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Compact Size  
Simple t o  Operate 
Large LCD Readout 
25 or  45 Watts 
Packet Compatible 
21 Memory Channels 

The IC-28H has all the features 
you need for carefree 2-meter mobi le 
operation. The only thing it doesn't 
have is a big price. 

45  Watts. The IC-28H provides a 
full 45 watts of powerful output. The 
IC-28A 25-watt version is also avail- 
able. Both units have a selectable 
low power. 

Large LCD readout. A wide-view 
LCD readout can b e  easily read even 
in bright sunlight. An automatic dirn- 
mer circuit reduces the brightness for 
evening operation. 

Wldeband Coverage. The IC-28H 
performs from 138-1 74MHz Ispecifica- 
tions guaranteed from 144.00- 148MHzl 
and includes weather channels. Ideal 
for MARS and CAP operation. 

Compact Size. The IC-28H meas- 
ures only 2 inches high by 5 ' 1  inches 
wide by 7 '  I inches deep (IC-28A is 5' t 

The I C  27H .Iri watt and IC-27A 
25 watt ultra compact 2-meter 
mobiles continue to b e  available. 

inches deep). Great for mobile instal- 
lations where space is limited. 

21 Memory Channels. Store 21 
frequencies into memory, or lock out 
certain memory channels. All memories 
are backed up  with a l i thium battery. 

Scanning. Scan the entire band 
or the memory channels from the pro- 
vided HM-I2 mic. 

Easy to Operate. With only I I 
front panel controls, the IC-28H is 
simole t o  operate. 

Available Options. IC -HMI~  
DTMF mic. PS-45 13.8V 8A power sup- 
ply. UT-29 tone squelch unit. SP-I0 
external speaker, IC-HM 16 speaker mic 
and HS- 15/HS- 1558 flexible boom 
rnic and mT switchbox. 

ICOM Amertca. Inc.. 2380-116th Ave NE. Bellevue. WA 98004 13150 Premier Drive. Suite 126. Irving, TX 75063 
All  sIalPn swc~l~c:nl~ons arr anuiox!matt? and sublecl tu ctlanqe w~tl luul no+,tr. ,or obl~qatlon All ICUM radios uqnllic.?nlly cxCrrO FCC rrqulattr,n, l h r n ~ t ~ t ~ )  spurluus eln8sston5 7RH486 



Speed up your local area network with the new 2400 TNC 
ModemTM. The 2400 TNC Modem is a PC-board that mounts 
directly above your existing TNC PC-board. By adding the 
2400 TNC Modem to TNC-1 or 2, you gain 2400 baud while 

Speed Up Your 
retaining 1200 baud operation, switch selectable. 

TWO 2400 TNC Modems will be available-one for TNC-l 's, and another for TNC-7 Or 
TNC-2's. If you purchased a TNC-1 or TNC-2, manufactured or k ~ t  version, the 2400 
TNC Modem should be compatible. If you have a home brew case, the installation 
may require case modification. 

The 2400 TNC Modem will be available in late June You may order the 2400 TNC 

TNC-2 
Modem through a Kantronics dealer or directly through Kantronics, using check, money order, 
Visa or Mastercard. Suggested Retail $149.00 (includes shipping1 . 

To 

Trade In Your 

For a New 

That's right - Now you can trade 
in your Packet Communicator 
IKPC-I) ,  or KPC-2, and for just 
$149.00, you'll receive a NEW KPC- 
2400! 

It's easy. All you have to  do is fill 
out the KPC-2400 EXCHANGE 
SCHEDULING FORM, and mail it to 
Kantronics with check, money order, 
Visa or MC number. You'll be 
scheduled for exchange and notified 
by mail when to return your KPC-1 or 
KPC-2 to  Kantronics. Once we  
receive your unit, a new KPC-2400 
will be shipped directly to you. 

You may also schedule your ex- Time) Monday-Friday, and we'll take it from there. 
change by calling the Kantronics To guarantee a quick turn-around time, Kantroriics is schedul- 
order desk and giving your Visa or ing ALL exchanges, and ass~gning authorization numbers. Any unit 
MC number. Just call (913)842-7745 returned to the factory without prior scheduling and authorization 
between 9-12, 1-4 (Central Standard number will not be given priority placement. 

KPC-2400 
EXCHANGE SCHEDULING FORM 

To schedule your KPC-2400 exchange, please fill out the lnformatlon 
below and mail thls form, lnclud~ng 5 1 4 9 ~ p a y m e n t  lshtpptng lncludedl 
to Kantronics. 1202 E. 23rd Street. Lawrence. KS 66046. You will be 
notl l~ed by mail of  your authorlzatlon number, and scheduled exchange 
dale. DO NOT RETURN YOUR UNIT WITH THIS FORM. Thls form IS  be^ 
Ing used to SCHEDULE returns 

When 11 IS tlme l o  return your unit, please DO NOT SEND BACK ANY 
CONNCCTORS. CABLES OR POWER SUPPLIES Send back only the 
unlt ~tst?lf. Any cables. connectors, or power suppl~es rece~ved will nor be 
returned You wlll receive a new mant~al and a 9 -p~n  connector wllh your 
new K I'C -2400 

Name Call Slqn 

Address 

Ctly State Z I P  

Phonel I Date 

Untl to be exchanged lcheck onnl K P C  1 K P C  2 

Snr~al Nl~mber 

Pavment (check one1 Check or Mnnpy Order 

V l S A  

M a s t e r  Card 

VlSA or Master Card Number 

Exp Date 

Any ur111 returned to the factory w~lhout payment, author~zat~on number 
and prlor scheduling will no1 recelve prlorlly placement 

