t11urr a1lO11 f l sr  StrnuI 
Innrow lopling and lcrt prwrwmng I oponfl lcalurrr nnclulr 

Instant call s lgn o r  preftx search 
- Prlnt Edtt, or Vlew records 
- Plenty o f  room for notes R addresses 
- AuIornat~C l~ rne ida te  s larnplng 

1r.l pmcc%sc,r l ra lvrn nutltmatr ulwd urap. C ~ h p r r  <or 
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11, cnnk-r \our nrp\ 01 L1H:WRITE. <s?rnplrlr unth tmlrwtnln 
manual. unl f 4 V5 11'a rnnlrntr ndd $1 VI  laks tnrb 10 

:\etrnparr Cen\ul l ing 
I!O. Rtbrr 5.36, I l s rk inghun~.  1'4 IRV12 

1215) 345-71XJ 

f i g 8 9  U.S. CALL DIRECTORY \ 
(on microtiche) 

Call D~reaory - by callsign .................. $8 
Name I n d e x  - by l a s t  name ................... $8 
Geograph~c I n d e x  - by slatelclty ........... $8 

All three - $20 
$3 shipp~ng per order 

BUCKMASTER PUBLISHING 
Route 3. Box 56 

Mineral. Virginia 231 17 
7031894-5777 vlsalmc 8001282-5628 
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Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferr i te Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
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Joe Car[ K41PV 

PART 1 

HIGH-FREQUENCY 
DIPOLE ANTENNAS 
An unfortunate myth arose In Amateur 
Radlo clrcles some tlme ago People 
came to belleve that large antenna 
arrays were absolutely necessary for 
effectlve commun~cat~ons - espec~ally 
for DX work They tend to overlook 
baslc, but effectlve, antennas that any- 
one can erect and make work The 
s~mple dipole or doublet antenna IS a 
case In polnt Thls antenna IS some- 
tmes called the Hertz or Hertzian 
antenna, because radlo ploneer Heln- 
r~ch Hertz IS sald to have used ~t In h ~ s  
exper~ments 

The d~pole IS a balanced antenna 
wlth two quarter-wavelength rad~ators 
(Flgure I) ,  mak~ng a total of a half 
wavelength The antenna IS usually rn- 
stalled hor~zontally, produc~ng a corres- 
pondlng hor~zontally polarized s~gnal 

In ~ ts  most common conflguratlon 
(F~gure I), the dlpole IS supported at 
each end by rope and ~nsulators The 
rope supports are t~ed  to trees, bu~ld- 
Ings, masts, or some comb~nat~on of 
structures 

As I sa~d before, the antenna length 
IS a half wavelength Remember that 
the physlcal length of the antenna and 
the theoretical electr~cal length often 
dlffer by about 5 percent In free 
space, a half wavelength IS found from 

Equation 1 gives you the physical 
length of a perfect, self-supporting 
antenna that's many wavelengths away 
from any object. But for real antennas, 
the length calculated using this equa- 
tlon is too long. The phys~cal length is 
about 5 percent shorter because of the 
capacitive effects of the end insulators. 
A more nearly correct approximation 
(remember that word; it's important) of 
a half-wavelength antenna is: 

Where: 
L is the length of a half-wavelength 

radiator, in feet. 
FMHr is the operating frequency in 

megahertz. 

Example 1 
Calculate the approximate phys~cal 

length for a half-wavelength dipole 
operating on a frequency of 7.25 MHz. 
Solution: 

= +jX), and at others as a capacitive 
reactance (X, = -jX). At a specific fre- 
quency the reactances are equal in 
magnitude but opposite in sign, so 
they cancel each other out: XI - X, = 

0. At th~s frequency the Impedance IS 

purely resistive, and the antenna is res- 
onant. 

or, restated another way: 
L = M ,fi.rt 6 6  inches 

Unfortunately, a lot of people accept 
Equation 2 as a universal truth - per- 
haps because of books and art~cles on 
antennas that fall to tell ~t all. For exam- 
ple, you must cons~der resonance An 
antenna acts l~ke a complex RLC net- 
work At some frequencies ~t w~ll 
appear as an ~nductrve reactance (XI 

The goal in erecting a dlpole 1s to 
make the antenna resonant at a fre- 
quency that's inside the band of 
Interest - preferably the port~on of the 
band most often used by your station. 
I'll discuss some of the impl~cations of 
this later, but for now assume that you 
have to custom tailor the antenna 
length. Depending on several local fac- 
tors (among them nearby objects, the 
antenna conductor's shape, and the 
conductor's lengthldiameter ratio), you 
may have to add or trim the length a 
bit to reach resonance. 

The dipole feedpoint 
The dipole is a half-wavelength, 

center-fed antenna. Figure 2 shows the 
voltage (V), current (I), and impedance 
(Z) d~stributions along the length of the 
half-wavelength rad~ator element. The 
feedpo~nt voltage is at a minimum and 
the current is at a maxlmum, so you 
can assume that the feedpoint is a cur- 
rent "loop" or "antinode." 

The Impedance of the feedpoint at 
resonance is R, = VII. R, is made up 
of two resistances. First there are 
ohmlc losses that generate noth~ng but 
heat when the transmitter is turned on. 
These losses result because conduc- 

Standard coaxial cable fed half-wavelength dipole antenna. 
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tors have electrical resistance, and 
because electrical connections aren't 
perfect (even when properly soldered). 
Fortunately, in a well-made dipole 
these losses are almost negligible. The 
second contributor is the antenna's 
radiat~on resistance (R,). This resis- 
tance IS a hypothetical concept that 
accounts for the fact that the antenna 
radiates RF power. The radiat~on resis- 
tance IS the fictional resistance that 
would dissipate the amount of power 
radiated away from the antenna. 

For example, suppose you're using 
a large diameter conductor as an 
antenna, and it has negligible ohmic 
losses. If you apply 1,000 watts of RF 
power to the feedpoint, and measure 
a current of 3.7 A, what is the radiation 
resistance? 

R, = P/P 
R, = (1,000 watts)/(3.7)2 
R, = 73 ohms 

2500 
-OHMS 

)v! 
(END) 

V-- 
73 , OHMS 

\ 
(CENTER) 

\ 

I 1 

Plot of current, voltage, and impedance dis- 
tribution along half-wavelength dipole. 

It's important to match the feedpoint 
impedance of an antenna to the trans- 
mission line impedance. Maximum 
power transfer always occurs when the 
source and load impedances (in any 
system) are matched. If some applied 
power isn't absorbed by the antenna 
(as happens in a mismatched system), 
then the unabsorbed portion is 
reflected back down the transmission 
line towards the transmitter. This results 
in standby waves, and the so-called 
standing wave ratio (SWR or VSWR). 

Matching antenna feedpoint imped- 
ance may seem easy because the free 
space feed point impedance of a sim- 
ple dipole is about 72 ohms. You'd 
think this would be a good match to 
75-ohm coaxial cable. Unfortunately, 
the 72-ohm feedpoint impedance is 
almost a myth in practical situations. 
Figure 3 shows a plot of approximate 
radiation resistance (R,) versus height 

above ground (as measured in 
wavelengths). As before, you must deal 
in the approximations found In Figure 
3; here the ambiguity is introduced by 
ground losses. 

Despite the fact that Figure 3 1s 
based on approx~mations, you can see 
that radiation resistance varies from 
less than 10 to almost 100 ohms as a 
function of height. At helghts of many 
wavelengths, this oscillation of the 
curve settles down to the free space 
impedance (72 ohms). At the hlgher 
frequencies it may be possible to install 
a dipole many wavelengths high. On 
the 2-meter band (144 to 148 MHz) one 
wavelength is around 6.5 feet (2 meters 
x 3.28 feetlmeter), so it's relatively 
easy to achieve "many" wavelengths 
at reasonably attainable heights. In the 
80-meter band (3.5 to 4.0 MHz), how- 
ever, one wavelength is about 262 feet, 
so many wavelengths IS a practical 
im~ossibilitv. 

cable. You'd calculate the VSWR as the 
ratio (among other ways): 

Z(, > R,.: 
VSWR = ZJR, 

Zo < R,.: 
(3) 

VSWR = R,/Z,, (4) 

Where: 
Z, is the coaxial cable characteristic 
impedance. 
R, 1s the radiation resistance of the 
antenna. 

Consider an antenna mounted at a 
height somewhat less than a quarter 
wavelength, with a radiation resistance 
of 60 ohms. While not recommended 
as good engineering practice, there 
are many practical reasons why it's 
necessary to install a dipole at less 
than optimum height. If so, what are 
the implications of feeding a 60-ohm 
antenna with either 52 or 75-ohm stan- 
dard coaxial cable? Some calculations 

 here are three tactics you can fol- are revealing: 
low. The first is to ignore the problem 
altogether. In many installations, the For 75-ohm coaxial cable: 
helght above ground will be such that VSWR = Z,/R, 
the radiation resistance is close VSWR = 75 ohms/60 ohrrzs = 1.25.9 
enough to present only a slight imped- 
ance mismatch to a standard coaxial 

0 
0 A/4 A/.? 3A/4 A 5A/4 3A/2 7A/4 .?A 9A/4 5A/2 

HEIGHT ABOVE GROUND (WAVELENGTHS) 

Feedpoint Impedance versus height above ground. 
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Civil Action No. 77-201 9 
Judge Charles R. Richey 

ATTENTION: WOMEN WHO SOUGHT EMPLOYMENT WlTH THE VOICE OF AMERICA (VOA), THE UNITED 
STATES INFORMATION AGENCY (USIA), OR THE UNITED STATES INTERNATIONAL COMMUNICATION 

AGENCY (USICA) BETWEEN OCTOBER 8,1974 AND NOVEMBER 16,1984. 

YOU MAY BE A VICTIM OF SEX DISCRIMINATION 
ENTITLED TO A MONETARY AWARD AND A POSITION WlTH THE AGENCY. 

UNITED STATES DISTRICT COURT FOR THE DISTRICT OF COLUMBIA 

CAROLEE BRADY HARTMAN, et al., 
Plaintiffs, 

v. 
CHARLES Z. WICK, 

I 
Defendant I 

) 

PUBLIC NOTICE 
On November 16.1984, the United States District Court for the District of Columbia found in this class action lawsuit that the United States Information Agen (USIA 
wtheAgenq).indudingtheVoiceo(America(VOA), isliablefor sexdikcriminaliona ainst femaleapplicantsforthe following positionsattheqg?nq. T~?U?I~W?S 
also,fonerly known as the United States International Corf?munic?t~on Agency (~SICA . On January 19, 1988, the Court issued its oplnlon order~ng rel~ef In 
avanety of forms to potenaal class members. Accord~ngly, t h~s  case IS now In the remedial phase. 

JOBS COVERED 
Spedliilly, theCovrt has found that the Agency has didminded agaimt wmen in hiring in the lolbwing jobs: 

.Electronic Technuan (Ocwpatbnal Series 856) 

.Foreign Language Broadcaster (Occupational Series 1048) 

.IntemaIlonal Radii Broadcaster (Other) (Occupational Series 1 W1) 
-Intem&tmal Radb Broadcaster (English) (Occupational Series 1001) 
-Produdion Spedalhl (Occupational Series 1071) 
.W&dEdlta (Occupatbnal Serles 1082) 
.Fareign I n f o r n t h  SpedaliiVForeign AHain SpecialisVFweign Sewim Information Mfimr/Foreign Sewlca Oflimr (Oocvpational Series 1085 and 130) 
-Radb Emadcast Technicim (Occqatbnal Series 3940) 

WHO IS INCLUDED 
Allwomenwhoawghtenpbymntwkh the Agency In any ofthejch listed above between Oclober 8,1974 and Noverrber 16.1984and werend hired may be eligblefa relid. Alsc induded 
arethosewomen whoweredismuragedfrom~lyingfathesepositions during thattimeperiod. Even those women subsequently hired bythe Agencyinsomecqxcity may beentitledtopar- 
tkipate in the remedlal phase of this case. 

Women who sought enpbymentwlth the Agency a8 Foreign ServimOnlcers or Foreign Sewke information Ottlcers may be eligiblelor dmerent kinds d relief depending won the date of ap 
plication and whaher they sough errpbyment at the entry level or mid-level. Women who sought errpbyment with the Agency as level Foreign Senrim Ofticars or Foreign Service 
lnformatbn0tIic.n In the yearn 1974-1977 must use the procedureoutlined below. Women whosought employmentwith the Agency a s m F o r e l g n  ServimOnicersor Foreign Servim 
lnformationOfllmrs in the years 1974-1984 must also use the procedureoutlined bebw. However, women whosought errpbyment with the Agency as- level Foreign Sewlce O f f c e ~  or 
Foreign Service lnformatbnOffimrs In the years 1978-1984 cannot use the pfocedure oullined below, sinm thecourt has ordered an ailernalive famof relid forthem and selected women in 
thk gmup will be nollied Individually as to their rights. 

RELIEF AVAILABLE AND HOW TO OBTAIN IT 
ReWef avallableto daas munbers may lndude amonetary award andlor priorny conslder8im for acurrent poshion with the Agency. n you think you may beenthled to relief, you myClobtaln 
adaim f a n  wmplde k fully. m d  return it tomunselfortheplaintifl dass. Bruce A. Fredridson. Esq.. Webster 8 Fredrickson. 1819 H Street. N.W.. Sulte3W. Washington. D.C.20008 (W 
654851 5). postmarked no later than July 15.1989. 

You myablain a d a i m f o r m i n p e r w n a n d / o r i n ~ :  counselforthephinlifIclass.whoseaddress is l i s d v e ; i n o n f r o m U S l A  F m L y t h  Street.S.W.. 
Washington, D.C. (8:15am -5Xpm). O W i  of Personnel Management (OPM). Federal Job Information Center (First Fbor. Room 1425). 1900 E Street. N.W.. Washington, O.C. (830am 
2:30pm).orlmmareaOPMoff'iceslhmughoutthecountry;inwriting. VOA-Hartman. P.O.Box4M).Washington, D.C.20044. YoushouMcarefully wnslderallquestbnsonthechlmfam~ 
h. and return it tocounsel fortheplaintins. p o  not underanv drcumaurcer, return theclaim lormto the Judge, theCoufl a theClerkoftheCourt. The Judge. the Court and the Clerkd the 
C o u r i ~ t h e  claimlorn and yill not fomu~c la imfwms toplaintilfs'cwnsel. 

PROCESSING OF CLAIMS 
The process f a  handling claims has not been finally dwided. Thus far. the Court has ordered that responding class merrbers demonstrate their potentla1 entitlement to relief at an individual 
hearlngtobe scheduled 8 a later date. However. the Court has resewed the right to reconsider this procedure in the event the number of claims filed makes this approach unmanageable. 

Should Individual hearings be used. youwill befully informed asto thedate and timeof your hearing. Moreover. you willbe entitled to legal representation by cwnselfatheplaintitl d a s ~  or hir 
designeeat nocost to you. Legal counsel will discuss your daimwith you prior to your hearing, help you prepare your cane and represent you at your hearing. You may, of course, retain your 
om anomeyto represent you. 1 you so desire. 

Atthe IndMdual hearing. youwlll be asked to d e m  entitlemnt to relief by shwing that you applied for one a more of h e  wvered positions during the period Oa&r 
1974 and November 16,1984 and that y w  were rejected, orthat you were discouraged tromappiying. Evidence may be required in the tormoftestimony, documents, or both. Onca you have 
demnstratedthesefads, USIA k required topwe& dear and mnvincing evidence, that you were not hired (for&position a w h  you I )  f a  alegititnale. non-discriminatory rea- 
son.suchasfalluretopossessrequisite quaiif'katbns. Should USIA makesuchashowing, you would then beentitled to demonstrate thatthe Agency's reason h merelyacoverforsexdkcrimk 
nation or unworthy of bellel. 

Following the hearing. the Presiding Onicial wlll deciiewhether you are entitled to relief and, if so, what relief is appropiate. You may be enlhled to wages and benefits you would have earned 
U you had been hired (back pay) from the dated your rejection until the date relief b approved. Under the hw, back pay is offset by earnings you may have haddurfng the period. In addition. 
you may befound tobeentitled tofront pay (that is, corrpensatbn into thefuture until an appropriate poslion is aflorded you). Similarly. you may be found tobeentkled toprbrity ms id txabn 
forenpbymentwiththe Agency. H hired, you may furtherbeentitled to retroactivesenioriry wlh theassociatad beneliis and thevalueof any pronations you would likely have had if you had 
notsullered discrimination. 

REQUIRED STEPS TO FILE YOUR CLAIM 
To partidpate in the remedial phase, must omdete W daim fern and return il. POSTMARKED NO LATER THAN July 15.1989, to counsel f a  the plaintin das .  Ywrfailureto 
do so wlll result in your losing all r i g M g u  may k%n this lawsuit. H you have questions about your rights or procedures available to you. you may wntacl counsel forthe plaintifl class: 

Brvcn A. Fredrickson 
Webster 8 Fredrickson 
1819 ti Strwt. N.W.. Suite 300 
Washington, D.C. 20006 
(202/65%8515) 

October 4,1988 /s/ Judge Charles R. Richey 
Date Unned States Distrid Court 

JudgeCharles R. Richey 
4 
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For 52-ohm coaxial cable: 

VSWR = RJZ, 
VSWR = 60 ohms/52 ohms = 1.15:l 

In neither case is the VSWR created by 
the mismatch very significant. 

The second approach is to mount 
the antenna at a convenient height and 
use an impedance-matching scherne 
to reduce the VSWR. You'll find infor- 
mation on suitable impedance- 
matching methods (including Q- 
sections, coaxial impedance trans- 
formers, and broadband RF trans- 
formers) in any good antenna text- 
book. Homebrew and commercial 
transformers can cover most imped- 
ance transformation tasks. 

The th~rd approach is to mount the 
antenna at a height (see Figure 3) 
where the expected radiation resis- 
tance crosses a standard coaxial cable 
characteristic impedance. The best 
height seems to be a half wavelength. 
The radiation resistance is close to the 
free space value of 72 ohms, and is a 
good match for 75-ohm coaxial cable 
(like RG-111U or RG-59lU). 

The dipole radiation 
pattern 

When discussing antennas I keep 
returning to the concepts of directivity 
and gain, which are actually different 
expressions of the same fundamental 
concept. Antenna theory recognizes a 
point of reference called the isotropic 
radiator. This device is a theoretical 
construct consisting of a spherical 
point source of omnidirectional RF 
radiation. It creates an ever-expanding 
sphere as the RF wave front propa- 
gates outward. Antenna gain is a 
measure of how the antenna focuses 
available power away from a spherical 
wave front in a limited number of direc- 
tions (two, for a dipole). This is how the 
concepts of directivity and gain are 
related. 

Always remember that directivity 
and gain are specified in three dimen- 
sions. Many times authors (including 
me) simplify the topic too much by 
publishing only part of the radiation 
pattern (i.e., azimuth aspect as seen 
from above). You, in turn, wind up with 
a pattern viewed from above that 
shows the directivity In the horizontal 
plane. A signal doesn't propagate 
away from an antenna in an infinitely 
thin sheet, as such presentations seem 
to imply, but has an elevation extent in 
addition to the azimuth extent. Proper 

ANTENNA 
AXIS 

6 -  END VlEW OF VERTICAL PLANE 
(ROTATED 9 0  DEGREES 

FROM SOLID FIGURE) 

TOP VlEW OF 
HORIZONTAL PLANE 

ROTATED 90 DEGREES 
FROM SOLID FIGURE) 

Radiation pattern of dipole in free space as seen from two planes (A and B), and three 
dimensionally (C). 

antenna evaluation takes both horizon- 
tal and vertical plane patterns into con- 
sideration. 