KPC-2400 operales w~lh a 2400 bjls-per-second (BPS1 
dala rale In Ihe 2400 mode The stanal ralr ol 2400 BPS IS K2 Kantronics - -  - 
der~ved from a DlBlT dala slream operal~ng a1 1200 baud F l  t Data C o m n i u n ~ c a t ~ o n s  Speclallsts 
Therefore Ihe 2400 mode may be used above 28 MHL 1202 E. 23 Street Lawrence. Kansas 66046 (913) 842-7745 '06 



Power-Full ...7 0 Watts! 
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Sophisticated FM transceivers I , ' t  l ~ l ~ l l . l  

Kenwood sets the pace again! till1 OW I.'t)wvr .;I,$III(-II l ; ~ f t ~ ~ ~ i l ; l ! ~ l ~ ~  
F~or i l  II;III+.I 111 , ~ l r ; ~ ~ i i r ~ ~ , ! t ~ l t ~  :<+If!~i!, 

The all-new "25-Series" brings the (': rC.55; .IX I 11, , r  includes 97.4 Hz LOW 1 )w!~,r 1 

industry's first compact 70-watt ~OI~IIIOII:III 1 Pb4 :!!b ![)A I iivt .I., ??0 2 7 5  hlli: 

2-meter FM mobile transceiver. . ~ p j k , . ~  [ ) T M ~  I,nd, wl lh  ;lllilll,~l. rrl~,nlliir 1 1 1 ~ 1 1 1 : ~ 1  : l l , l r i f l l ' l  1 lllk ~ ~ 1 1 1 ~ ~ ! ~ r 7 ~ ~ ~ 1  

There is even an auto dialer which . ~ ~ , ~ ~ l ? ~  ~cl,,,, I, 1111,,~1 another 
stores 15 telephone numbers! There ~ ~ ~ ~ ~ ~ , j  
are four versions to choose from: . ~ ~ l r ~ l l l l l ~ l l ,  1, ) ,  h !,will 11 
The TM-2570A 70-watt. TM- 2550A New cj v!;~,, I, I~~I:,I:II~I~\ III~.~III~IIIKI 
45-watt,TM-2530A 25-watt and the ~,y!,~,,rll 
TM-3530A 220 MHz. 25-watt. Unique ~,11s~1 rr~~i.rc~liIic,ri!, I [InntAl Inr 

First ;11 bt,,:lt F!: 111, ~ l i r l ~ ,  I I ~~1~?5711/11 I I . I I~.V, . .  511, . I ,  ~iin 1111t I I I / J ~ I ~ I ~ I .  1.01fl 
ibn; l t~lta\ y ~ r r  r lc j  11.1 automatically OSY 
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1 ' I l C ,  l ~ l l l l l l  PI l l l ~ ~ l l i l ~ l ~ ~  , 1 1 1 ~ i  ;111l, 1 
rii,-il~~~:;iIly < , v ~ ~ l ~ t i  , I V ~  If) :I ?~fni~lc,x 

l l l ~ l l l ~ l  lll[,l 1 0  1 ' )  ~ , l ~ \ l l ~ r l  !ll(lll 1111' !Ill, ( h;~nni:l ; i f t r r  rl!l~~':!l!'r !:c?rilncl1 HI,~I,'T 

l i l l l l l l l ~ ! l ~~ ! l  
[)IIV~ 1 h r~y !~~ !~ , t r i I  (~1111y ,)I  I r l ~ f ~ ~ l ( ~ l l r ~ \ ~  Tlic, [ X I  sysli.rl1 s ra rc l i c?~  1171 ;In 

AII~~.~,III;I~I~., 11~11t~a I i~ r  a~lfc,+.l ! ~ ; ~ ~ l f ~ ~ ~ l ~ ~ ~ ! i  riy)on i.h;tnrlr.l. II ~lit?rrit)crs 11, rr>lrrrn:; 

a Kenwood exclusive! l o  l t lc i l l l ( ~1 l l ; l ~  I r c . i l ~ ~ r r l ~ y  ;i~l(i II:III!;I~II~S 

t X I (~ I~~I~, I I  III:!~LI,-III y t ~wr~1;!rli5 I~.'~I~II~?I I I~I~~IIII~~III~ In t i )  ~ - i r ~ ~ ) I t l ~ ~ r  DCI. 

lor P..IAlli; .111rl CAP il.I;, 1.1'1 I? IH/ .  t~(1111pl)(~i l  !;l:~t~:iri Ihnl s w ~ I ~ . h c ~ s  both 

l . l l ~ l r ) l  Mli.! ~ l i ~ . ~ i i ~ l ~ ; ~ l i l t ~ l  
~:I(IIo? Illis I,[.II 11 C;II;I~~I~I~I h41r.11 1 

()ro(:p;'ri!i (.iirtlr( il .I!;',IIII~~, f:~:,l ;triTI 
*?:i 1 Ii,~ririt:l I I I , . ~ I ~ I ~ I I ~  f 1 1 1  nllc.r71, ri.l~;iI?lf~ cipi~r;~Iir!ri T t i t ?  wlinlrcs i,roc:i:r;s 

I r i~~~l l ! ' l l l  y .t '"l ~ > l l t l  I1!11~. l l : l [ ! ~ l l ~ l l ~  Ill ;Ill l l l s l ~ l l l l ~  
.HICI 11111111 8 oltir I CI) ;trlrl I~I;II k 111 
, l l l l l r ~  115 It)! ! , X I  l ~ l l l ~ l - l l  \~l~.ll i l l l lv 

* PS-50 Actual slze front panel . MC-60AIMC-80IMC-85 L 

.MC-48 I I 1 1 ' II 1 1  / I  1 1 1 1  .. - . 