Figure 4 shows the radiation pattern 
of a dipole antenna in free space "in 
the round." When the horizontal plane 
is viewed from above (Figure 4A), the 
pattern is a "figure eight" that exhibits 
bidirectional radiation. Two main 
"lobes" contain the RF power from the 
transmitter, with sharp nulls of little or 
no power off the ends of the antenna 
axis. This is the classic dipole pattern 
published in most antenna books. 

I've also shown the vertical plane 
pattern for a dipole antenna in free 
space. Note that the radiation pattern 
is circular when sliced in this aspect 
(Figure 48). When the two patterns are 
combined, you see a three-dimen- 
sional doughnut-shaped pattern (Fig- 
ure 4C) that most nearly approximates 
the true pattern of an unobstructed 
dipole in free space. 

When a dipole antenna is ~nstalled 
close to the ground and not in free 
space, as is the case at most stations, 
the pattern is distorted from that of Fig- 
ure 4. You must take two effects into 
consideration. First and most important 
is that the signal from the antenna is. 
reflected from the surface and 

bounces back into space. This signal 
will be phase shifted by both the reflec- 
tion and the time required for the tran- 
sit to occur. At points where the 
reflected wave combines in phase with 
the radiated signal, the signal is rein- 
forced; in places where it combines 
out of phase, the signal is attenuated. 
Thus the reflection of the signal from 
the ground alters the pattern from the 
antenna. The second factor to con- 
sider is that the ground is lossy, so not 
all of the signal is reflected; some of it 
heats the ground underneath the 
antenna. Consequently, the signal is 
attenuated at greater than inverse 
square law, further altering the 
expected pattern. 

Figure 5 shows patterns typical of 
dipole antennas installed close to 
ground. The views in this illustration 
correspond to Figure 4B in that they are 
looking at the vertical plane from a line 
along the antenna axis. The antenna is 
represented by "R" in each case shown. 
Figure 5A shows the pattern for a dipole 
installed at one-eighth wavelength 
above ground. For thisantenna, most of 
the RFenergy is radiated almost straight 
up (now very useful). This type of 
antenna is basically limited to ground- 
wave and very short skip (when availa- 
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ble). The second case (Figure 5B) 
shows the pattern when the antenna is 
a quarter wavelength above the ground. 
Here the pattern is flattened, but still 
shows considerable vertically reflected 
energy (where it is useless). Now look at 
the pattern obtained when the antenna 
is installed a half wavelength above the 
surface. In Figure 5C, the pattern is best 
for long distance work because energy 
is redirected away from the vertical into 
lobes at relatively shallow angles. 

Dipole construction and 
installation techniques 

According to "conventional wisdom," 
the ideal dipole antenna should be 
installed at a very h~gh  altitude where 
its performance resembles the free 
space model. Unfortunately, comply- 
ing with conventional wisdom IS Impos- 
s~ble - even for antennas in the higher 
end of the HF spectrum. Given that the 
dipole feedpoint impedance is a good 
match for 75-ohm coax~al cable, and 
that the pattern is ideal for long dis- 
tance work when the antenna is in- 
stalled at a height of a half wavelength 
above the surface, it's a good idea to 

try installing the antenna at that height. 
Building and installing simple 

dipoles isn't terrlbly difficult. Figure 6 

Vertical aspect radiation pattern of dipole 
close to earth's surface: (A) 118-wavelength, 
(B) 1W-wavelength, and (C) l2d-wavelength. 

shows the method for building the 
antenna. F~rst, cut the wire radiator ele- 
ments to the approximate length indi- 
cated by Equation 2 plus an additional 
12 to 24 inches; each element will 
finally be a quarter wavelength long. 
The wire can be either hard-drawn 
copper wire or Copperweld"). The lat- 
ter IS a special tough-service steel core 
antenna wire coated with copper. The 
RF resistance of this wire at frequen- 
cies above 1 MHz IS the same as that 
of solid copper wire because of the 
"skin effect" (alternating currents like 
RF flow on the outer surface of the con- 
ductor only). At 160 meters the skin 
effect depth is only 50 microns (2 mils), 
while at 10 meters it's only 12 microns 
(0.5 mils). This means you have the 
advantage of copper conductivity 
along with the strength of steel wire. 

You'll need two end insulators, and 
both are assembled in the same way. 
Pass the wire through the hole in the 
insulator (see Figure 6) to a length of 
about 12 inches. Wrap the wire back 
on itself and wind it around the portion 
of the wire that's left on the other slde 
of the insulator. Make this a permanent 

Center ~nsulalof 

Coax center ~nsulalor 

'Cut OR excess 
from 12" leader 

Construction details of dipole antenna (from TAB Handbook of Radio Communications by J .J .  Carr). 
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Eyelet 
Hanging eyelet 

\ 

4 \ I I Solder lug 

Use of a 1:l balun transformer at the feedpoint (from TAB Handbook of Radio Communi- 
cations by J.J. Carr). 

connection by soldering it and clipping 
off the excess wire. The solder won't 
provide mechanical strength. Its pur- 
pose is to make a good electrical con- 
nection in the presence of corrosion. 

Fix the antenna wires to the center 
insulator in the same way, unless you 
plan to use one of the special center 
insulators now on the market. Make 
these connections temporary until after 
you've tuned and tested the antenna. 
You may have to either lengthen or 
shorten the radiators when tuning your 
dipole. 

Connect the transmission line 
(usually coaxial cable) to the antenna 
wire at the center insulator as shown. 
Attach the center conductor to one 
radiator element and the shield of the 
coax to the other. You need to provide 
strain relief for the coaxial cable; if you 
don't the cable will break after only a 
short period of service. The easiest 
strain relief method is shown in Figure 
6. Simply wrap the cable once around 
the insulator and tie it off with twine. 

Some commercial center ~nsulators 
offer a stra~n relief hole or other mech- 
anism. Many people prefer to use a 1:1 
balun transformer at the dipole's feed- 
point (see Figure 7). The transformer 
has a 1:1 impedance ratio, so it doesn't 
provide any matching. Instead, it's said 
to balance the currents flow~ng in the 
two radiators, and prevent radiation 
from reaching the feedline. While this 
claim has been controversial for some 
time, and the issue is still not resolved, 
the best evidence suggests that the 
pattern of a dipole close to ground is 
most nearly like the ideal pattern if a 
1:l balun transformer is used at the 
feedpoint. In Figure 7 the balun trans- 
former also acts as the center insula- 
tor, so no other arrangement is 
needed. 
Next month ... 

This month I looked at the basic res- 
onant dipole. In part 2, 1'11 discuss tun- 
ing methods for the standard dipole, 
and some additional variations on the 
dipole theme. Q 

antenneX0 
"The Magazine For Antenna Experimenters" 

IF YOU - 
-Have a lousy mobile signal on all bands? 

Need an inexpensive beam for 10 meters? 
*Unsure about using vert vs horiz antenna? 
Need a low noise antenna for 160 meters? 

*Want to design an antenna just for you? 
Need a program for design and plotting? 

*Need to solve a unique problem? 
*Know the hest antenna for harnsats,etc.? 
*Need a disguised mobile antenna? 
Want a cheap automatic coupler system? 

*Just want to learn more about antennas? 
THEN SUBSCRIBE TO - antenneX0 

12 MONTHLY ISSUES is only $1 1.97 for 
USA and possessions. $17.00 foreign. 

antennexw 
PO. Box 8995 Dept. 19 

Corpus Christi, TX 78412 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Semclng "Hams" for 30 years, no rlg 

too old or new for us. 

4033 Brownsville Road 
(-'I Trevose, Pa. 19047 
,4J 2 I 5-357-1 400 4f!v 

INDUSTRIAL UALITY 
REPLACEMENT 1 ATTERIES 

I FOR COMMUNICATIONS I 

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

CORDLESS PHONES .... AND MORE! 

NEW! I.C.E. PACK s4995 

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

7344 TETIVA RD 
SAUK CITY, WI 53583 

ASK FOR OUR CATALOG 

1608) 643-3194 
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HF-Amplifier arcs, pops and 
loud bangs are not normal 

Alter hearing on?! of lhese unpleas.ln1 nolses, dtd you 
dlscover a deceased ampllfler tube. burned bandrw~lch 
COnlaClS. pilled lunlng capacllor plates. a shorted Zener 
bias dtode. or other kaput ampllller parts? If the answer 10 
one or more of lhese questions IS yes. Ihe damage was 
almost certatnly n o t  your lault and n o t  the laulr 01 the 
tube rnanul.acfurer, even I( the ampllt~er tube was replaced 
under E~mac's G very generous warranly The real problem 
1s that 11 IS qulte llkely that your ampl~l~er has an ~nterm~llenl. 
VHF parasllfc osctllal~on 

I1 you know how 10 solder. th~s  problem IS easrly 
corrected b replacing the or~q~nal. margfnally etlect~ve 
[High VHF 6) "paraslt~c-suppreisorsS(7) atth Low VHF-Q 
parastt~c-suppressors {For more Intormation, see 
QST Magazine. Ocl. 1988. page 361 All matenafz. 
Components, tnslrucllons, diagrams and a 430 F sliver. 
solder kll ~ncluded. nolhlng else 10 roundup. Low VHF-0 
Parasit ic-Suppressor- ampltl~er retrottt-k~l? nrp now 
avilllable from l t ~ e  author of this arttcle Prlces slart a1 511. 
delvered vla F~rsl Class Mall. . for a ( I )  or (21 3-5002. or 3 
4002. ampltl~er relrot~l-k~l For Increased duly-c cle optton 
add $2 D-:.wrr Klls are also avatlable tor ~F!wnplrlterd 
(ha1 lvse 5728. 8122, 8873. 8874. 8875. 3CXBOOA7. 3 
1000Z. 3CX1200A7 and 8877 lube types 

t > r  Also avatlable Telt~phone RF lnlerler- 
ence 11lIt.r klls wnlh d~agram and Inslrucl~ons. lour (4) lor $5. 
deltvered via Ftrsl Class Mall 

I! you would lhke lo recelve delalled ~ntormatron and a 
prlce 11s1, use Ihe reader service card. or wrlle dcrecl lo 
Whard L Inlch) Measures. AG6K. 6455 La Cumbre Road. 
Somls. CA. 93066. or n 805 482-3034 Please lnclude 
your home telephone number 11 you wrlle or order a kt1 

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

With the new S-COM SK Repeater 
Controller, you'll be able to conf~gure 
your repeater remotely-using DTMF 
commands. Only the 5K offers thts 
capab~l~ty for just $195, wlred and tested. 

S-COM Industries pflm - PO. Box 1718 
!hi Loveland. CO 80539 

(303) 663-6000 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radto France 
SM Eleclron~c 
20 bls, Ave des Clartons 
F 89000 Auxerre 
France 

Ham Radlo Canada 
C A R F  
P 0 Box 356 
K~ngston. ON 
Canada K7L 4W2 
Prlces In Canad~an funds 
1 yr $38 00 2 yrs $67 00 
3 yrs 590 00 

Ham Rad~o Japan 
Kalsum~ Eleclron~c CO . Lld 
27 5 lkegaml 
4 Chorne. Ola-Ku 
Tokyo 146. Japan 
Telephone (03) 7532405 

Ham Radlo England 
c/o R S G B 

Lambda House 
Cranborne Road 
Potters Bar 
Hens EN6 3JW 
England 
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1500+ WATT TRANSMATCH KIT $169.95 OTHER KITS 
G3RUH. PSK Packet Modem. Satellite 

. . . . . . . . . . . . . . . . . . . . . .  and Terrestrial. .$111.00 
G3RUH. OSCAR 13 Telemetry 

Demodulator . . . . . . . . . . . . . . . .  $144.95 
QRP 20. 5w. 20 meter Transceiver (HR 1/89).$124.95 

. . . . . . . . .  W l  FB 160180 Pre Amp (OST 8/88). $19.95 
K9CW Memory Contest Keyer . . . . . . . . . . .  $ 109.00 
Yaesu FRG-9600. .1 to 60 MHz Converter.. . .$94.95 
20m CW. 15w Transce~ver (H R 6187). . . . . .  .$159.95 

BASIC KIT-INDIVIDUAL ITEMS ,,, ,,, scvR,, . . . . . . . . .  .$199.95 
. . . . . . . . . . .  1 rotary ~nductor 2 8 ~ h .  .$59 00 ~~~t~~~ wired 

2 .  ball drives. .s9 O0 ea. A np SupplylAmer~lronlTenTec Products. .CALL . . . . . . . . . . . .  . . .  
1 . 0-100 turns counter.. . . . . . . . . .  .$65.75 
1 . turns counter, economy (Groth). . .$19.95 BRW PT.2500A Amp' . . . . . . . . . . .  .$1.670.00 

2. var~able capac~tors BBW VS 1500A Tuner . . . . . . . . . . . . .  $388.00 
. . . . . . . . . . . .  25.245 pf  4500 v .  $44.00 ea, Nel.Tech DVK.1OOA (Free Repeat Option). $249.00 

. . . . . . . . . .  
OPTIONS- Ten-Tec Complete Product Line. CALL 

enclosure (pictured In Sept 86 CQ).$64 00 RADIO KIT P.0. BOX 973-C Shipping Extra 

. . . . . . . . . . . . . . . . .  4.1 balun k ~ t .  $22 50 Pelham. NH 03076 (603)635.2235 catalws1.oo 

dials, terminals. chassis. ceramic standofts, hardware, toroids, amp components. B6W coil slock, elc. VtSA'MasterCard 
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Digitar TWR-3 Weather 
Station 

Lrke most New Englanders I'm very Interested 
In the weather I wanted to own weather lnstru 
ments that would prov~de good data, but found 
the cost of most systems prohlbltlve because of 
fancy features 

The D~g~tar serles of handheld weather sta- 
tlons meet my standards The TWR-3. advert~sed 
as the world's smallest computer weather sta- 
t~on, "packs a wallop" of lnformat~on lnclud~ng 
w~nd speed (3 to 250 mph), wind d~rect~on (In 
degrees, two scales), wlnd gust record, lemper- 
ature (-70 to t270 degrees F), h~ghllow tem- 
perature record, and has an opt~onal ra~nfall 
gauge at extra cost 

The TWR 3 reads In Engl~sh or metrlc un~ts 
and can be programmed to scan through ~ts var 
lous funct~ons It operates on house current. 12 
volt DC supply, or ~ts own Internal battery sup 
port I Installed ~t eas~ly ~n less than an hour 

The model TWR 3 IS made by Magnaphase 
lndustr~es Inc and 1s ava~lable from A ~ ~ m u t h  
Weather Star 11845 W Olymplc Blvd Sulte 
1100 Los Angeles Cal~forn~a 90064 for $15995 

de NlGCF 
Circle #301 on Reader Serv~ce Card. 

Mobile data unit 
The TEMPO MPPl TNCIpr~nter comb~natton 

IS a compact unlt for mob~le or portable use 
The processor port~on of the un~t IS compatl- 
ble w~th TAPR TNC 2 and makes use of the 
complete command set W~th 32K ROM and 
32K RAM ~t's possrble to 

store and prlnt all messages recerved 
whlle operating 
store all messages for pr~ntlng w~thrn the 
ROM untt 
store messages to a selected term~nal for 
lmmed~ate or delayed pr~nt~ng 

Spec~f~cat~ons 
Protocol 

AX 25 level 2 
Modem 

AFSK (1200-2200 HZ) 
Processor 

280 software compat~ble 
Mernor~es 

ROM 32K. RAM 32K (I~th~um battery 
backup) 

Commun~cat~on speed 
1200 bps (rad~o Ihnk) 

Termrnal data rate 
120 bps (300 to 9600 selectable), RS 
232C compat~ble 

Power reqil~rement 
138 volts DC at 700 mA 

Prlnter 
Thermal Ser~es dot 40 charactersll~ne 24 
characterslsecond 

Paper 
Thermal 3 118 Inch paper tape 

Controls 
ONIOFF manuallauto select paper feed 

lndlcators 
POWER on Tx Rx STAtus CONnected 
PTR 

Connectrons Rad~o rnterfacc (5 prn) 
Term~nal Interface (DB-9) 
Power DC (2 pln) 
The mobtle data termlndl IS sh~pped corn 

plete w~th cables for corinect~ons to a trans 
celver computer serral port (RS 232C) and DC 
power source Also Included are the Installa 
tron and user's manual and a spare roll of ther 
ma1 paper An AC Adapter for supply~ng DC 
power from the 117 VAC l~ne and a techn~cal 
manual complete w~th schemat~c are opt~onal 
The technlcal manual IS recommended for 
understanding the clrcurtry Its very nelpful rf 
you re just gett~ng started In packet as the 
~nstallat~on and users manual IS br~ef 

lnstruct~ons for connect~ng the unlt to your 
VHF transce~ver and computer are stra~ghtfor 
ward and well documented You'll have to pro 
v~de the proper rad~o and computer plugs to 
match your equipment but the MPPls are 
already mounted on the~r cables w~th the other 
ends left as fly~ng leads 

I tested the un~t  w~th three d~fferent trans 
celvers ICOM 25A Kenwood TM 221A and 
Kenwood TM 621A The ICOM and Kenwood 
un~ts had d~fferent connect~ons so I made an 
adapter to Interchange the unlts easlly I also 
used two d~fferent computers an IBM PC XT 
and a Rad~o Shack Model 100 (lap top) unlt 

In~t~allzatcon of the MPPl was easy and well 
outllned In the manual prov~ded You rnust load 
the termlnal s RAM w~th the proper defaults 
and your callslgn on lnlt~al setup Then your 
term~nal IS ready for base or remote use 

I d ~ d  base stat~on test~ng wlth the tran 
scelvers connected to a stacked palr of Yag~s 
I made contacts wlth stat~ons as far away as 
Montreal Canada by uslng d~g~pealers The 
un~t was very tolerant of audlo level varlat~ons 
and d ~ d  not drop messages dur~ng per~ods of 
fadlng or when the audlo level was lntentlon 
ally var~ed uslng the galn control My mob~le 
test~ng Included travel~nq d route that passed 
through known weak s~gnal and rnult~path 
areas I copled a couple of bulletlri boards w~tn 
out fault and left messages for other users 

Th~s unlt IS Ideal for emergency communl 
cations Amateurs ~nvolved In ARES act~v~t~es 
should cons~der ~t for remote ooerdt~on The 
TNC port~on of the unlt IS a complete proces 
sor In Itself and d~rectly controls the prlnter 11 
can be used as a recerve only monltor for mes 
%ages w~th prlntout act~vated when con 
venrent 

My only d~fflcult~es were due to "cockp~t 
errors" because I have l~m~ted packet exper- 
lence It's well worth the extra cost to order the 
technlcal manual 

I d  l~ke to thank B~ll Burden. WBlBRE for 
rldlng coprlot and operator durlng the mob~le 
testlng 

The MPPl sells for $395 and IS available 
from HENRY RADIO, 2050 S Bundy Drlve, Los 
Angeles Callforn~a 90025 

de WAlTKH 
Circle #302 on Render Service Card. 

Cushcraft 124WB-element, 
2-Meter boomer antenna 

Here's a neat compact antenna that can be 
used In a number of appllcat~ons It's perfect 
for packlng to the top of a mountarn or hrgh 
h~l l  frre ~t up on 2 meter SSB, or use ~t for 
repeater DXlng Apartment dwellers can sneak 
th~s antenria Into almost any locat~on and get 
the beneflt of dlrectlvlty and galn For me ~t 
slmpl~fled connecting Into the local DX spottlng 
packet network 

In the past I had been uslng e~ther a 
horizontally polarlzed antenna or a 518 wave 
vertlcal Unfortunately anytime I rotated the trl- 
band beam I lost the packet network There 
was also a 20 dB s~gnal loss between my 
honzontal beam and the packet clusters ver 
bcally polarlzed antenna The vertlcal, well rt 
never worked rlght 

Cushcraft s 4 element boomer IS elegant In 
~t's slmpl~clty Construct~on IS stra~ghtforward 
and takes just a few m~nutes Because of the 
small slze thls antenna can be shoehorned 
Into almost any locat~on 

The 124WB w~ll tune 144 148 MHz w~th a less 
than 2 1 SWR Cushcratt rates the forward galn 
at 10 2 dBd wlth a front-lo back ratlo of 19 dB 
Assembled w~nd area IS less than 6 Inches and 
the antenna we~ghs less than three pounds 
The retall prlce IS $60 If you want more gain 
stack~nq ~nstruct~ons are Included 

From the top of the tower to the att~c (where 
mlne IS) rnstallatlon IS not a problem and takes 
just a few m~nutes Later thls sprlng I'll move 
the anterina to the tower to gain a few addl 
t~onal vertlcal feet Now that I m uslng the 
124WB I can get Into the packet network w~th 
ease The forward galn and d~rect~v~ty glves me 
a better chance at connecting Into the network 
even dur~ng ~ts busy t~mes 

For further lnformat~on contact Cushcraft 
Corp PO Box 4680 Manchester New Hamp 
sh~re 03108 

de NlACH 
Circle #303 on Reader Service Card. 
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Ham Radio3 guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
A-TECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 Sepulveda Blvd. 
Culver Crty, 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 Special~sts. 
TenTec, Yaesu, JRC-NRD, Sony . MFJ, 
KLM, and other f~ne gear New and used. 
VlsaIMC. Antennas, books, discount prices 
too! 

COLORADO COMM CENTER 
525 East 70th Ave. 
Surte One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stockrng all major l~nes 
Kenwood Yaesu, Encomm, ICOM 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 06114 
(203) 527-1881 
Call today. Fr~endly one-stop shopp~ng 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Pike 
Wilmlngton, DE 19803 
(302) 478-2757 
Delaware's Frrendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle. DE 19720 
(302) 328-7728 
(800) 441-7008 
Icom. Ten-Tec, Microlog, Yaesu, Kenwood, 
Santec, KDK, and more. One mile off 1-95, 
no sales tax 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwater, FL 33575 
(813) 461-4267 
Clearwater Branch 
West Coast's only full servlce 
Amateur Radro Store 
Hours Mon.-Fri. 9-5.30. Sat 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave. 
Orlando. FL 32803 
(305) 894-3238 
Fla. Wats. 1 (800) 432-9424 
Outs~de Fla: 1 (800) 327-1917 
Hours Mon.-Frl. 9-5:30, Sat. 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 
Kenwood, ICOM. Yaesu, Hy-Ga~n, Cush- 
craft. AEA, KLM, Trl-Ex Towers, Fluke, 
Belden, Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO. Box 234 
Preston, ID 83263 
(208) 852-0830 
Mon. 9-2; Tues.-Frl. 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 
Chicago, IL 60630 
(312) 631-5181 
Hours: 9.30-5:30 Mon., Tues., Wed. & F ~ I . ;  
9 30-8:00 Thurs; 9:OO-3.00 Sat. 

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, Kantronlcs. Full service 
dealer 
M ~ ~ , . F ~ ~ ,  10.7, sat, 9.5 

MASSACHUSETTS 
TEL-COM, INC. 
675 Great Road. Rte. 119 
L~ttleton. MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MlSSOURl 
MISSOURI RADIO CENTER 
102 NW Bus~ness Park Lane 
Kansas Clty, MO 64150 
(800) 821-7323 
M~ssour~: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prrces 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Dr~ve 
Las Vegas, NV 89106 
(702) 647-31 14 
Dale Porray "Squeak." AD7K 
Outs~de 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 SunlHol~days 

NEW JERSEY 
ABARIS SYSTEMS 
276 Or~ental Place 
Lyndhurst, NJ 07071 
(201) 939-0015 
Don WB2GPU 
ARRL, Astat~c, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen. RF 
Concepts, Tonna and much, much more1 
Tues.-Frl. 10AM-7:30PM 
Thurs. 10AM-9:OOPM 
Sat. 10AM-4:OOPM 
VisaIMC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distr~butor of: KLM, Mirage, ICOM, Larsen, 
Lunar, Astron. Wholesale - retail. 
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ham radio! 

MADISON ELECTRONICS SUPPLY 
3621 Fann~n 
Houston. TX 77004 
(713) 520-7300 
Christmas? Nowm 

MISSION COMMUNICATIONS 
11903 Ale~f Clodine 
Su~te 500 (Corner Harw~n & Klrkwood) 
Houston. Texas 77082 
(713) 879-7764 
Now ~n Southwest Houston-full line of 
equipment All the essent~als and extras for 
the "ham." 

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4828 W Fond du Lac Avenue 
M~lwaukee. WI 53216 
(414) 442-4200 
Wlsc. Wars 1 (800) 242-5195 
Outs~de Wlsc. 1 (800) 558-0411 
Mon.-Frl. 9-5 30. Sat. 9-3 

Dealers: 
YOU SHOULD BE HERE TOO! 
Contact Ham Radio now for 
complete details. 

NEW'YORK 
BARRY ELECTRONICS 
512 Broadway 
New York, NY 10012 
(212) 925-7000 
New York C1ty.s Largest Full Serv~ce Ham 
and Commerc~al Rad~o Store. 

VHF COMMUNICATIONS 
280 T~ffany Avenue 
Jamestown. NY 14701 
(716) 664-6345 
Open 8:00 AM till 5.30 PM 
Evenlnqs, Saturday and Sunday by appolnt- 
rnent. Western New York's flnest Amateur 
dealer Featuring ICOM "The World System." 

OHlO 
AMATEUR ELECTRONIC SUPPLY 
28940 Euclld Avnue 
W~ckcl~ffe, OH 44092 (Cleveland Area) 
(216) 585-7388 
Ohlo Wats: 1 (800) 362-0290 
Outs~de Ohlo 1 (800) 321-3594 
Hours Mom-Frl. 9-5:30. Sat. 9-3 

DEBCO ELECTRONICS. INC. 
3931 Edwards Road 
Clnclnnat~. OHlO 45209 
(513) 531-4499 
Mon -Sat. IOAM-SPM. sun. l2~oon-GPM 
We buy and sell all types of electron~c parts. 
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UNIVERSAL AMATEUR RADIO. INC. 
1280 A~da Dr~ve 
Reynoldsburg (Columbus), OH 

43068 
(614) 866-4267 
Featuring Kenwood. Yaesu. Icom. 
and Other line gear. 
ized sales and serv~ce. Shortwave 
spec~al~sts Near 1-270 and alrport 

PENNSYLVANIA 
HAMTRONICS, 
DIV. of Trevose Electron~cs 
4033 BrOwnsvllle 
Trevose, PA 19047 
(215) 357-1400 
Same Locatton for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antonlo. TX 78238 
(512) 680-6110 
(800) 344-3144 
Stocklng all major Ilnes. San Antonlo's Ham 
Store. Great Prlces - Great Servlce. Factory 
authorized sales and servlce. 
Hours: Mon.-Frl. 10-6, Sat. 9-3 

ANTENNA ANALYSIS 
1'111. nc,w .\IN progr;lni w~11 an;~lyrv  ;tltnn$t nny ;tnlcmr!n 
niodr nf w r c  or t u h ~ n g  ( 'omputr rorw:~r~l  gmn. F'l1. 
tx.nniw~dll~. s id~l~111~~1.  r ~ i r r r n l ,  t n ~ p ~ d i ~ n c r .  S\\'I<.  PII IT- 

f i ~ l d s .  :tnd Car-fir.ldc. In I'rrr PI);ICP or nwSr r e i ~ l ~ ~ l i c : ~ I I v  
modrlrd r ; r r t l~ .  I'IIIL ;~nlt.nn;b r:~<lt:~tton p;tltr.rns on your 
~ m p I n r ? ; s r r e e n .  .\IN c ; lncr l rnp~~lr  the  ~ntrr:lrtlnn :Imnng 
prveral n m r b y  ;lntdsnn:rr Thr 5-1'4" %IN d ~ s k  contain.; 
o v r r  100 filc-s. inclnrlanl! l ihrnnc~s  of ;~nt rnn; r  a n d  plr~t 
files. ;I lilc r d ~ t o r .  ;tnd t ~ u t r n s ~ s r .  dnrunirnl;11111n. .\IN Be 
a n  rnhanrcd.  r;~s?-ln-u.;v vrrsion of.\IININI:l' for I1tl1- 
I'C Si5  ISHO CA & fnrri).?? I 

YAGI OPTIMIZER 
'l'hr rrnlnrknhlc nc\v YO I,ri,prnnl ntrlr~ntoltc (rlh z~rlju+ls 
Y:I* r l r n ~ < ~ n t  Irngtl~.; and ,slr:tr~ng~ to mnxlrnlrr, foru.;~rd 
gnln, o p t ~ n ~ v r  p ; t t t rm,  a n d  nllrurnlzc. SW1< R : ~ d ~ ; l t i ~ r n  
p;illrrns ill hand r4,nlrr i ~ n d  rdges  rlrr ~ l p d i ~ l c d  1111 your 
s r r r r n  dlrring c ~ p l ~ m ~ z ; l t ~ o n  YO ts rx l r r rn t~ly  l i ~ s t ,  rom- 
p u t ~ n g  scwrral L~i;*l Y;ig~ d r s i p i s  per .srrnnd wit11 H0H7. 
YO 1s a cornplrtr Y:IL~ ddr*s~gi p:lrknpr for II~.\1-I'C. 
c o n t n ~ n ~ n g  modrls Ibr C ~ I I I I I I I ; ~  i~nrl I i : ~ ~ r p ~ n  n ~ ; ~ t r l l i , ~ ,  r l r -  
mpnl 1;tpr~ring. nlmlntlnl: ~ l l ; l l r s ,  rlncl fr<,qIlrrlcy srllllng 
A lihr;i- of l'np fililrs nnrl t.xlrnsivr. docunirnt:~lron ;~rr ,  
~ n r l u d r d  890 IS85 ( ' A X  f o r ~ ~ i p n l  

To onlvr. WII,/ o r h w k  1 , ) -  
nnnn IICCIIPP. KI;STI, 507-1 '2 T;~ylrvr. Vtstn. (.A 920X.I 

SMART REPEATER 8 UNK CONTROLLER 
DTMP W n N G  

IWTELLICIENT ID'ER 
W X K I M Y  OUTPUTS 
EASY T O  INTERFACE 

REPEATER L LINK COURTESY TWES 
'LOW POWW 22ma b8.12V 

TELEMEIRY R & O N S E  TONES 
'ALARM W I T O R  INPUT 

SYNTHESUBD UNW REMOTE BbSE 
CAPABIUPl mTH O r n N A L  
PI-106 BYNIHESIZEA BOARD 

SRC-10 - S149.oofPI-1O/S - 539.00 

REPEATERNNK AUDIO MIXER INTERFACE 
FIVE AUMa INWTS 

THREE UUUSTABLE AUOK) OUTPUTS 
CTCSS DECODeR ON UAl.20 ONLY 

CONTROLLED DTMF ROUTING 
LOW POWER, 19me r, 12V 

EASY TO INTERFACE 
UNK MONlTOR.MIX/MONITOR 

MUTe CONTROL 

UAI-10 - S44.00/UAI-20 - 589.00 
ASSEMt3LOD 6 TEStED 
ONE YEAR WARRiWTY 

CREATIVE CONTROL PRODUCTS 
31 85 Buntlng Avenue 

Gnnd Junctbn, CO 81 504 
(1031 434-9406 

Ham Rad~o/May 1989 103 



NEW PRODUCTS 

Ultra-compact IC-725 HF 
transceiver 

ICOM lias tritroduced a new compact lC.725 
HF transceiver The all-mode IC-725 features 

USBILSBICW transm~tt~nq and recelvlng 
AM recelvlng Opt~onal module no UI-7 for 
FM transmttlrece~ve and AM transm~t 
26 tunable memorles w~th band stacklng 
reg~sters. 
DDS (Direct D~g~ta l  Synthes~zer) system. 
Built-in AH-3 controller Opt~onal AH-3 aulo- 
mattc antenna tuner ava~lable. 
Three scanning systems. programmable. 
memory. and selected mode scan 
Pr~or~ty watch. 
105-dB dynam~c range recetver 
160 through 10-meter operat~on. Shorl-wave 
receptron from 30 kHz to 33 MHz. 

Other features Include Panel-selectable RF 
preamp and attenuator, dual VFOs. notse 
blanker. RIT, sern~.break In CW, selectable AGC. 
full.duty cycle, and opt~onal narrow CW fllter 

The suggested retall prlce of the lC-725 1s 
$949. 

For more tnformat~on contact ICOM Amerlca. 
Inc.. 2380 116th Ave. N.E . PO Box C-90029. 
Bellevue. Wash~ngton 98009-9029. 

Circle 6304 on Reader Service Card. 

Handheld frequency 
counter 

Oploelectron~cs Inc introduces 11s new hand 
held frequency counter model 2210 It has low 
frequency coverage down lo 10 Hz and micro- 

wave coverage up over 2 2 GHz The counter 
runs on Internal NlCd battertes and comes w~th 
a metal cablnet and prectslon quartz lirnebase 
oscrllators A full llne of accessortes tncludes 
antennas probes, and carry case 

Input sensiltvlly 1s less than 10 mV from 10 Hz 
to 2 GHz. 3 mV IS typlcal Accuracy IS 1 PPM 
w~th temperature compensated crystal osc~lla- 
tors Resolut~on IS 1 Hz below and 100 Hz above 
12 MHz A full 16 hour recharge y~elds 2 hours 
ol battery operatton Use an AC adapterlcharger 
to operate when recharging 

The model 2210 sells for $189 complete w~th 
NiCd batter~es and charger The model TA 100s 
telescoping wh~p antenna IS $12 and the vtnyl 
carry case IS $10 For more lnformat~on contact 
Optoelectron~cs Inc 5821 N E 14th Avenue 
Fort Lauderdale Flortda 33334 

Circle #305 on Reader Service Card. 

Super performance battery 
packs 

Per~pliex, Inc offers battery packs that are 
compat~ble w~th the following Yaesu rad~os FT 
727R, 109RH. 209RIRH. 709R. 103R. 203R and 
703R 

For more informat~on contact Periphex, Inc . 
149 Palmer Road. Soulhbury. Connecttcut 
06488. 

Circle #306 on Reader Service Card. 

New free catalog 
from MFJ 

MFJ Enterpr~ses, Inc announces thetr new full- 
llne 16-page 1989 MFJ Amareilr Rad~o Acces- 
sones Catalog 

Over 80 Amateur Rad~o accessorles are fea- 
tured, lncludlng the MFJ-1278 Mult~.mode Data 
Controller. the MFJ-931 Arl~f~ctal RF Ground, and 
over ten new MFJ products 

Also featured IS MFJ's full l~ne ot keyers. ftllers. 
packet rad~o controllers, computer Interfaces. 
dummy loads, ham sotfware. antenna sw~tches. 
speaker, wattmeters, R-X nose br~dge, antenna 
br~dge, antenna current probe, code practlce 
oscillator, clocks and other ham equtpment 

To recelve your free copy call loll free 800-647. 
1800 or wr~te MFJ Enterpr~ses. Inc.. PO Box 494. 
Mlssiss~pp~ Stare MISSISSIPPI 39762. 

Circle #307 on Reader Service Card. 

The FNB-4SH. 12.voll 1-Ah battery IS double 
the capactly of the or~glnal FNB-414A battery 
pack. and IS compatible wtth the Yaesu NC-15 
base charger The FNB-4SH 1s prlced at $71 

The FNB-4SL. 12-volt 0.75-Ah battery has 150 
percent of the capaclty of the ortglnal FNB414A 
battery pack, and is also compat~ble w~lh the 
Yaesu NC-15 base charger. NC-18B. and PA-3 
trlckle charger. This pack IS prlced at $65. 

The FNB-3s. 96-volt 1.2-Ah battery IS almost 
triple the capac~ty of the orlg~nal FNB-313A bat- 
tery, and 1s des~gned as a long-lde battery pack. 
The FNB-3s IS completely cornpat~ble w~th the 
Yaesu NC-15 base charger, NC-18B, and PA-3 
trlckle charger. The price of the FNB-3s IS $60 

All battery packs Include overcharge, over 
temperature, short-ctrcu~t protect~on, and a 1- 
year warranty 

Macintosh WeFaxWorks 
WeFaxWorks IS a program lor the Apple 

Macintosh computer .[ha1 allows recept~on of 
weather maps and charts on a standard Macrn- 
tosh uslng Kantrontcs KAM all mode tntertace 
During llve recept~on the screen scrolls auto- 
matlcally Synchronrzat~on IS strnple polnt the 
mouse at the sync mark and cllck once Th~s 
causes the recelved and d~splayed stgnal to be 
al~gned wrth the left edge of the Maclnlosh 
screen 

The entrre ptcture IS saved tnlo a buffer as 11 s 
belng rece~ved Once you extt the recetve mode 
you can select the buffer display and the cap 
lured plcture wtll appear on the screen 

The buffer contents can be saved to dlsk by 
chooslng 'Save " from the F~le menu and a 
saved WeFaxWorks map can be recalled from 
dlsk wtth the ' Vtew F~le " select~on The buffer 
contents are erased when you enter the 
"Recelve L~ve" mode. or when a map IS recalled 
from the dlsk 

Maps are pr~nted w~th MacPa~nt format flles 
The port~on you want to prlnt 1s brought to the 
screen uslng the Dlsplay Buffer mode and scroll 
bar These f~les are In MacPa~nt formal and can 
be opened, touched up, and pr~nted wtth Mac- 
Palnt 

For more ~nforrnat~on contact Kantron~cs at 
1202 E. 23rd Street. Lawrence. Kansas 66046 

Circle #308 on Reader Servlce Card. 
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Have you been trawling the bounding main for r new product? We have just 
netted it-the TP-38 microprocessor controlled community repeater panel which 
provides the complete interface between the 
repeater receiver and transmit tcr. Scuttle 
individual tone cards, all 38 EIA standard - 
CTCSS tones are included as well as time and h ~ t  I I C C U I I I L I ~ B ~ ~ ~ \ .  p rogr i~~ i l~ i i i~b l~  
timer\, tone translation. and AC power supply at one low price of$595.00.The $595.00 each 
TP-38 is packed like a can of sardines with features. as a matter of fact the only $59.95 IYI"I'F module 
additional option is a DTMF module for$S9.95. This module allows complete $149.95 Digital CTCSS module 
offsite remote control of all TP-38 functions, including adding new customers or 
deleting poor paying ones, over the repeater receiver channel. 