.MC-42s I I I l ! . ' . I .  1 . 1  

.MC-55 . .  1 i l l  , , ,  ! I .  I ,  .lit I 1 , l  1 1 ! 1  - 1  

mSP-40, , I I , ~ ,  I, 1 1 1 .  ! , I ,  : .  :I.. I 
asp-50 r r i  i.llm, '.rsm I L ,  I 

KENWOOD 
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switch to safety 

This is an editorial that / wish never had to be written. 
This past Field Day, Mike Mankey, WBOTEE, ARRL North Dakota Section Manager, was killed when 

the antenna he was erecting came into contact with a power line. According to the news report, the site 
was unfamiliar to Mike's group, and they didn't see the power lines hidden behind the trees. 

I'd like to report that this is the first time something like this has ever happened, but it isn't - and I'm 
afraid it won't be the last, either. Perhaps as we share, with Mike's family and friends, the sorrow of his 
loss, it would be appropriate to give some thought to the dangers we face in pursuit of our avocation. 

We've all done foolish things while working with electricity. When I was wiring 220 volts for my ampli- 
fier, for example, I was certain the circuit was dead; I'd pulled the breaker to de-energize it. But when 
I clamped my wire cutters and squeezed them shut, POW! Sparks, smoke, a sudden dimming of the house 
lights, and a wife screaming down the stairs expecting to find the worst. I was stunned and ashamed by 
my stupidity - I'd pulled out the wrong circuit breaker! 

As I calmed both myself and my wife down, 1 started to analyze what I'd done wrong. It was late. I 
was tired and in a hurry to get the work done. I thought I'd taken all precautions. . . if you pull the breaker, 
the circuit is dead - isn't it? 

I've done other very stupid things over my almost 20 years as a ham. Although I'm not proud of these 
experiences, I do hope I've learned something from them. WBOTEE's untimely death serves as a reminder 
to us all that it's imperative to always, always think safety, no matter where you are and no matter what 
you're doing. 

If you're climbing a tower, make sure you're safely belted to it. If you're troubleshooting a live circuit, 
remove all rings, jewelry, and watches that could make you part of a complete circuit; keep one hand in 
your pocket. Make sure power supplies are properly built with the appropriate bleeder resistors. Don't stick 
your hand into your amplifier when it's turned on to "adjust" that bent plate choke. And watch out for 
power lines; they aren't always easy to see. 

By the way, if you were to receive an incapacitating shock, would your family know what to do? Would 
they know not to touch you directly, but to pull you away from the electrical source with a stick or some 
other nonconductive tool and turn off the power ? Do they know CPR? Do they know how to get qualified 
emergency help as quickly as possible? Are the phone numbers posted by the phone - or better yet, on it? 

We extend our deepest sympathy to Mike Mankey's family. Although we cannot lessen their loss, we 
can learn from it - and switch to safety. 

Craig Clark, NIACH 
Assistant Publisher 

4 September 1986 



HF Superiority! 
TS-930s All band transceiver with genera! coverage receiver 
Throughout the contest Easlly modlfled for HF Power ~npul  rated at 250 CW VET and pltch controls 
and DX world, the MARS and CAP operatton watts on SSB. CW. FSK. IF notch f~lter 
TS-930s is recognized as Excellent recetver dynam~c and 80 watts on AM Tunable aud~o f~lter bullt ~n 
THE HF rig to own-with range Full break-ln or semi- Dual mode noise blanker 
the most outstanding All sol~d state. 28 volt f~nal break-~n CW ("pulse" or "woodpecker") 
performance per dollar ampllfler for lowest Inter SSB slope tuning-Another wlth threshold control 
ratio! modulat~on dlstortlon Kenwood Flrstl Etoht rnemorv channels 

~ f s p e e c h  processor 
Hlgh stab~llty, dual dlgltal 
VFOs. 
AC power supply hull1 In. 
Fluorescent tube d~gltal 
d~splay. 
One year llnilted warranty 
on parts and labor 

Compact aN band 

Superb ~nterference 8 memorles store mode. Programmable scannlng 
reduction frequency, band Each Dual d~g~ta l  VFOs 
Superlor solld slate channel may be used as VOX, semt break-ln CW 
des~gn a separate VFO w~th s~detone 

transceiver with . . - ~ -  - -~ - 

general coverage 
receiver 
Kenwood engineering 
brings you "Digital 
DXterityn-QSY from 
band to band, mode-to- 
mode, and frequency- 
to-frequency with ease! 

Easlly modified for MARS 
operat~on 

TRIO-KENWOOD COMMUNICATIONS 
1 1 1 1  VJI.\I 'fl,?lnol 511i,'4 
C0",,>1# , ,I C.,,I,l",,><<, r~fl:':~o 



OSCAR 10 IS BACK ON THE AIR ON BOTH MODES B AND L, as a result of some masterful computer 
analysis and reprogramming! The sophisticated bird had shut down several months ago, apparently 
from radiation-induced memory damage. After extensive earlier efforts to regain control failed. 
it seemed almost certain OSCAR 10 would be off the air for good. However, analysis of the 
limited responses that could be induced by control station commands provided clues to what 
portions of its memory still seemed intact, and when DJ4ZC uploaded software written for those 
memory areas the satellite came back to life! 

It Now APDearS O W  10 Will Be Us&,k In &&b Mod- for the foreseeable future, but with 
some limitations; at this time the most important is a 100-watt ERP limit on uplink signals. 
The CW/RTTY beacon is apparently gone for good, but attitude control has been restored so the 
control stations should be able to keep the batteries well charged. There's cautious hope that 
OSCAR 10 can be kept up and running at least until the Phase 3C satellite goes up, though 
recent problems with the French Ariane launch vehicle have pushed its launch well into 1987. 
Check the various M A T  nets for further updates. 

ese JAS-1 SatUte's L a u n c h .  Late J U .  was also pushed back but at 
presstime was still expected during the first half of August. In addition the launch of two new 
Russian Amateur satellites, RS-9 and RS-10, is likely in September. 

&GAT Has A New Illu-ated Cataby of M- S U D D ~ ,  software, and publications. 
It's available from the AHSAT office (301 589-6062) or at AHSAT hamfest booths. 