Other fe:~tures include CMOS circuitry for low power consumption. non-volatile 
memory to retain programming if power loss occurs. immunity to falsing, pro- 
grammable security code and much more. The TP-38 is backed by our legendary 
I year warranty and isshipped fresh daily. Why not set passage for the abundant waters 
of Communications Specialists and cast your nets for a TP-38 or other fine catch. 

COMMUNICA TIOMS SPECIALISTS, INC. 
426 West Taft Avenue Oran e, CA 92665-4296 

p-<ocal (7141 998-3021 FAX (7147 974-3420 1-1 
Entire US.A. 1-800-854-0547 a 



~ ' v e  bought our replacen IS befc 
DU CAN BUY DIRECT FROM , ,, . HE MANUFAGTUF--. .. 

- 
nent b 
IJS- TI 

- 
atterie 
,.- - - .  

FOR A1 
REPLA 

- - 

WUNICI 
DS. 
- - 

SUPER 7s  Rc 8s  
13 2v @ 1100MAH 
9 6v @ 1200MAH 

- - msUw,,,-- ----- - 
I SEE US I N  

DAYTON 1 M a s t e r c a r d  and V ~ s a  

1 c a r d s  accepted NYS BOOTHS 
r e s ~ d e n t s  add 81/4O/o -V & W ASSOCIATES 558 & 559, 
sales t a x  Add $3 50 FOR SHOW 
fo r  postage and Parsons Boulevard, Flushing, N.Y. 1 1354 
handl~ng 

v ORLD WIDE DlSTRlBUTOlSHlPS AVAILABLE. PLEASE INQUIRE. 

In U.S. 6 Canada Call Toll Free (800) 221-0732 IN NYS (718) 961 -2103 Telex: 51060 16795 FAX: (718) 461-1978 

! '@ 
with 
THE 

d 
) 

(2 
HAZER 

Bring things down for 
safety and convenience. 

Never clfmb your tower again wllh Inis elevator syslem. An. 
tennasand rotator mount on HAZER. complele system tnms 
lower In vertical upright wsltlon Salely lock system o p  
erales whlle ralslng or lowedng Never can lall. 

Complete klt Includes wlnch, 1W It. o l  cable, hardware and 
Inslrucllons. For Rohn 20and 25 G Towers 

Hrver2.Heny duty alum. I 2  sq It load U11.05ppd. 
tiiuer5Standard alum 8sq It. load s ~ . @ s  ppj. 
H~rer4.Heavy gal" SIWI 16sq. It. load S281.95ppd. 

NEW for ROHN 45 and 55 Towers 
HuaBHemy  duty galv, a t ~ l  18 sq. 11, load CALL 
Ball Thmsl BaarIng TB.25 lor MY of l b w e  $69.50 ppd. 
SMd lor h.. dmlall* 01 .lurnlrmm (mn .pclHcally 
a n g l n m d  l o r u u  wllh Ih. Hmr .  Twodaa: Y.l3(13'wld.) 
andM.llIl8"wld.LAl1 bol:.dconstrucUon.mwlda.Eaar lo  

I Batlsl.cllon gunantad. Call loday and chug. to VIu, 
Ya.l.rCard or mall chock a mowr ord.1. 
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Tell 'em you saw it in H A M  RADIO! 

NEMAL ELECTRONICS. 
.Complete Cabk Assembly faciliiics MIL.SlD4520R 
*Commercial Accounts welcome- Quantity pricing .%me day shipping most orders 
*Factory auihorizcd distrihutor for Alpha, Amphenol, &Iden, Kings, Times Fiber 

Call NEMAI, for computer mbk, CATV cabk, Plat cabk, semi-rigid cabk, telephone rsbk, 
crimping tools, D-sub connectors, heat shrink, cahk tics, high volt* conrmtors. 

HARDLINE 50 OHM 
........................ Fxa 12 l / r  Aludnm Black J.clr& 89m 

...... FLCl2 l / r  C.Wewww can. c- blL /n 1 69111 
FLC78 7/B CaWw- can.co~psr bOr IM ........ 25m 

N M l X C  N corm l / r  can coppw mfl ............ 25 00 
NM78CC N corm 7 / B  can c o w  mfl ............ 54 00 

COAXIAL CABLES (per I?) 
11W BELDEN 9813 vwfy low IOU .......................... 55 
1102 RGBfl BJU aNsM W 1- 119 e........ 36 

............................ 1110 %ax ma t ~ e ~  ( m ~  8) l 7  

113J f f i213 f l  85% S h W d  d l  W Kb' In ........ 39 

1140 R(;214fl dw silver rhtd d l  .................. 1 85 
........... 1705 R G l 4 2 9 p  dbl slhw llJ4 h h  Irr 1 50 
......... rs ro  RG217fl XI ohm wl( d u  rNd 98 
.......... 1 4 X I f f i 1 7 4 f l  XI dm . l W  o d d  rp.c 14 

ROTOR CABLE4 CONDUCTOR 
..................................... ~ r m z  2-lag. nd e22ga 25 
..................................... ~ l d l ~  2-16g. d 6-20g. 39 

CONNECTORSMADE IN USA 
...................... NE720 T p  N phg la B.ldwr W l 3  $396 

.......................... NE72.3 T p  N JEC la E d d M  9913 4.W 

m w  knphnd FVSB .............................................. tW 
m g g n  ~ J O  w m  &n/dht pH*d ...................... 1.5~2 
m58r~( ~mphsnd ~~ (bmd). .................. I 65  

............... f f i  l75/VC 178 reducw lor RGSB/SB (sp6clty) .22 
U G ~ ~ D S  N plug lor ~ ~ 8 , 2 1 3 2 1 4  silver ...................... 3.3 
ffim N ra m g g  d m ,  wnm .................... I I X I  

SO230 b N plug .dW, fellon IISO ................. 
f f iz55 so230 to BNC plug .d.phr, -. ........ z2" 
~ 0 2 3 9 4 M  UHF c h t t i r  m( rscephcleA&wfwI ........... 89 
UGRRC BN, pRlg ~ ( ; ~ 8 ,  ?23 1 4 5  

GROUND STRAP-GROUND WIRElper n )  40 
C S 3 8 3 / 8 ~ c o p p r b d d  ................................ 
GS 12 l / T  ti& copper &dd ............................... 50 

.............. GSZOO 1. ip- h s y  t~md cappw M 2 00 
.......................... HWW 69. /n~u(.ISd s b n d . d  d m  39 

................. Awl4 149. sbvdsd Antema d m  CCS l 4  

Prirff do n111 i nc l ude  shipping. $3 m i n i m u m .  Kcalhlactrrrard 5.30 min. ('OD add $3.00 
Cdl or ml(e la ceonple(e p i c e  list N d f  new 40 pnge CABLE AND CONNECTOR SLECT* GlHDE ia ~ d 7 . b l e  
.r no chugs w t ~  order$ 01 $50 of rms, or d . coat 01 $4 with c d U  a g v ~ f  m.( v d ~ l y l r )  &a. 

NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami, FL 33161 
(305) 8933924 Telex 6975577 24hr FAX (305)895-8178 
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KIT, ONLY $675 
1 WIRED $975 
1 VHFOR UHF 

I FEATURES: FEATURES: SENSITIVITY SECOND TO NONE1 6aAsFET front end on vhf 1 models glves 12dB SINAD of 0.12uV (vhf), 0.15uV (220). UHFmodel *V'JVLOw vHF8 UHF 
0.25uV std. 0.luV wlth ootional hel~cal resonator oreamo. *Hlghbln: 13-20dB. depending on frequency 

1 *SELECTIVITY THAT CANT BE BEAT! 00th i t a ~  filter & 
ceramlc fllter for > 100dB at only ~t 12kHz. Helical resonator front 
end to combat desense & ~ntermod. 
*CLEAN, STABLE TRANSMITTER, up to 18W output standard: 50W 
wlth accessory power ampl~f~er. 
*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, field-programmable CWID, flutter-proof squelch, 
automatic frequency control to compensate for off-frequency trans- 
m~tters (all standard features). 
*Full range of options available, such as autopatch, phone line or 
rad~o remote control, sub-audible tones, duplexers. 

*FM EXCITERS: 
K ~ t s  $99. Wlt $179. 2W 
continuous duty. TCXO & 
xtal oven options available. 
*TA51 for 19M. 6M. 2M, 
159-174.229 MHz. 
*TA45l for uhf. 
FCC type accepted for cornmerc~al bands. 

COR-3 REPEATER CONTROL- 
LER kit. Features adjustable tail 
8 time-out timers, solid-state 
relay. courtes beep, and local 
speaker amplller. ................... $49 

CWlD kn. Diode programmed, 
adjustable tone. speed, and timer, 
to go with COR-3. .................. $59 

*Wide D y ~ m k  Range: to reslst overload NEW COR-4 ki. Complete COR ~ 
*Stable: newtype dual-gate GaAs FET and CWlD all on one board for 

easy construction. CMOS logic 
' specnv runtng range destred 26.30. 46-56. for low power consumption. I 1 
137.150. 150.1 72. 210-230. 400-470. or Many new features. EPROM pro- , 
800.960 MHZ grarnrned; specify call leners..$99 

NEW TD-3 SUBAUDIBLE TONE 
DECODER/ENCODER kit. ... $24 

TD-2 DTMF DECODER/CON- 
TROLLER klt. Full 16 digits, wlth 
toll-call restrlctor, programmable. 
Can turn 5 functions on/off. Great 
for selective calling, too! ......... $79 

AP-3 AUTOPATCH kn. Use with 
above for repeater autopatch. 
Reverse patch and phone line 

........... remote control are std. $79 I 

$39 wired/tested 
GaAs FET Preamp AP-2 SIMPLEX AUTOPATCH 8 

Timing Board kit. Use with above ' 
s~m~lar to LNG, except designed for low Cost for simplex operation. ............ $39 
6 mall size Only 518'W x 1.518.L x 314"H 

Easlly mounts In many rad~os MO-202 FSK DATA MODULA- 
TOR k~t. Run up to 1290 baud 

' Specrf~ runm? range desired 25 35. 35 55. dlgltal signals through any fm 
55 go 90 120 120 150 150200 200270 transmitter w~th full handshakes 
or 400 500 MHZ Radlo l~nk cornouters telernetrv 

~ ~~ - , 
gear, etc. ................................ $39 I 

I 
*Call for latest ~nformat~on on 900 MHz transm~tters. DE-202 FSK DEMODULATOR 
*VHF UHF AMPLIFIERS. h r  FM. SSB. ATV. output from 10 LNSm(* k ~ t  For recewe end of link $39 
to 50 Watts Several models. klts startlng at $79. 9600 BAUD DIGITAL RF LINKS. 

I 
Low-cost packet networking 1 
system, conslstlng of new MO-96 
Modem and spec~al verslons of 
our 2M or 450 mHz FM Trans- 

*R144/R220 FM RECEIVERS for 2M, 
mlners and Receivers Interface 

$99 wlrednMed 
directly wlth most TNC's Fast. 

150-174, or 220 MHz GaAs FET dlode-swltched PA's output 15 or 
front end. 0 . 1 2 ~ 4  senslt~v~tyl 50W Call for info on the nght 
Both crystal & ceramlc GaAs KT Preamp w~th features strnllar to LNG system for your applicatronl 

f~lters plus helical resonator serles except automatically switches out of 

front end for except~onal Ilne during tmsmlt. Use wtth base or moblle 
transceivers up to 25W selectlv~ty: > l00dB at f l2kHz 

(best ava~lable anywhere), 
-?>:A - 

'Spec~ly tunrng range desrred 120 175 . I*" . YI . . 
Flutter-proof squelch. AFC tracks 200 240 or 400 500 MHZ 

dr~ f t~ng  transm~tters. 71111 ,.. ,a# 

Kit $149. wlt $229. 
50 5 2  I S  10 
5051 144 1.8 

*R451 UHF FM RCVR. Sim~lar to above. Tuned l~ne  front end. VHF 
136 131  2 1  30 

MODELS 
1114 146 211 10 

0 25uV sens. (8 ~ U V  with opt~onal hel. res. preamp). Kit $149. 1 * i-1 -= = 3.5 I47 1110 
nit wtlh Case 159 1.6 141 2s lo 

w/t$229 HI! I n s C a s e  139 120222 ,,,,,, am ,, , 30 I 
*R901 FM RCVR FOR 90@ MHz. Tr~p le -CO~V~~SIO~ ,  GaAs FET front LOW nolse preamps with hellcal resonators Wlredwlcare $89 222 224 2s w, I 
end. 8.2uV sens. Klt $169. wlt $259. reduce lntermod 8 cross-band ~nterference ~n ,,F MODE~S 413434 2- 

*R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 220. Wtthout he1 crltlcal appl~catlons NII with Care 169 :::::: ,a:::: 
res or afc K~tsonly $129 MODEL HRA-(*). $49 vhf $84 uhf W ~ I I n s C a s e  149 43ar1s 5054 

43925 61 25 

*Weather satellite & AM Aircraft ~ O C ~ ~ V W S  also avail. Wlredwlcase 199 w2921 ,12,,8 

Specily runlng mnge des~red 142-150, 150 901911 4 3 O l Y )  1 

162. 162.174, 2 13 233.4 1&454.01454 475 Sue crrrbg lor f u l l l l ~ ~  o12w rransmlrrlne 
FCC TYPE-ACCEPTED TRANSMITTERS 6 RECEIVERS AVAILABLE convcnen lw vhl& ut11 Kits only $79 

FOR HIGH-BAND AND UHF. CALL FOR DETAILS. Llnesr Amplllrers avail up 10 50 w 

7- -- .-.--- - - - -. _.- i 1 
-.-* . - -r-- - -- - --<-a 



CRYSTALSIOSCILLATORS FOR 
ELKTRONIC - INDUSTRlAL . ' . ' r r , .  I . . . .  ,,, (01.. . . r :,ai,dtn,. . I-.l8\4~,v,,,~'~,~"~r>l 

COMMUNKATIONS - REPUCEMENT 

COST EFFECTIVE 
MODERATE PRICING 

- - . . . . . . . . . 

/.: . ,  ,., .. 

, ~,.,,,", M,"* < r  ,.,, 3, <.,,di,.j 

The Pube of Dependable Conwnunitatiw 
(r,....; \~,. ! , , l~,."rf \~~.r~~- .vn t : . u r r F R E l . . v ~  r;, ' , . : . * I ! '  

iw,~~.,l, ,. ~ I I ~ , , w ;  ,r.,lr., 0 . r r .  .A,. .>\t.:' ~ , , m ~ : . , r w r -  

",,,",,l,,<,~,~~~l !b%- l,,,~, ,~,,I<~~.,,,IP+ <m"-lml, '.XI'!,,", 

,18~~,#c>!>e~l , n  011 !hv <hnlt l.!y%t?4 a,bw,9,, It$*, r-I *r>rl<Iw8<1~ 
u * , , 6 .  <,! , ,,I1 ,<"i,~' 

CRYSTEK CORPORATION 
[> I~ l ' . l i i~ l  ')I ~'11111111~11 ' 1 'Yi"IWA1ll 1N 

2 1511?171 Cfy(lal Dr I 1  Myr',. F L  3%W? 
PO llox06115 - I 1  M r r \ .  I 1  114060115 

TOU FREE 1-800-237-3061 
(813) 936-2109 - TWX 510-951-7448 
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-ANTENNA BOOKS- 
BEVERAGE ANTENNA HANDBOOK 
by Victor Mlsek. WlWCR 
Mlsek delves deep Into the secrets 01 lh8 sln@e wim Bcvnsps 
and SWA (Steerabk Wave Antenna) mth helplul h~nts and t~ps 
on how to maxlmtze perlormance base4 upon mre sm, k o h l  
above gmund. overan len(lth and ~mpedance matmng Translwmer 
destgn ~nlormat~on lor both lermlnatlon and leedl~ne malch~ng IS 

complelelq rev~sed 1987 80 pages 2nd Ed~l~on 
' VM-BAH SQtlb8W Sl4.A 

HF ANTENNAS FOR ALL LOCAl 
by L.A. Moxon, G6XN 
As a rule, Amateurs In the U K a n  Nbiect to I 
anletma regulanons than we am AF a result. 1FRy t 
stve work on optlmlnng performance of less ...... .. , ..,,. 
antennas Ths book IS d~vlded ~nto  two parts Pan I covers theory 
and how antennas work Part II ~ u t s  theory to work w~ lh  beams. 
wwnre arrays. ~nnsble antmnat. mobile and portable antennas plus 
much more 1987 1st Edlhon 
I IRS-HF Softbound $14.95 

more raMc(ive 
lave done exten. 
th," +,a,, c , . d  

TRANSMI! E TRANSFt 
by Jery Seu 
Conla~ns a complete explanahan and dlxvsslon of trammlaim 
line transformers and how to use them Wrltlen bv one of the 

SSlON LlNl 
lick, W2FMl 

cxper(s In the fit 
I s l  Ed~t~on 144 

r IAR-TU( 

!Id-lhk book IS t 
pages. 

ull of helphrl Infor 

som 

lEN 

ma&. "; 1987 

lbound $9.95 

Stack~ng. Prach 
Every Ham shou 

' JAR-YD 

ARRL ANT 
by ARRL Stal 
OST gels lar mo . . . .  . 

YAW ANTENNA DES.,.. 
by Dr. James Lamon. W2PV 
W2W was known world wrde as one of me most knowledgeable 
experls on antenna dertgn and opllmlzauon Thls book ts lull of 
hls conlest wlnntng lrade cecrels Elght chapters cover Per- 
lormance calculattms. S~mple Yag! anlennat Yagl antenna per 
formance ootlmizallon L w o  antennas The e l l~c ts  ot ground. 

Yagt antennas 
1985 1st edlhMI 

dbound $14 95 

cat design. and F 
ld get a cwy for r 

H. Lw, USW 
author's pars  01 

'ENNA CON 
Y 

'racl~cal Amateur 
M r  boolohe17 

Ham 

THE AMA1 0 VERTICC 
HANDBOO 
by Cpt. Paul (Ra.). WdPL 
Based upon the 'work wlth a numtmr of dlwemnt 
vertlcal anlenna opslgns, you II get plenty of theory and deslgn 
~nlormat~on along w~lh  a n u m b  o l  pract~al construcbon Ideas 
IncludrO are des~gns la s~mple 114 and Y a w a n  anlennas as wen 
as broadband and mulbelement chmchonal antennas 1 W  2nd 
rdltlon 
I CO-VAH *-und $9.95 

WlFB's ANTENNA NI 
by Doug DeMaw, WlFB 
4ntennas have been one of DeMa 
4e has worked w lh  countless de,..... ,. ... ....,. .,, ,, ...., , 
'anons Th~s fully ~llustraled book g~ves  MI how-to lnstrucnons 
Jn a nllmber of d~llerent wlre and vetttcal anlennas Also Includes 
nlormat~on on rad~al systems. tuners, balun and Impedance trans- 
lormefs 1987. 120 pages 

IAR-AN JaWound $7.95 

IPENDIUM 

--.. 

DTEBOOK 

m's passions in I 
c.nnc nt 4 1  rhr", 

4malsur Radio 
u rlul rnnl,n., 

re antenna anlcles than 11 can pub~~sn. T~ IS  m- 
ecllon IS tanen rrom the besl wbmiss~ons and represents a wide 
anpe of subjec~ 
- Ihls book ha! 
-1AR-AC 

~ n d  lwps lo gene 
t Edtt~on 

SoRl 

ARRL ANTENNA Boa.. 
by Jeny Hall. KlTD, NEW 15th Edltlon 
The all new 15th ed~t~on of th~s antenna classc repnsnts over 
hwo years of hard work by ednlw KITD. It's doubled In silc too 
- from o w  300 to over 700 pages blgl 950 tlgures and charts 
m e t  lust about every alb!ect ~mag~nabls. Some of the hlghl~qhts 
are' Chapters on Loop anlennas. mulll-band anlennas. low Ire. 
puencv antennas. witable antennas. VHF and UHF svstems. ~ W D -  
onq me antenna lo me nansm tnr and N antenna. dlus p 1.e.n-t y 
mole Like the I989 HAhrDBOOK and new OPf RATING MAAUAL 
the new ANTENNA BOOK 1s qolng to be a smash hll Order yours 
loday 15th Ed~l~on 900+ paqr- -'^" 

I AR-AM 

P l r r n  encl 

I A M  RADIO'S 64 
iREENVILLE, NI 
503) 878-1 441 

OOKSTC 
H 03048 

ound $17.95 

I handling. 

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 

NPW lcorn lC 781 . , I .  . ,.~tr.rl 
K ~ n w ~ w l  lH?1 SA TH?SAT Tr,1<1,. , , t , r .  1 1131 
TS4.10 SCAT Call 

M , , ; , ,  t '  ' ; , ,  C;lll tor tra11r 
tl,,,, bf.,t%.,,,,,t~ 't.1 7?10 , ~ 8 c , ~ 7 8 ~ ~ .  Call 

TS 790A Strl~rfbor 2 1.'. .. , 
1 1 G H l  Opl<on Av;l 1 l . 8 ~ .  1,,111 

lcom 765 C.111 
ICOM I r l ~ r t i i l l  r(*l;ly box 
Sr>ccily R;lrlio ;lnrl Amp Call 
HFlL RM10 81n)rn M ~ k r  W~IIYIR r l ~ n  G9 00 
tIF IL t iM5  Dr+ Mike 6? 00 
NYE MR5A Turwr 569 00 
Aloha Drl la Trnnsl lra~ HV 31 00 
CSI Pr,v,111~ Patch V Ah9 00 
Ameco 1'1 1 I 'rr Am0 99 0 0  
1 arsert ? mr l r r  on qlass 49 95 
A n l r c n l M  5 8  Mac] MOII:I~ Colnl) ?5 00 
Van Gorrl, I,, W~ndc~rr? WA:' 43 00 
R ~ r d  43 ~l rmrnts 's torh  Call 
Thousnnrls o! ~ a n r l  mrlcrs 3 95 tmCALL 
R r l d r i ~  9'113 H767 R l l 4  ';lock C;rll 
NPW Ten I r c  011lf l i  V DX 1 1 ~ 1  r~lr~1n1rl~na8rr I895 00 
MICA Car~;ictlnrs C;111 
Arisld SWll R,I<~,IP 3 30Mti:  19 95 
83 1SP 1'1 ,1!4 S IvoidaIr (An-l i l~rn(dl 1 50 
82 61 N Mnlr ~Arnphrnnl i  3 5 0  
82 207 1006 N MAP (9s131 3 50 
Douhlr Frrr~. i l r  UHF 1 00 
U G I  76 RGRX r?.lcn 40 
Surplus f IIKIW PL259 SO739 one11 $1 
Rrcc<v~r \ r j  I ( r l r - ,  50 90*0 ntl It<! I l r r r  C,lII 
Santrr R.,nm M k r  He;lrl-.rl (',I.. ICOMi ?G M 
Rohn SA 7% 67 (67 1ns!tt6> a r n l  r;h'h 125 00 
STUPH 
Throal M ! k r ( n ~ w  mil sorl)lusi 5 00 
ANBH 1 600 Ll Hradphonr., (rlrw m ~ l  slrrplus) 5 0 0  
New Dcnto LJnll!. 'or Salr 
Krnwtxx l  1l :,000 849 00 
ICOM R 71A 849 0 0  
USED EQUIPMENT 
All . ~ l o . ~ , r w . ~ ~ t  . . i t x l  rlr;m w,lh 90 day w;lrr,anlv and 30 
day lr~;#l Six rnoilltrs full Iradr .;cln~nsl n rw  eq l~~prne l l l  Sale 
orlce r r t u ~ > d r d  11 not sa l~s l~ r r l  

(Ron) 231 3057 

POLICIES 
Mr,,ru,r,, order $10 00 Maslrrc..rrd VISA or C 0 0 All pr,c?, 
FOB Ho t~s l r r  r x c e p l a s r w ~ l ~ l  P I I ~ ~ U ~ ~ ~ ~ ~ I ~ ~ ' I I R I I W  w ~ l h r ~ i l  
r o i c ~  I l r ~ n ~ ~ , ~ ~ ~ h ~ l l o ~ , r ~ o r ~ ~ ~ l r  C.~IIanyl~mrtorl i lukIhc~lalus 
o l  your nrrtrr TPX,IS rrs~~IriiI:; n ~ t r l  sales lax All 1lrlTl5 1~111 fac 
lory warlnnly [JIIIS Madtson warranty 
B l r d  a n d  Belden products  i n  stock. Call  loday. 



Garth Stonehockec KBRYW 

1988 PROPAGATION 
SUMMARY 
September 1986 was definitely the 
month of sunspot minimum, with the 
smoothed sunspot number (SSN) 
equal to 12.3. That makes 1988 the 
second year of solar cycle 22. The 
solar flux minimum of 67.6 occurred in 
June 1986, but September of that year 
also brought the smoothed value mini- 
mum of 72.9, along with the sunspot 
minimum. In 1988, the sunspot num- 
ber started out at 58 and ended at 
about 137 while the solar flux started 
at 108 and ended at 200. These num- 
bers made it the steepest climbing 
year of the cycle as SSN and solar flux 
are expected to taper off to a maxi- 
mum of 185 for SSN and 225 for the 
solar flux near the end of 1989. While 
the 1987 values were slightly above the 
highest in cycle 19, the 1988 values' 
slope crossed cycle 19's. so these fore- 
cast values are probably reasonable. 

In 1988, midlatitude noontime max- 
imum usable frequencies (MUFs) 
monthly median increased from 19 to 
27 MHz for a 3000-km hop. The 
increase wasn't linear throughout the 
year because the summer F2 layer was 
15 percent less than it was the rest of 
the time, with the equinoxal periods 
having the highest MUF. This increase 
in MUF levels off for SSNs greater than 
150, as does the solar flux. Most solar 
flux to SSN conversion formulas don't 
take this into account. This also shows 
how the MUF follows solar flux values 
above 150 instead of the SSN; this will 
be the condition during 1989. The 
MUF formula for monthly medians is 
MUF = 2.65 x (0.0165 x SSN + 8.4). 

During 1988, propagation was 
affected adversely by several periods 
of geophysical events. In March I dis- 
cussed how to forecast propagation 
conditions a day or two in advance 
using the trend in solar flux and 
geomagnetic A values. Now I'd like to 
show how MUFs correlated with flux 
and A indexes during several large 
events in 1988. The first occurred on 

February 20th during a decreasing 
solar flux (107 to 102). A small solar 
flare started a high-latitude geomag- 
netic event which spread down to the 
midlatitudes by the 22nd. The A value 
went to 67 and decreased MUFs 48 
percent to 10 MHz. The MUFs were 25 
percent on the 23rd, 19 percent on the 
24th, and 15 percent on the 25th 
before recovering. On March 25th, a 
small flare was probably the cause of 
a polar cap absorption and small 
geomagnetic disturbance. The MUF 
increased 33 percent over the first two 
days, then decreased 17 percent for 
the next two. The solar flux had just 
increased 7 units, but was level during 
the disturbance. A corresponding 
increase in MUF occasionally occurs 
as it did here, when the solar flux is on 
the increase or if the disturbance starts 
as the sun is rising on the propagation 
path. The next notable event began 
with a gradual disturbance of unknown 
cause on April 3rd through the 7th, 
which dropped the MUFs 46 percent 
during an A of 57. The solar flux was 
decreasing from 128 to 115. 

Another large disturbance (A index 
= 63) began gradually near the end 
of May 5th and lasted one day. The 
MUF decreased 66 percent before it 
was over. The solar flux decreased 5 
units during this period. The last sig- 
nificant event affecting propagation 
was on October loth, caused by a 
small solar flare and solar flux burst. 
The geomagnetic disturbance meas- 
ured 57 on the A index and the MUF 
decreased nearly 40 percent as the 
solar flux was going down. You'll notice 
that most of these events happened as 
the solar flux was decreasing and that 
the MUF decrease was greater at 
those times than it was during those 
disturbances when the solar flux was 
increasing. The MUF decrease aver- 
ages 2 percent per A unit when the 

solar flux is decreasing, as opposed to 
a 0.8-percent MUF decrease per A unit 
when the solar flux is level or increas- 
ing. The solar flux factor for the beg~n- 
nlng of 1988 was 1 percent MUF 
change per unit of solar flux; later in 
the year it increased to 2 units of solar 
flux for a 1-percent MUF change. 

You can use these factors during this 
phase of the SSN cycle to predict the 
best band for daily operation. There 
are more bands to jump to now and 
in July. Good luck! 

Last-minute forecast 
The higher frequency bands (10 to 

30 meters) are expected to have the 
best openings the first and the last 
week and a half of May. These open- 
ings may include some 6-meter long 
skip when WWV solar flux values indi- 
cate the very peak of the 27-day solar 
cycle. Transequatorial (TE) single long- 
hop openings will probably be availa- 
ble towards the evening early in May; 
these openings are scarce during 
June, July, and August. Periods of dis- 
turbance around the 5th and 13th may 
enhance the possibility of TE open- 
ings. Another expected disturbance 
date, the 22nd, may come too late to 
help TE but may affect east-west paths 
on the lower bands. These lower 
bands should be best the second and 
third weeks of the month, when the 
solar flux is expected to be at mini- 
mum. The higher minimums restrict 
daytime DX distance from weak 
signals. 

The full moon occurs on the 20th; 
the lunar perigee is on the 3rd and 
31st. An Aquarid meteor shower (for 
meteor scatter and meteor burst 
DXers) peaks between May 4th and 
6th, with rates of 10 and 25 per hour 
for the northern and southern 
hemispheres, respectively. 

Band-by-band summary 
Ten, 12, 15, 17 and 20 meters will 

support DX propagation from most 
areas of the world during daylight 
hours and into the evening, with long 
skip out to 2000 miles (3500 km) per 
hop. Signals on the upper three bands 
will be strongest from the southern 
countries and occur near local noon. 
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The propagation direction will follow 
the sun across the sky. It will be to the 
east in the morning, the south at mid- 
day, and the west in the evening. 
Sporadic-E short skip will be available 
at local noon on some days toward the 
end of the month. 

Thirty, 40, 80, and 160 meters are the 
nighttime DXers' bands. The direction 
of propagation follows the darkness 
path across the sky: evening to the 
east, around midnight to the north and 
south, and toward the west in the 
predawn hours. Distances will gener- 
ally decrease to 1000 miles (1600 km) 
for skip on these bands. Sporadic-E 
openings will be most frequently 
observed around sunrise and sunset 
toward the end of the m0nth.a 

KENWOOD 
TS-790A 

+ ALL MODE * 
TRI-BAND 

TRANSCEIVER 

45 watts on 144 MHz 
40 watts on 440 MHz 
10 watts on 1.2 GHz 
(with optional module) 

High stebility VFO 

Dual watch receiver 
Listen to two bands 
simultaneously 

Priority alert 

Narrow CW filter 

Packet terminal 

SUGGESTED RETAIL 
$1995 

MADISON'S LOW PRICE 
CALL! 

Optional 1.2 GHz Module 
L~st $549.. ... CALL 

\vitl~ other local hanis 
using the  I6K Bulletin 
Board featured o n  the  Tile HK-21 Pocket 
smallest TNC available - Packet requires only a 
the  Ileath@ HK-21 single 12 VD<;@ 40rnA 
Pocket Packet. power w u r c e  o r  as 

The BRS operates little as 29mA from an 
under your call with optional HKA-21- I. 
simple commands internally mounted 4.8 
like Send o r  Write a 
message, Kill a message 
and read the  File 
messages currently o n  21 Pocket Packet - 
the  system. And the  
HK-21 Pocket Packet is 
fully TN<:-2 compatible. 

Hookup is easy. 1-800-253-0570 

Plug in supplied c ibles  
instantly t o  most For information o n  

Heath's complete 

"NEW" SUPER LINEAR ANTENNA SYSTEM 
MODEL FREQUENCY G& POWER LENGTH USE PRlCE 
CA-2x4~ 146 MHz 8.2dB 200 W 15'4" Base $192.85 

446 MHz 1 1.5dB 

CA-1243E 446 MHz 8.5dB 100 W 4'8" Base $ 85.95 
1.2GHZ 10.ldB 

CA-901 146/446/1.26GHZ 3/6/8.4dB 1 50 W 3'5" Base $ 91.55 

CFC-771 900-930MHZ 7.1 4dB 50 W 4'5" Base $ 97.40 

CA-1221 S 1260/1300 15.5dB 100 W 7'8" Base 81 51.90 

CA-2422s 2400/2450 15.3dB 100 W 4'8" Base $1 73.55 

NEW! SWR Power Minimeters 

CM 200- 144- 150MHZ 8 62.50 

@ 
CM 300- 200-230MHZ 8 62.50 
CM 400 - 420-460 MHz $ 62.50 
CM 900- 900-930MHZ 8 93.50 
CM 1200- 1200-1300MHZ 8 93.50 

DUAL 8 TRI BAND MOBILE ANTENNA'S DUPLEXERS - TRI PLEXERS 
Dealer inqu~ries welcomes. 

(71 4) 630-4541 Specifications and prices s u b j j  to 
1275 N. Grove St., Anaheim, CA 92806 change without notice or obligation. 

/ 205 
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COMMODORElAMlGA CHIPS leq 6510-$12 55,6526-$13 50. 
COMMODORE-128 PROGRAM available to track the Ama- 
teur Satellites. Uses Keperl~an data suppl~ed by NASA free. 
Tracks up to 8 satellites s~multaneously. Program also sup. 
ports prlnting schedules and predictions for satell~tes. Use 11 
to track MIR and talk to the Cosmonauts. SATRAK128. $26.50 
includes sh~pplng. Other tnformatlon on this or other programs 
for the C128, requlres a business slze SASE Reid Bristor, 
WA4UPD. PO Box 0773. Melbourne. Florida 32936-0773. 

6567.$19 95. 6581 $14 85.82~160.~15 75 901 ROM Ser,es. 
$12 50). PARTS DIAGNOSTICS HARD TO FIND ITEMS 
~uthor lzed servlce center. Fast REPAIRS, low cost (eg. C64- 
$49.95 plus UPS). Heavy duty power supplles for the C64- 
$27.95 plus UPS. Kasara Mlcrosystems (Division of QEP), 
Route 9WIKay Fr~es Drlve. Stony Point. NY 10980, 1-800-248- 
2983 (outs~de NY) or 914-942-2252. 

--- -. 

THE NATIONAL HAM SHOPPER. A monthly buy, sell, trade 
publication (stan~ng in April). Ads are quickly answered and 
published for fast results. $12lper year $241per 2-year sub- 
script~on rate Send: PO Box 10738, Elmwood. CT 06110. 

R-290A Receiver Parts: Info SASE. CPRC-26 milltary Man- 
pack Radio. 6 meter FM, w~th antenna, crystal, handset: 
$22 50. 1642.501pa1r CPRC-26 Rad~o-only: $9 50. Add 
$4.501plece shipping, $9 maxlrnum Baytronrs. Box 591. San- 
dusky. OH 44870. 

WANT: 3283 xmtr. 250TL and 304TL tubes. KFGWM, 45300 
Royal, K ~ n g  Clty, CA 93930 

DXERS-CUSTOMIZED PRINTOUT of antenna headings cal- 
culated for your location. List Includes over 650 worldwide 
locations. Send LatILong coordinates, name, callslgn, check 
for $12 95 U.S. Brran Henderson. VE6ZS. 23 Deermoss PI 
SE. Calgary. Alberta. Canada T2J 6P5. (403) 278-2084 

HANOICAPPED NOVICE needs HF equipment donated- 
anyth~ng please KA3OUE. (412) 531-7443 anytlme 

-- 
OFFICIAL MILITARY-TYPE ID TAGS. (' Dog TagsW)ll Cus. 
tomlzed wlth your Call Letters, etc 5 seventeen space llnes 
20" n~ckel plated cham Included $4 29 postpald JPW 
ENTERPRISES. PO Box 353, Logan. Utah 84321 

AZDEN SERVICE by former factory technician. Rush service 
avatlable. PCS 300 Nlcad $36.95. Southern Technologies 
Amateur Radio, Inc. 10715 SW 190 St. #9. mi am^, FL 33157 
(305) 238-3327). 

SENIOR FIELD ENGINEER: Cellular One of Galveston seek- 

FLEA Ing tecnn,cal Manager wltn Know edge of cell,lar, mlcrowave. 
and IeleDhonv Mlnlmum 3 vears exoerlence FCCINABER a MAGAZINES WANTED: "M~crowave Systems News" (MSN), 

"RF Design", "PCIM (Power Conversion & Intelligent Motion)" 
and "OEX" (1980-present). Call collect 519742-4594 (Onlano) 
after 6 PM Eastern tune. 

plus. ~elocat;on required. Resume; to 3128 Broadway, Gal- 
veston, TX 77550. 

MARKET COMMUNICATIONS BATTERIES: Clone Packs! Ready-for- 
IMRA lnternat~onal Mlsslon Radio Association helps mlsslon- 
arles Equipment loaned. Weekday net, 14.280 MHz, 1-3 PM 
Eastern. Nine hundred Amateurs In 40 countries. Rev. Thomas 
Sable. S.J.. University of Scranton, Scranton, PA 18510. 

use ICOM BP5 $44 95. BP-3s 2X cap BP3 ' Wall Cnargea. 
ble" 543 95. BP.7S 2X BP7 15W onlv~ or BP8S lBP8 + 500,01 
(Base Chg-only) $67.95, YAESU. FNBZ $22.95. FNBIOS 
(10+60%) $49.95. SANTEC 142 $23 95 ' Repa~r Inserts ' 
ICOM: BP2 $18 95. BP3 $16 95. P5 $24.95. BP71BP8 $29 95. 
KENWOOD: Pa21 $13.95, PI324 $21 95, PB25126 $25 95. 
YAESU: FNB414A $33.95, TEMPO: S1,2.4,5,151450 $23 95, 
AZDEN. 300 $21 95. ' E.P. Polla-Pac 8 Chgr t2V15Ahr $44 95 
' Rebullding ' Send pack-free estimate. ' Antennas ' 

DucksIBNC $8.95. 2mtr 518-TellBNC $18.95. SASE Catalog. 
PA + 6%. $3 Shipplnglorder VISA-MIC + $2. (814) 623-7000. 
CUNARD ASSOCIATES, Dept H, RD 8, Box 104, Bedford, 
PA 15522. 