MIAMISBURG, OHIO'S TOXIC TANK CAR FIRE THAT BEGAN JULY 8 SPARKED one of the nation's 
largest mass evacuations ever and once more proved conclusively Amateur Radio's value in 
emergency situations. Almost 400 area Amateurs from about 20 clubs took part during the 
four-day emergency, providing the essential interconnecting link for participating local. 
state, and federal agencies. Since most agencies are limited to their own unique frequencies. 
and those in many cases were jammed with the volume of communications. Amateurs rode police 
cars, fire trucks, and even a helicopter to provide those working the disaster with the only 
common communications network that could tie them all together. 

In Additi~n, Amateurs Also Set UP WeafJLer Track fIlg that provided firefighters with 
precise rain shower and wind shift information, vital to plotting the toxic cloud's path. 
Amateurs also coordinated the evacuation of more than 300 nursing home residents to a safe 
location, monitored hospital emergency room loading, and arranged food shipments to the various 
evacuaLion centers. In the aftermath of the 100-hour-long operation the Amateur communicators 
received very high marks from those they were assisting and as well as plenty of very positive 
media exposure. Congratulations to all for a very fine job! 

ARRL HAS ASKED THE FCC FOR IMMEDIATE ACCESS TO T m  18-MHz WARC band, based on belief that 
the U.S. government is no longer using that band. Unfortunately, the League's information 
wasn't accurate, so don't expect any favorable action on 18 MHz soon. 

NEW EIA OPPOSITION TO THE COMMUNICATIONS PRIVACY ACT HAS RAISED HOPES that the bill may not 
make it through the Senate in its present form after all! In a well-thought out and strongly 
worded letter sen' to all U.S. Senators, the Mobile Communications Divison of the Electronic 
Industries Association cited a number of reasons for opposing 5-1667. For example, with 
respect to radio communicat,ions, the letter says "...it is not reasonable to attempt to 
legislate privacy . . ." so that the bill would, in effect, "...instill a false expectation of 
privacy!" The letter then points out that the bill is inconsistent with the Communications Act 
of 1934, which recognizes that a prohibition against intercepting radio communications is 
impractical but establishes severe sanctions against the misuse of intercepted information. It 
further notes the bill is in itself inconsistent, since it admits that cordless telephone 
transmissions are easily intercepted -- so can't be protected -- but provides unqualified 
protection to cellular transmissions! "This discrimination," the letter continues, "certainly 
cannot be rationalized on a technical basis .... There is no justification for this legislation 
to treat one mode of radio communications differently from others!" Another point: "There can 
be no true expectation of privacy with radio communications unless the message is encrypted 
(scrambled)." It concludes. "The nature of radio communications cannot be changed by 
legislation ..." but concedes that the problems cited could be changed by amendment. 

SUDDO~~; For T h e w s  WFromthin The EL&, and at least one land mobile 
manufacturer has sent key senators a followup letter stating its opposition to the EIA 
position. Nevertheless, the EIA makes valid points, and the letter's arrival appears to have 
seriously compromised the bill's hopes of the bill's supporters for quick Senate passage. 

Amateurs And Others Who ODDOS~ S-1m;Lo Its Present Form should call or write their 
Senators. to register support for the EIA Mobile Communications Division letter. 

"CAPTAIN MIDNIGHT," WHO BROKE IN ON AN HBO MOVIE IN APRIL to object to scrambling of 
satellite TV, has been caught. He's John Mac Dougall, a 25-year-old satellite TV dealer and a 
part-time operator for an Ocala. Flori.da uplink station. Unfortunately, he's also KAIWJA, so 
some news reporters have also been condemning Amateur Radio along with Mac Dougall! In a 
plea-bargaining agreement he's been fi.ned $5000 and sentenced to one year's probation with his 
Technician Class license suspended for a year. 

6 September 1986 
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happy endings 
Dear HR: 
I've been meaning to write for some 
time now to let you know of the re- 
sponse to my letter published in the Oc- 
tober, 1985, issueof hamradio. I started 
a letter several times, but didn't know 
exactly what I wanted to say. A simple 
"thank you" wasn't quite enough. 

I received many nice cardsand letters 
and have made many new friends. The 
greatest surprise came late one evening 
when I received a call from a represen- 
tative of ICOM America who reported 
seeing my letter and asked whether I 
would be interested in an ICOM trans- 
ceiver. Then sheasked thequestion that 
left me speechless: if I had a choice of 
any ICOM radio, which would I choose? 
"A 751," 1 replied. When she told me 
one would be shipped the following 
day, I honestly didn't believe it. I 
thought it was some kind of joke. 

When the UPS truck arrived with two 
large packages just two days later, I real- 
ized it was no joke, nor was it a dream. 
I opened the larger box and found a 
brand-new ICOM 751 complete with a 
factory-installed PS35 power supply, 
FL52A filter, voice synthesizer, hand 
mic, and all the power cables. WOW! In 
the other box was an ICOM 251A, 2- 
meter, all-mode transceiver with all the 
accessories and an SM8 Duo Desk mi- 
crophone. Double WOW! 

Is this the end of the story? No, far 
from it. Many hams responded with 
other equipment and good wishes. I 
have tried and believe I have responded 
to each person who contacted me, but 
I'd still like to express my sincere and 
deep appreciation to everyone who as- 
sisted me in any way, whether it was 
with equipment or just a kind word of 
encouragement. 

And of course, my sincerest, heartfelt 
thanks go to those caring people at 
ICOM America. 

M y  dream, from the beginning, has 
been to provide phone patchesfor mis- 
sionaries in foreign countries. I'm on the 
air now and able to provide assistance 
in handling written traffic, but two more 
itemsare needed: a phone patch and an 
amplifier. God has truly blessed me in 
enabling me to become part of the fra- 
ternity of Amateur Radio. I hope that by 
providing phone patches I'll be able to 
give someone a small token of pleasure 
or service they might not otherwise have 
had. 