BACK ISSUES OF HAM RADIO. Have most issues from 1!369 
to 1974. Mint condition. $3.00 for single asues. WNOG. 319- 
377-3563 

-- 
HAM TRADER YELLOW SHEETS. In our 27th year. Buy, 
swap, sell ham radio gear. Published twice a month. Ads 
qulckly circulate-no long wait for results. Send No. 10 SASE 
for sample copy. $13 for one year (24 Issues). PO Box 2057. 
Glen Ellyn, IL 60138-2057 or PO Box 15142, Dept HR, Sat- 
tle, WA 981 15. 

RATES Noncommercial ads 10@ per word; 
commercial ads 60C p e r  w o r d  both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  or- 
g a n i z a t i o n s  receive one free Flea M a r k e t  ad 
(subject to our editing) on a space available 
basis only. R e p e a t  i n s e r t i o n s  o f  h a m f e s t  ads 
pay the n o n - c o m m e r c i a l  ra te .  

COPY No spec~al layout or arrangements 
available. Material should be typewritten or 
clearly p r i n t e d  (not all capitals) and m u s t  in- 
clude f u l l  name and address. We reserve the 
right to re jec t  unsuitable copy. Ham Radio can- 
not check each a d v e r t i s e r  and thus cannot be 
held responsible for claims made. Liability f o r  

c o r r e c t n e s s  o f  material limited to corrected ad 
in n e x t  available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea M a r k e t .  Ham 
Radio, Greenville, N. H. 03048. 

ENGINEER WANTED. With Ham experience to develop Ham 
products. Exciting proposition for the right person. Box 498. 
Greenville. NH 03048. 

-- - 
450 MHz SPECTRUM ANALYZER. Adapted from Nov 85 OST 
artlcle by A1 Helfr~ck. KZBLA Use your low frequency scope 
for the dlsplav portion Log output calibrated in 10 db steps. 

VHF-UHF-SHF. Large SASE. West Coast VHFer. POB 685, 
Holbrook. AZ 86025. 

CHASSIS & CABINET KITS. SASE. K31WK. 5120 Harmony 
Grove Ad, Dover, PA 17315 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area Commercial and mllltary clrcults and systems. James 
Long, Ph.D., N6Y B (408) 733-8329. 

For compliteklt, order  KIT $459.95 plus $4.50 slh calif. 
residents add 6% sales tax. Forelon orders add 15% for sh~o- 
plng. For add~tlonal information send large SASE to: A &'A 
ENGINEERING. 2521 W. LaPalma. #K. Anaheim. CA 92801 
or call (714) 952-21 14 

RTTY JOURNAL-Now In our 36th year. Read about RTTY. 
AMTOR, PACKET, MSO'S. RTTY CONTESTING. RTTY DX 
and much more. Year's subscription to RTTY JOURNAL 
$10.00, fore~gn slightly higher. Order from: RTTY JOURNAL, 
9085 La Caslta Ave., Fountain Valley, CA 92708. 

FOR SALE: Browning Golden Eagle Mark IV AMISS6 c~tlzen's 
band recelver. Superb performance-tube-type double con- 
version, low nolse, two tunable bands or crystal controlled. 
Use on CB, retune for 10 meters, or use as tunable IF for 2 
meter, satell~te or microwave recelver. Missing top cover. 
otherwise complete and worktng, with schematc. $100.00. 
Peter Ferrand. WBZQLL, 65 Atherlon Avenue, Nashua, NH 
03060. (603) 889-1067. 

RUBBER STAMPS: 3 ltnes $5 00 PPD Send check or MO 
to G.L Plerce. 5521 Birkdale Way, San D~ego, CA 92117 
SASE brings information. 

-- 

ELECTRON TUBES: Rece~ving, transmlning, mlcrowave .. all 
types available. Large stock. Next day delivery, most cases. 
DAILY ELECTRONICS. PO Box 5029. Compton. CA 90224 
(213) 774-1255. 

- 

"HAMLOG" COMPUTER PROGRAM. Full features, 17 mod- 
ules. Auto-logs, 7-band WASIDXCC. Apple $19.95. IBM, 
CP/M. KAYPRO, Tandy. C128 $24 95. HR-KAlAWH. PO0 
2015. Peabody. MA 01960. 

BEGINNER'S RADIO CLEARINGHOUSE. On a space avall- 
able b a s s  we are golng to offer you. OUR SUBSCRIBER. 
free 01 charqe, a chance lo l ~ n d  a nome for your use0 e q ~ l p -  

WANTEO: All types of Electron Tubes Call toll free 1-800- 
421-9397 or 1-612-429-9397. C & N Electronics, Harold Bram- 
stedt. 6104 Egg Lake Road. Hugo. MN 55038 ment w~th a-new Ham Please send us a short descrlptlon of 

what you want to sell along w~th prlce, name address and 
phone number We'll run 11 once In a speclal sectlon of the 
classlf~ed ads under the headlng of BEGINNER'S RADIO 
CLEARINGHOUSE Please l ~ m ~ t  your ad to 20 words or less 

100 OSL CARDS $8. $3 thereafter. Grid square prlnted free. 
Shipped postpa~d w~thin two weeks Guaranteed correct! Free 
samples Shell Printing, KD9KW. Box 506, Rockton, lL 61072. 

SCHEMATICS. Devlces, modules and components Catalog 
$1 .OO refundable Free flyer LSASE George Whltmore, 5746 
Aberdeen Angus Way, Las Cruces, NM 88001 

NATIONAL Rad~o Manual and NCL-2000 factory pans lists 
SASE. Max Fuchs. 11 Plymouth Lane. Swampscott. MA 
01907. 

WANTED: ARC-5 and SCR-274 equipment, parts and acces- 
sorles, any condit~on. Ken. WB9OZR. 362 Echo Valley. K~nne- 
Ion, NJ 07405. (201) 492-9319. N6SRIKX6: Anyone who has worked me as IKX6 has worked 

an illegal station. Anyone hearing fhat call please notify me 
and the FCC ~mmediately. 

ELECTRONIC KITS & ASSEMBLIES.For our latest catalog 
send a large SASE (45 cents) to. A & A  ENGINEERING, 2521 
W. LaPalma, #K. Anahelm. CA 92801 

WANTED: Ham equipment and other property The Radio 
Club of Jun~or High School 22 NYC, Inc 1s a nonprofit organ!. 
zatlon, granted 501(C) (3) status by the IRS, incorporated w~th 
the goal of uslng the theme of Ham Radlo to funher and 
enhance the education of young people Your property dona- 
tion or financial support would be greatly appreciated and 
acknowledged wlth a receipt for your tax deductible contrl- 
but~on. In Dayton, meet the crew from 22 and relax at our flea 
market tables, check in on 144.30 simplex. Please write us 
at. PO Box 1052, New York. NY 10002 Or call our round the 
clock hotllne: (516) 674-4072. Thank you! 

WANTED: G E Mastr-Pro UHF 250 watt base station or ampli- 
fler with power supply or amplifier along. KBRUR. (313) 697- 
8888. 

FOR SALE: IC-PAT 518 whlp, rubber duck ant., mike, IC-BP4 
battery pack, IC-DCl. two IC.BP3's with charger. $200 Mar- 
tin Hanft, POB 199. Gilsum, NH 03448. 

-- - 

UHF PARTS. GaAs Fets, mmics, ch~p caps, feedthrus. teflon 
pcb, high Q trimmers Moonbounce quality preamps Elec- 
tronlc sequencer boards. Send SASE for complete list or call 
(313) 7534581 evenings. MICROWAVE COMPONENTS, PO 
Box 1697, Taylor, MI 48180 

-- 

ISM-PC SOFTWARE FOR PK-232. New CompRtty IIIPK IS 

the complete communicat~ons program for the PK-232lHK- 
232. Uses host mode of PK-232 for complete control Text 
entry via bullt-in screen ed~tor! Adjustable split screen dtsplay. 
including optional Triple Split TM in Packet mode. Instant 
modelspeed change. Hardcopy, diskcopy, break-in buffer. 
select calling, text file transfer, customizable full screen log- 
glng. 24 programmable 1000 character messages, mailbox 
facility. Ideal for MARS and traffic handling. Requires 256k 
PC compatible $65. Non-PK-232 verslon still available. Send 
call letters (including MARS) with order. David A. Rlce, 
KCPHO, 144 N. Pun Corners Rd, New Paltz. NY 12561 

WANTEO: Drake Linear Amp Model MN4439- 1OOOW (2000 
PEP), 1.8-30 MHz. Call Bruno Molino, VEPFLB, 26 Rue Des 
Anciens. Gat~neau, Quebec J8T 3T2. (819) 561-3889. 
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MIR4GE/KLM 
Announces The Next Generation 

The 10 amplifiers you have been waiting for! 
Designed For Quality And Value! 

Every effort has been made in thedesign of these amplifiers toofferthe highest specifications possible, pro- 
vide the ultimate in reliability, and still keep prices affordable. Compare these amps with all others on the 
market! You'll be glad you waited for the N EX T generation of solid-state amplifiers from MlRAGElKLM! 

144 MHz Amplifiers 1-6 220 MHz Amplifiers 
B-1016-G 10W In = 160W out C-1012.6 10Wln=120Wout 
B-3016-G 30W in = 160W out C-3012.G 120W out 
B-215-G 2W in = 150W out C-211 -G 2WIn = 11OWout 

13.8 vDC 

New protection circuitry automatically reduces the output power to prevent damage to output transistors 
and even returns the amplifier to full power automatically when problem is cleared! 

New GaAs-FET pre-amp designs provide gain of over 25 dB and a noise figure of less than .6 dB! 

Picture this.. .You know your station.. .You are at home with your gear.. .all the knobs, switches, meters 
. . . QSY's are no big deal, you could do them in your sleep (and you probably have!). 

Now picture this.. . It's contest time, multi-op.. .do you worry about yourgear?. . . NO! At least not youramps 
. . .your station amps are bullet-proof. Point and shoot, no tune, no touch. From 160 meters to 70 cm . . . 

Your Amps Are Mirage! 
Each of the four following amplifiers provide.. . 

Bullet-proof, thermal shutdown.. . VSWR shutdown.. . over-current shutdown.. . 
120% ICAS duty cycle.. . air-cooled . . . fan hood available.. . 

Active cooling kit available for 100% key-down duty cycle 

TWO 144-MHz Amplifiers 
Finally, a ruggedized high-speed RF switching relay that takes the punishment SSB-op's demand . . .5mS or 
less typical switch-time . . . Dual-gate GaAs MES-FET pre-amp . . .22 dB typical gain.. .Wide, dynamic range 
for overload protection . . . 1 dB compression > + 4 dBm 

7 30W in - 300W out 8 30W in - 600W out 

(Linear curve: 1 W - 30W, 45W max.) 24v DC 
13.8 vDC 32 amps max. 

440 watts (DC) 68O/0 efficiency 

TWO H-F Amplifiers All Solid State (waiting ~ c c ~ y p e - ~ c c e p t a n c e )  

The Band-Pass filter allows wideband performance while meeting FCC specifications.. .1.8 - 4.0 MHz, 
4.0 - 9.0 MHz, 9-  15 MHz, 15-30 MHz . . .Typical harmonic - 50 dB 

9 
SOW in 800W out 

10 
SOW in - 1,500W out 

13.8 vDC 48.0 vDC 
1.215 watts (DC) 1101220 - 50160 cycles 

88 amps Auto-Band switch Vacuum Relay 
Available with power supply Full QSK 100% key-down forever 

Power Supply included 

M/R4GE/KLM P.O. BOX 1000 MORGAN HILL, CA 95037 
(408) 779-7363 (800) 538-2140 (outside CA) / rn 



RECONDITIONED TEST EQUIPMENT $1.25 tor catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806 

May 20: ILLINOIS: 3rd annual Hamfesl and Electronic Flea 
Market sponsored b the Lewls 8 Clark Radio Club. Lewis 
B Clark Commun~ty b14. Godhey. 8AM to 3PM For intor- 
mation/tickels. Lewis B C ark Radio Club. PO Box 553, God- 
trey. IL 62035. (618) 4661909 

-- 

May 20-21: WASHINGTON: Hamfesl '89 sponsored by the 
Yakima ARC Central Wahington Slate Fairgrounds Yakima. 
Contact ~lck'umberger. N7HHU (509) 453-8632 dais or 453 
3580 evenings. Earl bird special Yak~ma ARC. W7AQ, PO 
Box 921 1 Yakima. XA 98909. 

May 20: TEXAS: 4th Annual Armed Forces Day Hamtest. 
sponsored by the Key City ARC, Abilene CIVIC Center, Pine 
St. Abilene 8AM to 5PM. Wheelchair Accessible. For lnfor- 
mation Bill Jones, MDOX (915) 6984606 or KCARC. PO Box 
2;722. Abilene, TX 79604. 

-- 
May 20. MINNESOTA: Swapfest '89 sponsored b the Arrow- 
head &dio Amateur Club. First United Methodist Ehurch, 230 
East Skyline Parkwa Dululh, lOAM to 3PM. For intorma- 
tionlregistration John trow. KAOSYN. 1365 Roland Road. CIe 
quet, MN 55720 (218) 879-5356. 

June 4: PENNSYLVANIA: 35th annual Hamfest sponsored 
b the Breeze Shooters. Whrte Swan Amusement Park. Fit60 

arkway West) near greater P~nsbur h lnternatlonal Alrport (8 
For ~ntormal~on John Colbert. K~SD!. 1851 H~ghland Ave. 
Irw~n. PA 15642 (412) 8635167 COMING EVENTS 

Activities - "Places to go . . ." June 4: NEW YORK: Hall of Science Hamfesl, sponsored by 
the Hall of Sclence ARC, Hall of Science parklng lot. Flush- 
In Meadow Park, 4741-1 11 Street. Queens. Statis 9 AM. For 
Information Steve Greenbaum, WB2KDG (718) 898-5599 or 
Arnie Sch~ffman. WB2YXB (718) 343-0172. 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICIN 
COORDINATORS: PLEASE INDICATE IN YOUR 
ANNOUNCEMENTS WHETHER OR NOT YOUR HAMFEST 
LOCATION. CLASSES. EXAMS. MEETINGS. FLEA MAR- 
KETS. ETC, ARE WHEELCHAIR ACCESSIBLE THIS INFOR- 
MATION WOULD BE GREATLY APPRECIATED BY OUR 

. . 

June 10: MICHIGAN: 15th annual Hamfest sponsored by the 
Central Mlchigan Amateur Repeater Associalan (CMARA). 
Midland Community Center, Midland. BAM-1 PM. For informa- 
tion SASE lo CMARA Hamfest. PO Box 67. Midland, MI 48640 
June 10. MAINE: 3rd annual Outdoof Hamfest sponsored by 
the Pine State ARC Hammond Street Cam round near 195 
Bangor. Dawn to 5 b ~ .  For information Ed ehardsbn. NO1 L: 
825-4417; Howie Soule, KICZ, 848-3397. - 

BROTHERISISTER HAMS WITH LIMITED-PGSI~IL 
ABILIN 

May 5-6: NEBRASKA: Hamboree x l  1 sponsored by the 3900 
Club and the Sooland ARA. Marlna Inn. South SIOUX Clty For 
reservallons wrlle Al Sm~th, WOPEX. 3529 Doualas Street. 
Sioux Citv. IA 51 104. June 10: ONTARIO: Central Ontarlo Amateur Radlo Flea Mar. 

kel. Bm eman  par^. Kltchener. Ont Conlacl Ra Jennlngs. 
VE~CZI!. 61 Ottawa Crescent. Guelph. On1 ~ l 2 2 A 8  (519) 
822-8342 

May 7: NEW JERSEY: Annual Indoor HamtesUFlea Market, 
sponsored by the TriCount Radio Association, Passac Town- 
ship Community Center. &ling. 8AM to 2PM. For intorma- 
lionlreservat~ons Dick Franklin, PO Box 182. Westfield. NJ 
07090. (201 ) 232-5955. 

- 
May 20: GEORGIA: 10th annual Lake Hartwell Hamtest spon- 
sored by the Anderson. Hartwell and Toccoa ARCS. Lake Hart. 
well Group Camp. Hwy 29.4 miles north of Hartwell For anfor- 
matlon George C Haddock. KB4HCB. Rt 1. Box 52. Martin, 
GA 30557 or Carl Davis. College Avenue. Hartwell. GA 30603 

OPERATING EVENTS 
"Things to do . . ." May 6: NEW YORK: 30th annual Soulhern Tier Hamtesl spon- 

sored oy the Southern Tler ARCS (STARC). Tloga County Fair- May 20: PENNSYLVANIA: Lancaster County Hamfest, spon- 
sored by the Ephrata Area Repeater Society, Ephrata Senior 
High School, 803 Oak Blvd, Ephrata. Startin EAM For infor 
mationlreservations Tom Youn berg. K ~ R z ~  21 5) 267-251 4 
or EARS. 906 Clearvlew Ave, Ephrata, PA 17522. 

Q rounds, Rt 17c. Owego. For information/tickets SASE to 
TARC. PO Box 7082. Endicott. NY 13760. Aprll30: The Ctairernont Repeater Assoc. will operate W6FZZ. 

SAMS DAY, to honor Samuel F.B. Morse. Samuel F.B. Morse 
May 6: KANSAS: Tailgate Swaptest sponsored by the Flint 
Hills ARC, Augusta City Park. 20 min east of Wichita. 8AM 
to 3PM. For information SASE to Zack Wilkerson, KODVY, Rt 
1. Box 90. El Dorado. KS 67042. 

Ill will be operatin from this station. For QSL CLARA, Box 
7675. Huntinaton \each. CA 92615. 

May 13-14: Nevada QSO Patty sponsored by the Fronller 
ARA, Las Ve as OOOOZ Ma 13 to 06002 May 14. 6-160m, 
C W I S S B I F M I ~ ~ I P ~ ~ ~ ~ ~ I ~ S T V .  Mail logs to Jim Frye, 
NW70. 4120 Oakhill Ave, Las Vegas. NV 89121 

May 20: RHODE ISLAND: Sprin Flea Markel and Auction 
sponsored b the RI Amateur FM Jepeater Service VFW Post 
8342 Main &reel Forestdale No Smithfield). ~ o b n  to 5 PM 
For i;ltormation r h t a c t  Rlck Lalkeather. KIKYI. Box 591, 
Harrisville. RI 02830. (401) 5680566 from 7-9 PM. 

May 6: WISCONSIN: The Ozaukee Rad~o Club will sponsor 
its 1 l t h  annual Swapfesl. Circle B Recreation Center. High- 
way 60 Cedarbu 8 AM to 1 PM For lntotmatmn send busl- 
ness SASE to 0% Swapfesl. N5415 Crystal Sprlngs Court. 
Fredonia, WI 53021. 