At 32,l don't knowwhat a toll MS will 
take on me, but I can assure you it will 
have a good fight. Somehow I feel that 
the day I give up or give into the limita- 
tions - if there really are any - will be 
the day my dream ends. That day must 
not come; I must not let it. 

In the two years since I became dis- 
abled I've realized that I, like many, once 
found too many excuses for accepting 
limitations. But I'vealso disovered that 
a limitation is only an obstacle between 
you and your goal. If you can't go 
through it, then you'll just have to go 
around, under, or over it. The point isto 
reach your goal, any way you can . . . 

John Statham, N5HTQ 
McComb, Mississippi 39648 

no problem! 
Dear HR: 
How often have you purchased an item 
that later developed a problem - and 
then found out that getting the item 
fixed was an even bigger problem? 

I bought a Mirage amplifier and was 
pleased with its performance. But one 
day, after a particularly long-winded 
QSO, the power amp in my B3016 2- 
meter amplifier quit in a puff of smoke, 
despite its good heat sink and an at- 
tached blower. 

I sentthe unit, which wasa couple of 
years old, back to Mirage for repair. 
Needless to say, I was surprised to 
have it returned promptly, with "NO 
CHARGE" marked on the invoice. I had 
expected a long exchange of purchase 
receipts, letters, charge card informa- 

tion, and the like. What a surprise to 
have a warranty repair done quickly and 
without a quibble! 

I use three Mirage amplifiers, two at 
home and one mobile, and have found 
them all to  be well made and long- 
lasting, even in the 100 percent duty 
cycle of ATVoperation. I would recom- 
mend Mirage to anyone who wants a 
quality product. 

Henry B. Ruh, KB9FO 
Chicago, Il l inois 

narrowband filters 
Dear HR: 

Two versions of the program 
described in my March, 1986, article, 
"Build Narrowband RF Filters," are 
now available for computers other 
than those originally mentioned. 

Atari owners may contact Marion D. 
Kitchens, K4GOK, 2709 Colt Run 
Road, Oakton, Virginia 22124. Marion 
will provide a copy (on disk). Owners 
of the Timex 1000 can contact Rudy 
Knaack, W7FGQ, 11415-28th S.W., 
Seattle, Washington 98146. Rudy will 
provide a listing for an SASE, or will 
copy the program on cassette tape for 
$5. 

I might add that both versions im- 
prove on my method of calculating 
Chebychev order and save program 
lines. 

The ultimate line-saving version of 
the program comes from Ken String- 
ham, AEIX, who uses the equations 
that derive k and q values that I en- 
tered in table form (lines 1000-1500). 
Although Ken didn't mention that he'd 
provide listings or copies, he did send 
me a copy. Someone interested in 
adapting the program to another 
machine might be interested in getting 
this listing (written in C-64 BASIC) 
from me. 

I have had inquiries from owners of 
the IBM PC (and clones), but as yet 
have no information for them. If any- 
one is working on translating my pro- 
gram to any other machine, I'd appre- 
ciate knowing. I'll act as a "clearing 
house" for information about the pro- 
gram and sources. 

Bob Lombardi, WB4EHS 
Melbourne, Florida 32935 
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Ground and aerial views of two element 80m delta loop array supported by 46'  boom at 115'. 

analyzing 80-meter 
delta loop arrays 

NEC program 
assesses performance 

in the presence of 
"real" ground 

During theearly part o f  1985.1 finally managed t o  
complete the installation of a "gain" antenna for the 
80-meter band: a reflector-driver parasitic array with two 
equilateral triangular loop elements. Later in the year, I 
realized another ambition: theability toanalyze HF wire 
antennasover real ground with a trustworthy computer 
program. In this article, which describes the results of 
applying that capability to theanalysisof my newanten- 
na system, I'll show the behavior, over poor ground, of 
the peak gain and "average" front-to-back ratio across 
the band, along with a number of radiation patterns. I'll 
describe the antenna system itself in just enough detail 
to define the item under study. 

Of course, the first question one always asks about 
any project is "How can I make it better?" Toward this 
end, I'IIshow, at a singlefrequency, theperformanceob- 
tainable with a number of more-or-less feasible varia- 
tions on the existing design, including the following: 

alternative feedpoints; 
higher boom; 
closer element spacing; 

both elements driven; and 
square loops. 

I'll also discussa few other "gain" parasiticantenna sys- 
tems, including pairs of dipoles and inverted vees, and 
the half-wavesloper. Finally. I'llshow theeffect of a less 
convenient option - relocating to theseacoast - that 
provides the best results of all. 

Assuggested above, this isn't a construction article. 
Neither is it intended to present a design procedure. Even 
with the power available in current microcomputers, the 
number of trials required to find an "optimum" design 
is prohibitive unless one narrows the scope at the out- 
set. This is the purpose of thisarticle: to providedata on 
which to base an informed selection of basic design 
choices. 

the antenna 

After years of careful deliberation (i.e., procrastina- 
tion), I ultimately decided to build a system very similar 
to the W2PV array that I discussed in a previousarticle.' 
The two identical equilateral loopsare supported, apex 
up, by a 46-foot boomat the 115-foot level on a 120-foot 
guyed tower. The loop's circumference is 264 feet (88 
feet per side). I used No. 10AWG copper wire, primari- 
ly because it was already "in stock." 

Figure 1, a diagram of the configuration, shows the 
coordinatesystem that I'lluse in defining radiation pat- 
terns. The x axis is parallel to the boom from the reflec- 

By Bill Myers, KIGQ, Box 501, Hollis, New Hamp- 
shire 03049. 
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fig. 1. Delta looparray configuration. The perimeterof each 
equilateral loop is 264 feet. The horizontal side is 39 feet 
above ground. 