. . 
-- 

Msv 20. COLORAW: 1989 Swaotest soonsored bv the Plkes May 20: The Maryland Moblleers ARC wlll operate WA3PJO 
aboard the Submanne U S S Task (SSk-423 14002 to 
21002 For cert~f~cate send legal SASE lo MMARk, POB 784. ~ e i k  ~ a d l o ~ m a l e u r  ~ssock11& RUG= H~lls M;II Palmer 

p a n  and academy Blvd. ~olorado sprlngs   or lnt&ma 
llolllreservatmns Al. NDCMW (719) 473-1660 or *rate PPRAA 
Swaplesl PO Box 16521 Colorado Sprlngs. CO 80935 

Severna Park. MD 21 146. May 6: NEW YORK: The Putnam Emergency Amateur and 
Radio League wlll have their PEARLtest at the John F 
Kennedy Elementary School. Fogglntown Road. Brewster. 9 
AM to 4 PM raln or shine. For re lstratlon contact Terri Cul- 
lum. N2GWF. 40 Mile Hill ~oad,?li~hland. NY 12526 or J I ~  
Morgan, KA2FIQ, 39 Overlook Road. Ossinlng. NY 10562 

May 6-7: MARYLAND: Capital Fest sponsored by the Timex 
Sindair Computer Club. Howard Johnson's. RI 95 8 450. New 
Carrdlton. For informalimn Audrey Curnutt, 10400 Truslon 
Road. Adelphi, MD 20783. 

May 20: 40th annual ARMED FORCES DAY. In reco n~lion 
the ARS W4ODR located Northside aboard Naval Air &ation 
Memphis, M!llinglon, TN, will o erate from 13002 to Z300Z. 
For addition ~nformalwn ~ 4 0 ~ & ~ a v y - ~ a r i n e  Corps MARS 
Station NNNONIF, BMg N-100. NAS Memphis. (901) 8735134. 

May 21: PENNSYLVANIA: 15th annual Hamfest sponsored 
by the Warminster ARC. Mlddletown Grance Fairgrounds. 
Penns Park Road. Wri hlstown Gales open 8 AM. For infor- 
mationlregistratwn Bil! ~ u s i c k ;  W3GJC. Apt 804. Garner 
House, Hatbom, PA 19040. (215) 441-8048. May 20: Special event station KM31 will be on the alr to corn 

memorale the 145th anniversary of the telegraph message 
"Whal Halh God Wrought?", transmined on an experimen- 
tal line lrom Washington, DC lo Baltimore, MD. For a com- 
memoralwe certificate, Amateurs send QSL card, SWL's send 
QSO details with large SASE to The Bay Area ARS. PO Box 
805. Pasadena, MD 21 122-0805. 

May 21: ILLINOIS: Knox County Hamfest, sponsored by the 
Knox County Radio Club. Knox Counly Fairgrounds, Knox- 
ville. Starts 8AM. For ticketslintormation Keith L. Watson, 
WB9KHL. 119 South Cherry Street 13. Galesburg. IL 61401- 
4527. (309) 342-3885 evenings. 

May 5-7: ARIZONA: The Ccchlse Amateur Radlo Assoc~a- 
lion's annual Hamfest, Club training facility. Sierra Vista. tail- 
gating. Handi facititles. For information N71NK (602) 378-3155 
afler 6 PM or write CARA. PO Box 1855. Sierra Vista. AZ 
85636 

May 21: WEST VIRGINIA: The I l th  annual TSRAC Wheel- 
in HamfesUComputer Fair. Wheeling Park. 8 AM to 3 PM. 
. Sb reserve space contact Sandi Williams. WC8P. 9 East High 
Street, Flushing, OH 43977 (614) 968-3652. For tickets 
TSRAC. Box 240, RD 1, Adena, OH 43901 (614) 5546-3930. 

May 20-21: The St. Charles ARC will operate WBOHSl from 
13002 to 21M)Z to commemorate Lewis and Clark Rendez- 
vous Days. For certificate send large SASE lo St Charles 
ARC. PO Box 1429. St. Charles, MO 63302-1429. May 7: NEW JERSEY: Spring Hamfest sponsored by the Ber- 

gen ARA, Bergen Community College. 400 Paramus Rd, Para- 
mus. 8-3. For information Jim Joyce. K2ZO. 286 Ridgewood 
Blvd, No. Westwood, NJ 07675. (201) 664-6725. May 21: ILLINOIS: Hamtest sponsored by the Kankakee Area 

Radlo Society, Will County Fairgrounds. Peotone. 6-3. For 
information write KARS c/o Frank DalCanton, KA9PWW. RR 
1, Box 361, Chebanse, IL 60922. 815) 932-6703 after 4 PM 
or (815) 937-2452 before 4 PM CLT 

-- 
Ma 21 ILLINOIS: Mini-Hamfest sponsored by the Chicago ARE. ~ i r t h  Park Village. 5801 N. Pulaski. Chicago 9AM lo 
3PM. For intormallon contact CARC. 5631 W. Irving Park 
Road, Chicago. IL 60634 (312) 545-3622 

.- 

May 21: CALIFORNIA. HAMSWAP, sponsored by the North 
Hills Radio Club. Folsom Community Clubhouse, Folsom 8 
AM to 3 PM. Contact NHRC. PO Box 41635. Sacramento. CA 
95841 or call Bob, WAGULL (916) 983-2776. 

May 27: NORTH CAROLINA: 10th annual Durhamfest1989. 
spons~ed by the Durham FM Assoc~ation, lower rear deck 
South Square Mall. Durham, rain or shine. 8AM to 4PM For 
information Mick Rankln. W4ZUS. 1001 Wedgewood Lane. 
Durham. NC 27712. 

May 21-27: Special event station WA4ZIO will be operating 
from the Alabama Reunion Train. Sponsored b the Hean of 
Dixie Railroad Museum. Birmin ham ARC and KRRL AL sec- 
tion. 80-tom phone and CW. For certltlcate send QSL and 
9x12 SASE to Birmingham ARC, POB 603, Birmingham, AL 
35201. 

May 6-7: SOUTH CAROLINA: 50th annual Greenville Ham- 
test sponsored b the Blue Ridge Amateur Radio Society 
American Legion Lairgrounds Greenville. Saturda 85. sun: 
day 8-3. For advanced tickets or information S A ~ E  tId Blue 
Ridge ARS. POB 6751. Greenville. SC 29606. 

-- 
May 13: WISCONSIN: Lakeshore Hamfest sponsored by Man- 
carad Radio Club, Manitowa: County Expo Center, Hw 42 
151 and 1-43 on County ~ w y  R. Starts 8 AM. Contact: Lan: 
carad Radio Club. PO Box 204. Manitowoc. WI 54220. 

June 3: The Conemaugh Valley ARC will operate WA3WGN 
to commemorate the centennial of the flood of 1889 in John- 
stown. PA. Lower General phone bands. 20. 40m Novlce 
phone 1Om. For QSL send #10 SASE to Conemaugh Valley 
ARC, 194 Barron Ave. Johnstown. PA 15906. 

May 14: OHIO: Medlna County Hamfest sponsored oy the 
Medlna 2 Meler Grwp Medlna Counly Commun~ly Center. 
735 Latayette Road. Medlna 8AM to 2PM For Inlorma. 
honnlckets SASE lo Medlna Hamfesl Cofnmdee. W Box 452. 
Medlna. OH 44258 (216) 769-3033 or 725 4492 1OAM lo 

June 4: The Wlreless lnstllute of Northern Ohlo (WINO) an 
organlzatlon sponsored by the Lake County ARA will operate 
swc~a l  event stallon KOBO lrom a wmry  ~n Madlson. Ohlo. 
to commemorate Oh10 Wlne Month 15002 lo 19002 I4235 
and 21310 kHz For QSL send legal SASE to KOBO. WINO 
Weakend. 10418 Briar Hill, Kirllaid, OH 44094 

NORTH COAST ARC 1989 LICENSE EXAMS. 12.30 PM. 
May 14: OHIO: 10th annual Hamtest sponscfed by the Alhens 
Counly ARA. CII Recreallon Center Alhens 8AM to 3PM 
For ~nlormatlon 8arl J Oenbow, K A ~ X G ,  63 Morr~s Avenue 

Salurdays Februa 11. Apnl 15. June 10. Augusl 12. Oclober 
14 December 9 X Olmsted Commun~ty Cabln S ot Loraln 
on W Park Novlce lhru Extra Walklns allowed Talk In 145 29 
repealer For lnformatlon Dan Sarama. KB8A 15591 
Rademaker Blvd. Brookpark. Ohlo 44142 287-5083 or Pau- 
line Wells KA8FOE. Rlck Wells. K8SCI 777-94601779 8999 

May 28: MARYLAND: Memor~al Day Hamfest sponsored by 
the Maryland FM Association. Howard County Fairgrounds, 
Rt 144. West Friendship 8AM lo 3PM. For informa- 
lmn/reservations Mlke Cresap. 1294 Dorothy Road. Crowns- 
ville. MD 21032 (301) 9233829 

-- 
June 3: NEW HAMPSHIRE: The Hosstraders Flea Market is 

Athens. OH 45701 

May 19-21: OKLAHOMA: Green Country Hamtesl, Expo 
Square Pav~ll~on, 17th and Louaville, Tulsa Registration 
Green Country Hamtest. W B  4283. Tulsa. OK 74135. For 
Intormation (918) 272-3081 

- -  - 
AMATEUR RADIO CLASSES: For those people lnlerested 
In oblalnlng a Novlw (baslc level) Ham llcense O( upgrading 
lo TechlGeneral. the Chelsea Clvlt Defense. In cooperallon 
w~lh ORA Radlo Club, will sponsor Amateur Radlo Commu. 
nzatlons classes evenings at Chekea Hlgh School slartlng 
MARCH 7. 1989 For more lnformalwn wrlte Frank Masucc~. 
KIBPN. 136 Grove Street. Chelsea. MA 02150 Please 

back at the Deerfield ~alr&ocnds Admlss~on $5 per person 
Wheelchaur access~ble Ouestmns or map SASE to WAIIVB. 
RFD Box 57. Wesl Baldw~n. ME 04091 

June 4: MICHIGAN: Swap 'N Shop sponsored oy the Chel- 
sea ARC For ~nformallon Robert Schanlz. 416 Wllklnson 
Streel. Chelsea. MI 481 18 (313) 475.1795 

. . 

June 4: NEW YORK: Lancasler Hamfest sponsored oy the 
Lancaster ARC, Depew Grove. 271 Columb~a a1 French Rd. 
Depew 8AM to 5PM For ~ntormat~on WAZCJJ (716) 681-6410 
or KE2FM (716) 661-3512 

Ma 1921: NEW HAMPSHIRE: The 15th annual Eastern 
~ H ~ l U H ~ l ~ ~ ~ ~ o n b r e n c e ,  sponsored by the Nonheast VHF 
Assoc~al~on. Rlvler College. Nashua RTstrat~on cha~rman 
Dav~d Kn~qht KAIDT. 15 Oakdale Ave. ashua NH 03062 

-- 
May 20: MICHIGAN: Swap and Shop sponsored by the Wex- 
aukee ARA. Cadillac Mlddle School. 500 Chestnut Street, 
Cadillac. 8.30AM to 2:30PM. Conlacl John Craddock. KX8Z 
(616) 797-5491 or Wexaukee ARA. PO Box 163. Cadlllac. MI 
49601 

enclose your telephone number - - 
THE MIT UHF REPEATER ASSOClATlON and the MIT Radlo 
Societ offer monthly HAM EXAMS. All classes Novlce to 
Extra hednesday. MAY 24. 7 PM. MIT Room 1-150. 77 Mass 
Avenue Cambrld e. MA. Resewat~ons requesled 2 days In 
advanci ~ontac l  !Ion Hoflmann at 1617) 464-2098 Exam tee 

May 20: ARKANSAS: Ozark Hamboree sponsored by the 
Northwest Arkansas ARC. Rodeo Community Center, Spring- 
dale. 8AM to 3PM. For information Randall Spear. WASQGH. 
(501) 846-3210. 

84 50 Br~n a copy of your current Ilcense (11 any). two forms 
of plcture I%, and a completed form 610 available lrom the 
FCC In Qulncy. MA (617) 770-4023 
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This is an Amateur This is an Amateur 

ALL SIGN 

M7KPK 

Radio License 
-. 

,TOR WIVILEGt 

ECHlV1 C 

T(IB LIC6WE IS SUBJECT TO COHOITIONS OF ORAYT W REVERSE I 

'ED STATES OF AMERlCi 
OMMUNICATIONS C O W  
ETTYSBURG PA 17326 

FEDERAL 
COMMUNIC 
COMMlSSlO 

Television License 
. SIGN 

17 K Q K  
D STATION OPE 

UNITE[ 
!DERAL COh 

GET 

STATES Of 
lMUNlCATlC 
TYSBURG P 

: AMERICA 
INS COMMIS 
A 17326 

- -..-. rr .- - - -  - 
NOT T R A N S F ~ - ~ - ; ~  - - C t  

OPERATOR PNIVILECES IECES'P 
f I- 

NXEl  RATION LOCATION - 
f A " C  hS MA11 

t 
I- 

9 nn* rlC.C,"UC 15 JuUJtLl n i l  WNDrrlON6 OF GRANT ON PEVERSE 6105 - 

i 
I ccc . L?-.. Em, 

*UCiUS7 '08 
CEDEAAL 

A 

That's right, they are exactly the same. Your technician or higher class 
amateur radio license gives you the right to own and operate your own 

amateur television station. 

It's Easy. ... 
If you can operate a 

video camera, you can 
operate the new AEA Model 
FSTV-430. The FSTV-430 
transceiver connects to the 
video output of your camera 
and transmits and receives 
live or taped video. You can 
even use two cameras for 
studio-like opei-at ion from 
vour shack. 

Fast Scan 
Television with the 
new FSTV-430 
From AEA gives 
you live, color 
television that 
rivals broadcast 
quality. In fact, the 
AEA Vestigial 
Sideband (VSB) 
technique is similar 
to that used by 

Inexpensive ... And Fun.... 
The video camera or cam- 

corder you bought is the 
most expensive part of a fast 
scan television system. The 
AEA Model FSTV-430 is 
the only transceiver you 
need. Connect the camera, a 
430 MHz antenna, (an 
amplifier if you want 
stronger signals) and you're 
on the air. 

Think about it. You can 
share more than just conver- 
sation with your amateur 
friends. Show your friends 
the new transceiver you 
bought, that special antenna 
project you're working on, 
or just chew the fat. 

For more information on 
the FSTV-430 and other 

exiting amateur 
television products, 
please contact 
Advanced 
Electronic 
Applications,lnc. 
P.O.Box C-2 160 
Lynnwood, WA 98036 
206-775-7373 

AEA Retail $499.95 

Amateur Net $439.95 

broadcasters. I 



designs to  against nuclf 
electromagnetic pulse 

200 W rnc 
All model! 
cartridge i 

?placeable , 
D ~ I U  a l r  "~siqned for 

h 

mnst 

nd AMP. 
Arc-Plug 
SO ohms. 

lightning surge voltagt 
UHF "T-type" Connectors. for use 

The EMP Series design is based on the through 30 MHz: 
National Communications System MODEL LT. 200 W . . . . . . . . . . $22.95 
Technical Information Bulletin 85-10 
covering EMP protection for cornrnunica- Super Ruggedized Super Low Loss 
tions equipment. Models (0.1 dB at 500 MHz). for 
All Transi-Trao Protectors feature use through VHF/UHF. with UHF 
"isolated gro"nd'' t o  keep damaging arc 
energy from the chassis. MODEL R-T. 200 W . . . . . . . . . $32.95 

MODEL HV. 2 kW . . . . . . . . . . $35.95 
Don't hook up your coax without one! 
At  your Alpha Delta dealer. Or order direct in  U.S.: add $3 for postage and 
handling. Mastercard and VISA accepted. Ohio residents add Sales Tax. 

See Data Sheet for surge llmltations. 
1 I I  

P 0 B o x  571. Centerv~l le. Ohlo 45459 . (513) 435-4772 

ANTENNA MODELING 
-. 

4#----Nb 

-. 
T.'h 'i \ 

, y 
Z a  6 

Eary l o  use w ~ t h  mtv iu \  and ryl t lonal mouse Enter 

parameters and get a color codr,rl rlnusoidal prolpcllon 

of a M W  or SW anlenna Move  over the prolecl lon 

w ~ t h  a mouse or cursor and read the galn at l ha l  po ln l  

LONG WIRE PRO models long wlres vee r  dipoles 

ant1 r h o m b ~ t r  dt5playing a r lnurotdal p ro l r c t~on  $40 

MRTlCAL PRO model5 wnqle wrttcatr o r  arrays 

dlsplavlnq a sinuso~daf pro lec t~on a ground wave plot 

and  the Impedance o f  each element $80 

IBM PC cnmpat~b le  DO5 2 Dor hlqher 2561: CGAor EGA 
rolor requlred ln lerna l~onal  order5 add  $5 rh ipp lnq c; EPSILON CO 

R W A  15 TrumbullCT 06611 (?03 )?61  7694 
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Full HF and VHF Packet Operation 
Multi-connects 
True store and forward digipeating 
Remote access of station 
Mini-BBSIPersonal Mailbox 
Plus much more..  . 

Ft-alurc.rl in i.J Magazine, August 1988 

I',~rf\ ~ I I  ~'i l l i  I)(' I)odr(l .............. $49.95 
A\cc~ml~l(~rl/lc~\I(~(l unil ................ $79.95 
L I I I I I n o  . i l~j innic.nf r t ' c l t~~r t . t l  

(80th inrludc FREE Digirorn 64 software) 

I I t ~ r i ~ i \ ,  111 11i(i18r kt,i?(i I live I, cbr hl.( 1 ~\cl(i 
S! ill \I i i l11111i~ 11I\;\l, \,\\I tor ~ t i t t t r t i i ~ i l ~ < ~ n .  I 

RARRY KUTNER, WZUP 
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COMPUTER 
SOFTWARE 

LOW BAN1 
PROGRAM 
by John Devoldem, ON4UN - 30 p ro  n ..., .,. 
Apple 11. MS-DOS. Commodore C-12% and 
Kaypm CPM Cornputen 
Just about every Interest or need 1s covered-from antenna db 
sign and oplim~za~~on to qeneral WrahrIg programs Antenna pr* 
grams tnclude shunt and senes tnpul L network deslgn lef-dltne 
(ramformer shun1 network deslpn SWR calarlabon plus 11 morel 
General Ham progranis Include sunr~selsunszl greal ctrcle dts 
tancps grayllne uerttcal anlenna dewn program sunrtse calen 
dar plus 9 morel 1986 

UN-Apple II t39.95 
~IUN-MS (MS-DOS) $39.95 

N6RJ's ELECTRONIC SECOND I 
for MS-DOS cornputen, V1.O1 
by J i m  Aafferty NGRJ 
The world famous SECDND OP IS now avallabk In a sareor me- 
arl CompulCrlzPd data base Thls Drogram, wrtnen for MS DOS 
comDulers IS a must lor OX ers, contPslus and all Amalmw 
Inlerested rn rel~able DX communlwlion Data can be dtsptayed 
elmPr In columnar formal or In lull screen d t s ~ l w  Unknown call 
slgns can be entered and compared lo the ITU calfs~gn allocatton 
for easy ~denl~trcahon There s plenly mote loo such as postal 
rates beam head~ngs and OSL bureaus lo name )us1 a few Great 
prqram lo have in your shack Order yours loday 1988 
MS DOS cornpulers 5% and D'h vprzlons avatlable 
Please spectfy on ywr  order 
I JCB-M (MS-00s Computers) 559.95 

Dl5 EISOFWARE 

IRIS wim up ta 
,J ulllnclll nllllr, F1 orbmu brill xmlnl "nd select based 
upon Itme lrequency mode and keeps hack 01 DXCC and WAS 
slatlls pitnl? OSL labels and can watch 11s whok LIP In less than 
5 second41 Comnlele documenlatlon 14 ~ncluded to help you learn 
and use this In~ely clalP 01 Ihp all loqpinq program 1988 
1 IHD-ML (For C-64) $28.95 

SUPER LO 
Supr Log otvez 
base w ~ l  Ygr 
Loq also allows 
whole log Will b,.,. ,,, 
I IHD-SL (For C-64) $19.95 

CONTEST LOG 
This disk contalns lour dtftmntc~~~,,., ,,m.8s,,. ARRL Sweep 
Stakes flrld Dav Un~versal WW Conrest @ plus a dupe check- 
inq rwhne Aulomalrcally enter? dale bme band and sertal numbef 
lor each contacl When the CO~IP~II? over the program w~ll  print 
ywr rpsults Ihsllng all duped and vmfd rmlacn In rerlal sequence 
w~ lh  all the nfcersary ~ntoimat~ori as wpll as r o m p l ~ l ~ d  score a1 
the bonnrn ol the page 
1 H O X L  (For C-64) $24.95 

DX EDGE MS-DOS AND C-64 software 
Parhcularly helulul In determining long path and grey llnr open- 
lngs Super last speed and daulinq graphtcs make Ihls program 
a treat lo uw  Thp MS DOS vercloti also Includes a close up (zoom) 
leature lor dPtatled examtnatlon a MUf calculator and a areal clr- 
cle beartng ioutlne All call stqn prpf~xpc and coutry names are 
but11 ~n lo  Ihe data bas? for easy prnWlnttnq of localrons MS DDS 
versmn also color cumpaable RPqu~res 2 dtzk d r~es  348h ol mem 
ory Hercules CGA or E M  graphlcs and DO? 2 1 or laler 
I IXN-OOS (IBM o r  compatible computers) $34.95 
1 XN-C64 (C-64 computer) 
[ 'XN-DX (slide ru le  ven lo l  

HAM RA 
BOOKSTORt 

P lease  enc lose  53.75 sh ipp ing  a n d  

4Greenv i l l e ,  NH 0 3 0 4 -  
Y (603) 878-1441 

I 
m 
I 

handl ing.  