1 

tor end toward the driven element. The y axis 
lies in the ground plane and in the plane of the loops, and 
the z axis is positive upward. 

The two loops are configured as a reflector plus driv- 
er parasitic array by adding a 4 pH coil in series with the 
reflector element. An additional 12 pH is connected in 
series with each loop to switch the center frequency 
from 3.8t03.5 MHz. The necessary switching isaccom- 
plished using relays in a small box at each loop apex. 

Equal lengths of RG-11AIU connect these boxes to 
a third relay box at the center of the boom. I use chokes 
(patterned after the W2DU balun2) at these feedpoints 
to reduce currents on the outside of the feedlines. The 
central switchbox selectseither or both loops to be con- 
nected to the main transmission line, which is 75-ohm 
CATV cable. 

On 80 meters, transmission line losses are very small, 
even when the line is operated at high SWR (i.e., mis- 
matched at the antenna). For simplicity, I decided not 
to attempt any matching at the antenna. Instead I use 
lumped-reactance networks at the station end, with ad- 
ditional relays to select different networks so that I can 
instantly switch between matched parasitic or driven 
configurations. 

LS' 

fig. 2. Elevation radiation pattern at 3.8 MHz. Peak gain is 
8.69dBi at 36.5degrees. Front to back averaged over25to 
75degrees (see text) is 11.49 dB. The xand z axes are illus- 
trated in fig. 1. 

the computer program 

I'm fortunate to have access to the resources need- 
ed to run the complete Numerical Electromagnetics 
Code (NEC).3This program isideally suited toanalyzing 
the performance of wire antennas up to a few wave- 
lengths in size, with arbitrary shapesandexcitations, in 
the presence of "real" ground. For those familiar with 
the method of moments, I modeled thesix straight wires 
that make up the two-element array with 11 segments 
each. Excitation was applied at the centers of the two 
segmentssurrounding the apex, since the NEC models 
sources at the segment centers rather than at the seg- 
ment junctions. The ground characteristics were dielec- 
tric constant, 4, and conductivity, 0.001 Slm, the usual 
valuesfor poor ground suchastherocky, hilly terrain be- 
hind my house. 

radiation patterns 
The NEC program produces an enormous listing of 

numbers that's difficult to fully assimilate. Fortunately, 
I've succeeded in compressing much of the information, 
without too much agony, into a more visual format - 
namely, polar radiation pattern plots. It's important to 
understand these plots well, so I'II explain an example 
of each of the two types of pattern charts in some detail. 

Figure 2 shows the chart I'II refer to as the elevation 
pattern. The thick curve on the inside of the grid is the 
ratio (in dB) of the total radiation intensity, in the direc- 
tion defined by the angular coordinate of the chart, to 
the radiation intensity that would be obtained if the an- 
tenna input power were uniformly distributed over a 
sphere. Most folkssimply call this ratio "gain relative to 
isotropic," with the notation "dBi" when the ratio is ex- 
pressed in decibels. The angular coordinate for this chart 
is measured in the vertical plane containing the boom; 
that is, thexzplaneshown in fig. 1. Thegrid interval on 
the chart is 15 degrees, although the resolution for pat- 
tern data points is one degree. 
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The outermost radial of the elevation pattern grid cor- 
responds to zero dB, relative to the peak gain in the xz 
plane. The value of peak gain is noted in each figure cap- 
tion. This normalization creates good detail in the pat- 
tern characteristics. Notice also that the radial coordin- 
ate IS non-uniform, as was first recommended by K1 TD4. 
My charts are drawn with the scaling: 

radius = 10G/40 

where G is the normalized gain in dB. This scaling ex- 
pands variations near zero dB so that the 3-dB beam- 
width iseasy to identify, without compressing variations 
in the sidelobe regions excessively. 

The second type of radiation pattern plot is the azi- 
muthpattern, as illustrated by fig. 3. Here the angular 
coordinate is measured in the horizontal plane - the xy 
plane of fig. 1. Although theelevation chart showsonly 
the above-ground hemisphere, the azimuth chart must 
showa full circle to allow for possible asymmetries in the 
radiation pattern (for example, those caused by feeding 
the loop array at one of the lower corners). 

Each azimuth pattern corresponds to a particular val- 
ue of the elevation angle. The obvious choice for the ele- 
vation angle is that corresponding to the peak gain on 
the elevation chart. Thisangle is36.5degreesat3.8 MHz 
for my delta loop array, but i t  variesfrom case to case. 
In order to reduce the number of computer runs, I used 
36 degrees for the elevation angle in all azimuth charts 
presented in this article. 

Most readers will have encountered the terms "H- 
plane" and "E-plane" in connection with radiation pat- 
terns. I'm avoiding these terms because their definition 
is more likely to cause confusion than illumination. Also, 
I've deliberately omitted labels fot the angular coor- 
dinates in the radiation pattern charts because the stan- 
dard coordinatesystem (asdefined by the IEEE) is coun- 
ter-intuitive for those of us who grew up in an azimuth- 
elevation world. 

peak gain 
The peak gain of an antenna system is the value of the 

gain in the direction of its maximum value. For most of 
the results discussed here, the direction of the maximum 
occurs in the vertical plane containing the boom. Thus, 
unless otherwise noted, the values quoted for peak gain 
are to be understood as the peak in the xz plane. 

It is not my intent, in thisarticle, to providean exhaus- 
tive discussion of peak gains. There are two reasonsfor 
this. First, the number of interesting cases is overwhelm- 
ing when one considers the range of applicable heights, 
frequencies, and ground characteristics in addition to 
the enormous variety of antenna designs. Second, there 
are many well-established myths that must be systemat- 
ically dealt with inany such undertaking; doing so would 
expand thescopeof thisarticlesubstantially. Thus, the 
gains presented herein should not be extrapolated be- 
yond the conclusions stated below. 