Electronic temperature- For details contact ICOM Amertca at 2380 The VOICE- ID^" IS field rnstallable, and IS sulta- 

control solderihg station 
The Elenco electronlc temperature-control sol- 

dertng stallon has a clrcutt whlch lets you 
change t ~ p  temperature from 300°F (150°C) to 
900°F (480°C) wlthout changlng the t ~ p  or heat- 
Ing element A temperature sensor located near 
the t ~ p  offers rapld response and l~ttle tempera- 
ture varlatlon The t ~ p  of the unit IS lsolated from 
the AC llne by a transformer Low voltage (24 
volts) powers the heallng element Completely 
electronlc sw~tchlng protects voltage and current 
sensltlve components Thls unlt has a l~near LED 
array readout whlch accurately ~ndlcates t ~ p  tem- 
perature It IS prlced at $169 

Contact Elenco Electron~cs. Inc . 150 W Car- 
penter Avenue. Wheellng. lll~nols 60090 for 
detatls 

Circle 11309 on Reader Service Card. 

Transverter from R N 
Electronics 

R N Electronics of Essex, England announces 
the new 2 to 6 meter transverler It can be used 
wlth your exlsttng 2-meter transceiver and has 
25 watts PEP output For more lnformatlon wr~te 
R N Electontcs 37 Long Rldlngs Avenue. Hut 
ton Brentwood Essex CM131EE. UK 

ICOM's new lC-765 HF 
transceiver . 

ICOM announces the new ICOM IC-765 HF 
transcetver whlch features 

D~rect Dlgttal Synthesizer (DDS) 
Band stacklng reg~sters. 
99 fully tunable memorles 
CW p~tch control 
Maxtmurn operallng flex~btl~ty 
Built-~n AC supply 
Automat~c antenna tuner wllh bullt-ln CPU 
and memory 
10-Hz readout. 

The 1C.765 IS prlced at $3.149. and comes wtth 
narrow 500-Hz CW fllters. The 250-Hz FL-53A 
and FL.101 are ootlonal lllters 

116th Avenue N.E . PO Box C-90029. Bellevue, 
Washington 98009-9029. 

Circle #310 on Reader Service Card. 

ble for use In remote appllcatlons It may also 
be battery operated In case of emergency 

For more lnformat~on contact Tlme Domaln 
Systems. 5003 Cowell Boulevard. Davls Callfor- 
nla 95616 

Circle 11313 on Reader Service Card. 

New manuals from Isolator line expanded 
Kantronics Electron~c Special~sts e<pands lhelr patented 

Kanlronlcs Inc announces 11s new manual  sola at or llne to Include remole power swltchlng 
set The three manuals Included are Installat~on power fall ~nterrupt, and 20-A optrons Suppres- 
Manual Operatton Manual and Command sor performance of all unlls has been expanded 
Manual Thls set Includes lnstruct~ons for KAM, to 39000 surge amperes for added equlpment 
KPC-2 KPC-2400, and KPC-4 protectton Isolators, wlth wldeband hlgh attenu 

For more lnformatlon contact Kantronlcs Inc . atton channel fllters are ava~lable In commerctal 
1202 E 23rd Street, Lawrence. Kansas 66046 ~ndustr~al and laboratory grades Expanded ISO 

Circle 11311 on Reader Service Card. lator performance and optlons are ava~lable 
Pr~ces start at $100 

Jensen Tool catalog 
A new catalog IS offered free by Jensen Tools 

Illustrated In full color the 160 page catalog 
describes Jensen's full Ilne of over 40 specialty 
tool klts for held servlce plus a new llne of prod- 
ucts of ftber opllcs and w~relcable systems Also 
tncluded are hand and power tools In Engllsh 
and metrlc slzes test equlpment, soldertnglde 
soldering stat~ons, slatlc control. I~ght~nglopt~cal 
alds, carrylng cases shlpplng containers, and 
more. 

For a copy wrlte Jensen Tools. Inc.. 7815 S. 
46th Street, Phoenlx AZ 85044. or call (602) 968- 
6231. 

Circle 11312 on Reader Service Card. 

VOICE-IDTM digital voice 
annunicator 

VOICE ID'" can store and reproduce volce 
messages andlor CW in any loglcal comblna 
t~on w~th varlous delays Its an add on devlce 
for repeaters and Amateur Radlo stattons and 
of Interest to the DX contester 

Htgh-quality non-robotic votce reproduct~on 
1s ach~eved througtt volce compression 

algor~thms encoded In a non volatile EPROM 
Votce messages are stored In the EPROM so 
no re recording 1s necessary after a power 
fatlure 

For details contact Electron~c Speclallsts. Inc. 
171 South Maln Streel. Natlck. Massachusetts 
01760 

Circle 11314 on Reader Service Card. 

M-5000 autoranging 
multimeter 

The Elt:nco M-5000 IS a handheld 3-112 dtgll 
autoranglng mult~meler VOM functtons HI-Low 
ohms dlode check. 10-A ACiDC current ranges 
and aud~ble contlnu~ty check are standard 
Other features include data hold, memory and 
manual or autoranglng 

The M 5000 comes complete with operators 
manual, test leads, and battery It welqhs under 
7 ounces and IS prlced at $6995 

For detalls contact Elenco Electrontcs Inc 
150 West Carpenter Avenue Wheellng llllnols 
60090 

Circle #315 on Reader Service Card. 
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The NEXT Generation 

MufMap I I  

'This is the most advanced 
propagation program that I 
have seen for radio amateur 
use. Its graphics are superb, 
and band openings are 
displayed on a world map in 
a mannerpreviousl only dY available In very a vanced 
professional programs. " 
- George Jacobs, W3ASK, 

CQ Magazine Propagation Editor 

Now you can see world wide propagation 
conditions from your QTH at a glance! 
M u f M a p  indicates all lorn, 15m, and 20rn 
openings on a map of the world. 

organize your operating time for 
contesting, network traffic. 
scheduling, etc. 

study e f f e c t s  of time of day, 
season, and solar activity on 
propagation. 

Automatically combine a series of Muf- 
Maps to form a MufMovie. These show 
how propagation changes throughout the 
day, season, or level o f  solar activity. 

HARDWARE REQUIREMENTS 
M u f M a p  runs on the IBM PC/XT/PS2 and 
compatibles with at least 256K RAM and 
Hercules, CGA, EGA, or VGA graphics. 
Supports the 8087 too. 

ORDERING INFORMATION 
M u f M a p  is priced at just $69. VISA, 
Mastercard, and personal checks are 
accepted. Hercules support add $20. 
Just call or write to place your order. 

Base(2) Systems 
2534 Nebraska # 1, Saginaw MI 48601 
or call (517)777-5613 f o r  VISA/MC 

ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
Listed below are the page and reader service number for each advertiser in thls issue. For more ~nformat~on o n  their 
products, select theappropriate reader service number makea check mark inthespaceprovided. tAa~l  this form to 
ham radio Reader S e w ~ c e .  I.C.A.. P.O. Box 2558. Woburn. MA 01801. 

Name Call 

Address - - 

City -- State Zip- 

'Please c o n t a c t  t h i s  advertiser directly. Please use b e f o r e  June 30, 1989. 

READER SERVICE N PAGE N READER SERVICE # PAGE N 

-201 -Glen Man~n Engtneerlng Inc I06 
- 193 - Rlchard Measures. AG6K 100 
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- 159 M~cro Conlrol Speclallles 68 
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-180 - Mon~lorlng Tlmes 89 
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142 - Hulland Arrays 48 

- RF pans 40.41 
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- S~l~con Sdul~ons 37 

166 - Soflware Systems 70 
_ 162 Soflware Systems 73 
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- 181 Slr~dsburg Englneer~ng Co 84 

184 STVlOnSal 88 
149 Synlhel~c Texl~les. Inc 56 
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165 - TIC General 70 
17: TX RX 89 
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Un~versal Rad~o 48 
143 Vanguard Labs 48 

1 2 0  . Var~an ElMAC 16 
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171 W9INN Anlennas 8 1 
151 Wn Comm Eleclron~cs lnc 56 
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I52 Vaesu USA 60 61 
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u 
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I NEW HF TRANSCEIVER 

Bu~lt-an Automatic Antenna ~ ~ Tuner and Power Supply 
99 Memories 100 W Output 
160-10MIGeneral Coverage SSBIAMIFMICW 
Receiver 25 Watts PEP 
Band Stacking Registers New FM Offsets 8 PL 

SSB. CW. FM on 2 Meters 
ana /u cm I TS-140S AFFoRDkBLk OX Ingt 1 1 Ootional50 MHz. 220 MHz or I 

HF Transceiver Wlth 
General Coverage Receiver 
All HF Amateur Bands 
100 W Output 
Compact, Lots of Features 

- -  - ~ -~ 

I if$:~s Output in 2 Meters, I 
220 and 70 cm 
10 Watts Output on 6 Meters 
and 1.2 GHz 100 Memories 

I 7 MFTFR FM MOBILE I I KT-Series Mono-Band Radios I 
- - -  

10-15-20.30 40-WM MODELS 
50 Watts Output . 20 Multi.Function Memories 
Selectable CTCSS Tone Built-in 

SAVE BIG $$ 
. Operate Mobile fligs with Optional Best Price and Complele Selection 

IF-20 Interface and RC-20 Controller Call Today! 

TH-25AT ,E! POCKET.SIZED 
AN0 POWERFUL 

Frequency Cover- 
age: 141-163 MHz 
(Rx), 144-148 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 

SUPER SALE I 

$449.00 Del~vered 

25W. 21 Memories. Dual VFO's 
At an Unbeatable Prlce! 

IC-725 I lCOM NEW ULTRA COMPACT 
HF TRANSCEIVER I 

USBILSBICW. AM Recetve 
Opllonal Module for AM 
Transmll and FM TXlRX 
160-10M Operat~on l00W Output 
Recelve 30 kHz lo 33 MHz 
26 Memortes wllh Band 
Slacklng Reglslers 

0 
ICOM 
IC-2GAT 
IC-4GAT 

2 Meler 8 440 
Handhelds 
IC-2GAT 
AX 138-174 MHz 
TX 140-150 MHz 
7 Watts 
IC-4GAT 
440-450 MHz 
6 Watts 

Complete Term~nal Untt for 
Morse, Baudot. ASCII, AMTOR 

NOW 1/2 PRICE 
CLOSEOUT SPECIAL 

ONLY $169. DELIVERED 
Software Available 

Call Now-Don't Delay 

0 
ICOM 

IC-32AT 
SUPER OUALBAND 
FM HANDHELD 

5 Watts on Both Band 
Receive 138-174 MHz 

440-450 MHz 
1 Stores Standard and 

I Odd Offsets - I I  

LARGEST STOCK OF ALL 
YOUR MFJ FAVORITE 

ACCESSORIES 
CALL TODAY FOR 

BEST PRICE 

Extra Savings on the MFJ-1278 
Multi.Mode Data Controller 

I 
I ' 
I ,  I MOST ORDERS SHIPPED SAME DAY ( 9 

DAlWA HUSTLER HYGAIN ICOM 
@ 211 

102 N.W. Business Park Lane Kansas City, MO 64150 Call Toll Free-Sam - 6pm Man.-Fri. 9am - 2pm Sat. 
Send SASE For Used List In Missouri Call-816-741-81 18 

- 
LT 
I- * 



COUNTER THEORY 
Affordable, compact, and ultra-sensitive. More and more people are discovering new applications for our 
counters than ever before. Now used by technicians, engineers, law enforcement officers, private 
investigators, two-way radio operators, scanner hobbyists, and amateur radio operators, just to name a few. 
Over 15 years of service, quality, experience and dedication has proven you can count on us. 

Hand Held Series Frequency Counters and Instruments 

SENSITIVITY 
1 KHz < 5 mv N A N A N A NA . 
100 MHz < 3 mv i 1 mv < 3 rnv < .5 mv < 5 mv 
450 MHz < 3 rnv < 5 mv < 3 mv < 1 rnv < 5 rnv 
850 MHz < 3 rnv < 20 rnv < 5 mv N A < 5 mv 
1.3 GHz < 7 rnv < 100 mv < 7 mv N A < 10 rnv 
2.2 GHz < 30 mv N A < 30 mv N A < 30 rnv 
ACCURACY ALL HAVE +I- 1 PPM TCXO TIME BASE. r i 
All counters have 8 digit red .28" LED displays. Aluminum cabinet 
3.9" H x 3.5" W x 1:' Internal Ni-Cad batteries provide 2-5 hour 
portable operation with continuous operation from AC line 
chargerlpower supply supplied. Model CCB uses a 9 volt alkaline 
battery. One year parts and labor guarantee. A full line of probes, 
antennas, and accessories is available. 

OPTOELECTRONICS INC. 
5821 N.E.  14th Avenue 
Fort Lauderdale, FL 33334 
(800) 327-5912 IN FL (305) 771-2050 



Yaesuk mini HB. 
The smallest, smartest. 

bughest radios. Anywhek 

Whetsher you're a Novice or Extra 
class operator, you're sure to appreci- 
ate the high power, durability and size 
of Yaesu's FT-23R Series mini-I ITS. 

'h begin wit,h, you'll find a model 
that's right on your wavelength.Thc 
2-meter FT-23R.The 220-MHz FT-33R. 
Or the 440-MHz FT-73R. 

Whichever you choose, you benc- 
fit fmm incredibly small packaging. 
(lhke a look at the actual size photn.) 

Eight- key control pad.'~eypad lock. 
liighllow power switch. 

The FT-23R comes with a 72-volt,. I 
2.5-watt battery pack.The FT-73R with 
a 72-volt, 2-watt pack. And the FT-33R 
with a powerful 12-volt, 5-watt pack. I 

You can choose t,he miniature 72-volt,, 
2-watt, pack shown in the photo 
below. And a11 batkry packs are inter- 
changeable, too. 

And consider these options: Dry 
cell batkry case for 6 AAA-size cells. 
Dry cell hatdcry case for 6 AA-size 
cells. DC car adapterlcharger. Pro- 
grammable CTCSS (PL tone) encoder1 
decoder. DTMF keypad encoder. 
hilobile hanger bracket. External 
speaker1mic:rophone. And more. 

Check out t.he FT-23R Series 
at your Yaesu dealer today. Because 
although we can k1I you about. 
t,heir incredible performance, tough- 

ness and small size, 

Prices 11 lndemark o c. FT3RR sha wn with opfio rial FNR.9 hat tery pack. 



Two in the Hand! 
2m/70cm Dual Band HT 
The new TH-7SA Dual Band HT 
from Kenwood is here now! Many 
of the award-winning features in 
our dual band mobile transceivers 
are designed into one hand-held 
package. 

'a;.; 'atch function allows you to 
mon~tor both bands at the same time. 

*One watt on 2 meters and 70cm: 
5 watts when operated on 12 VDC 
(or PB-8 battery pack). 
I-arc, rtu7 -la1 i-'~.ll;-;:ion LCD 
disp!ay. 
10 memory channels foreach band 
stores frequency, CTCSS, repeater OH- 
set, frequency step informat~on, and 
reverse. A lith~um battery backs up 
memories. Two memories for "odd 
split" operation. 
Selectable full duplex operation. 
Extended receiver range: 

141-163.995 and 438-449.995 MHz; 
transmit on Amateur band only. (Modifi- 
able for MARS and CAP. Permits required. 
Specifications guaranteed on Amateur 
bands only.) 
Uses the same accessories as the 
TH-25AT (except soft cases). 
Volume and balance controls, 
plus separate squelch controls on 
top panel. 
Super easy-to-use! For example, to 
recall memory channel, just push the 
channel number! 
CTCSS encode/decode built-in! 
Automatic Band Change (ABC). 
Automatically switches between main 
and sub band when signal is present. 
Automatic offset selection on 
2 meters. 

T o n e  alert system for quiet moni- 
toring. When CTCSS decode is on, 
the tone alert will function only when a 
signal with the proper tone is received. 
Four ways to scan, including dual 
memoryscan, with time operated or 
carrler operated scan stop modes, and 
priority alert. 

Automatic battery saver circuit 
extends battery life. 

Sge~:r/ic;ilrons arrd prices suhlecl lo ctlangr w~fhoul nol~ce 
Complele servire rn.lnrmlc; are avarlahle Inr all Kenwood Ir 

.'.. . , . % Dual band 
rubber-flex antenna, PB-6 battery pack, 
wall charger, belt hook, wr~st strap, 
water resistant dust caps. 

Optional Acc pssorres 
PB-5 7.2 V. 200 mAh NlCd pack for 1 0 W 

output PB-F, Z2 V. 600 mAh NlCd pack 
PR-7 7.2 V, 1100 mAh NtCd pack PR-8 

12 V, 600 rnAh NlCd for 5 Woutput PR-9 72 V, 
600 rnAh NlCd with bud -~n  charger BC-10 
Compact charger RC-11 Rap~d charger 

or ohbg;rl~ofi 
arlsceiv~rs and rno..r orcessorres 

, - 
and PTT SC-22 and S C - 7 3  Soft case 

SMC-30131 Speaker rnlcs WR-1 Water 
res~stant bag 

KENWOOD 
KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS & TEST EQUIPMENT GROUP 
P.O. BOX 22745.2201 E. Dorn~nguez Street 
Lona Beach. CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075.959 Gana Court 
Mlss~ssauga, Ontarlo, Canada L4T 4C2 
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