0 ' 
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fig. 4. Two element delta loop array performance versus 
frequency for phoneand CW modes. The phone-modede- 
sign frequency is 3.8 MHz. The CW-mode is created by 
series-loading each loop with a 12pH inductor. 

fig. 3. Azimuth radiation pattern at3.8 MHz  for36 degree 
elevation angle. The x and y axes are illustrated in fig. 1. 

average front-to-back ratio 

-4 

The concept of front-to-back ratio needs some elabo- 
ration to provide a useful measure of 80-meter antenna 
performance. Assuggested by fig. 2, the elevation pat- 
tern can exhibit deep nullsat selected elevation angles, 
while showing large lobes at other angles off the back. 
Thus, the ratio of forward gain at a specified elevation 
angle to the backward gain at the same angle can vary 
dramatically for different elevation angles. 

On the 80-meter band, allof the elevation angles are 
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When we set out to make the best amateur radio 
equipment in the world, we had some pretty tough 
standards to live up to ... 

... yours 

... and ours. 

So we des~gned the RC850 Repeater Controller, the Industry's top of the 
llne repeater control system Now In ~l's "th~rd wave" ol Innovation, thanks to 11s 
des~gped for the luture archttecture and new sohare releases 
h e  '850 delmes the ~ndustry standard In repeater control systems 

Fully remotely programmable wlfh TwchTone commands 
Front panel LED display 
Over 300 word customtzed male and female speech synthesls vocabulary 
Tlmelday of week Scheduler wtth 10 Set-up states, 30 changewers and 
events. over 100 scheduled Items for hands off operation and automattc 
reminders 
Full or hail duplex autopatch, autod1a1(250 numbers), emergency autodlal. 
reverse autopatch, ant~d~aler, toll restrlct lncludlng telephone exchange 

If your repeater budget can't afford the '850, we ofler the 
RC-85 Repeater Controller, whlch we l~ke to call the "second best 
repeater controller In the world" Ils a scaled down, slmplrlled verslon of 
our '850, but overall. 11 offers more capabll~ty and h~gher qual~ty 
than anyone ekes control equipment at any prlce 

Remotely programmable w~th TouchTone commands 
,m Over 175 word customized male speech synthesls vocabulary 

Selectable "Macro sets" for easy control opetator selection 
Autopatch, autodlal (200) numbers, emergency autodlal, reverse patch 
Remotely programmable ~nlormatlve ID'S (7). tall messages (3). 
bulletln board (2) 
Supporls syntheslzed remote base trarncelver, control receiver, alarm 
Selectable. lnformatlve cwrlesv tones 

tables, s~pporls remole ano rn~lt~ple phone 11nes Tal~~ng Smeter ~wo-tone pag'ng 
Inlormat ve remotely programmable ID'S (1 7). la11 messages (131. Easy hookup lo any repeater 
bu letan boards 151 -~ ~ ~~~~- .-. 
16 channel volce response analog metermg, automatlc storage of 
m~nlmax values on each channel. values may be read back on command 
or may be Included In any programmable messages 
Supwrls synthes~zed remote base transceivers and lull duplex links 
lndlv~dual user access codes to selectable features 
Matlbox fcf user-to-user, and system-lc-user messages 
Paglng- two-tone, 5/6 tone. DTMF. CTCSS. HSC d~splay. 
user commandable and may be ~ncluded In programmable 
messages (I e. alarms) 
Easy hookup to any repeater 

For those who lhke to "roll theor own", we can get you off to a rolllng starl wrth 
w r  ITC-32 Intelligent Touch-Tone Control Board Much more 
than lust a decoder, tls a m~nl-control system of 11s own, w~th the bastc 
repeater and remote base functions butlt-ln And 11 can be tattored by you 
w~th Its Personaltty Prom 

28 remotely controllable latched or pulsed logic outputs 
4 alarm or remote sensed logtc inputs 
Response messages to conl~rm command entry 
Repeater funct~ons lnclud~ng COR. IDer. tamers, courtesy tone, etc 
Remote base funct~ons lncludlng control of syntheslzed transceiver 

Our new Digital Voice Recorder lets you remotely record ID'S. tall messages. Remotely recordable, vanable length aud~o tracks, 
and varlous other response messages lor automatic playback through your accessed from controller messages 
repeater Audio IS stored d~g~tally wtth no-compromtse reproductlon qual~ty tn TOP quallty, no compromise aud~o reproductlon 
up to elght megablts of memory The DVR can support up to three Independent Supports up to three repeaters for cost effective tnstallatlon 
repeaters for a low per-channel cost Its TouchTone activated volce mallbox Expandable to roughly 6 mtnutes of speech In 8 megablts of memory 
leis your users easlly record messages for other users when they aren't around Easy ~nterface to RC-850 RC-85 controllers or to any stand-alone repeater 

QST: Attention All Hams 
If you own a shack, you should know about ShackMaster" 
ShackMaster lets you carry your home statlon w~th you In the palm of your 
hand It acts as your gateway to the world lhnklng your handheld 
transcelvrr to your htgh performance HF stallon Now Instead of your 
valuable home equ~pment belng available to you 1 % of the time 
rt s avatlable 99% of the t~rnel Whether around the house In the yard 
M across town ShackMaster lers you take 11 wllh you 
BUI that s lust pa0 01 ShackMastets story It lets you communicate 
wtth the lam~ly by handllng th~rd parly traff~c- 11s electronic mallbox and 
fnlercom let you keep In touch And a stmplex patch lets you place 
important calls dlreclly through your home phone 

Crossband Ihnklng - VHFIUHF to HF 
Telephone access to your home statlon 
BSR Home Control Interlace 
Elecfron~c Mallbox 
Shackpatch" lnlercom Into the shack 
PersonalPalch" simplex autopatch 

All w r  products are documented wlth h~gh qual~ly, easy to read manuals 
Our goal IS to advance the state of the repeater arl But most of all. 
our products put the FUN back Into the FUN MODE! 

To o r r f i < r  orlt' ot I h r w  arlvanrr*d rontrnl (ltlrrll~rls (':I11 40R 7?7 33.10 
Trrhnfcal manualsarrava~lat) l l~lrrr  l~urclinsr anlf lhr~;11~101t111 jlalrl ~sr l l I ( l l~rd 
ns R d ~ ~ o s t l  on thr rq~t111rii(~nl rot SI)P~!IIC~IIOI~S nncl ;I r n l ~ y  111 Our RCC 
Nolrs nrwslrtlcr lltst wrltr ( lr  sfmd In your OSL riird If1 

m 
V M  

QCC advanced m 
','.., ,!,,I Mastercard :ti . I 1 '  I 

computer 
controls, inc. ;,2lilj Walsh Avmur  Snnl;~ c1.11;~ CA 9'.nr7t (408) 727-3330 
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fig.5. Phone modeelevation patternsfrom3.65(A) through 3.95 MHz (J). See table 1. 
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significant, from the extremely low angles needed for 
very long DX paths to the nearly straight-up angles re- 
quired for accepting (or rejecting) local signals. As far 
as I can determine, the question of which angles are 
most important, say for the path from New England to 
Western Europe, remains unanswered. G6XN6 claims 
that the only valid rule is "the lower the better." There 
seems to be ample evidence to the contrary, however. 
For example, many DXers in the Northeast have observ- 
ed that high-angle antennas often perform better than 
low-angle antennas when the band first opens toward 
Europe in the evening. (The same observation applies 
to both40and I60  meters, as well.) In any case, 80-meter 
antenna systems with poor gain near the horizon (such 
as the delta loop array described here) are good overall 
performers, suggesting that angles in, perhaps, the20- 
to 50-degree region are indeed useful for medium-range 
DXing. 

In assessing the radiation pattern, we're usually in- 
terested in the ability of the antenna system to reject 
strong signals coming from the backward direction, 
which are most likely to arrive at relatively high elevation 
angles (the lower angles corresponding to longer paths 
and thus to weaker signals). Thus, I'vechosen to display 
the ratio of the peak forward radiation intensity to the 
backward radiation intensity averaged over the elevation 
anglesfrom 25 to75degrees. This power ratio is present- 
ed in the customary dB. I'll abbreviate this performance 
characteristic as "averaged f l  b," rather than "peak for- 
ward power to backward power averaged over 25 to 75 
degrees in the xz-plane." I believe this quantity is a more 
useful indicator of 80-meter antenna performance than 
the customary f l b  ratio; furthermore, the values pre- 
sented below seem to agree well with on-the-air obser- 
vations. 

impedance 
Knowledgeof theantenna input impedance is useful 

Table 1. Phone-mode elevation patterns vs. frequency. 

Frequency Peak Gain Angle Average FIB 
(MHz) (dBil (deg) (dB) 

3.65 7.44* 38.0 - 5.35 
3.7 7.62" 36.0 -3.69 

3.75 7.66 34.5 2.41 

3.775 8.48 35.5 6.73 

3.8 8.68 36.5 1 1.49 

3.825 8.54 37.5 14.33 

3.85 8.27 38.0 12.94 

3.875 7.99 38.5 10.73 

3.9 7.73 38.5 9.04 

3.95 7.30 39.5 6.86 

'In the backward direction 

for two reasons. First, one can design a matching net- 
work to transform the input impedance to the charac- 
teristic impedance of the transmission line, thereby 
minimizing line losses due to mismatch. Second, the 
NEC calculation of gain requires an accurate value for 
the input impedance (in order to determine input power). 

The fidelity of the NEC input impedance computation 
is affected by the number of segments specified for the 
antenna model. More segments improve the impedance 
result (up to the onset of numerical difficulties), but also 
increase the run time dramatically. However, if theseg- 
ment length is held constant from case to case, then the 
relative results can be trusted even though the absolute 
values may be suspect. In all of the casespresented here, 
the number of segments per straight wire section was 
selected to yield approximately the same physical seg- 
ment length (8 feet). 

Input Impedance vs Frequency (MHz) 

performance 

150 

100 

50 -- 

- 

Figure 4 shows the computed performance versus 
frequency for my two-element array. The phone-mode 
peak gain reaches its maximum (8.68dBi) right at the de- 
sign frequency, 3.8 MHz. The peak in the average f l b  
is about 25 kHz higher. The CW-mode gain reaches its 
maximum just above3.5 MHz, and the offset to the f / b  
peak isalsoabout25 kHz. The overall response appears 
slightly narrowerfor the CW mode, asshould beexpect- 
ed for loaded loops, but the difference in bandwidth be- 
tween modes is unimportant. The maximum CW peak 
gain (8.40dBi at3.525 MHz) isslightly belowthe phone 
mode maximum. 

The gain and f l b  peaks can be aligned at the samefre- 
quency by at least two methods. The reflector loading 

--- - - 

-- 
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fig. 6. Computed input impedence versus frequency for 
phone and CW modes. These do not correlate well with 
measurement (see text). 



EIMAC Tubes Provide Superior 
Reliability at radio station KWAV - 
over 112,000 hours of service! 

Ken Warren, Chlef Englneer at reliablllty wlth the longest and Send for our free Extended War- 
KWAV reports that the~r 10 kW best warranty program In the ranty Brochure whlch covers 
FM transmltterwent on theair In business Up to 10,000 hours for thls program In detall. 
November, 1972, equlpped with selected types. Write to: 
ElMAC power tubes. The orlgl- 
nal tubesarestlll In operation af- 
ter over 13 years of continuous I Varlan EIMAC 
duty1 301 lndustr~al Way 

Ken says, "In spite of terrible San Carlos, CA 94070 

power llne regulation, we've had Telephone (415) 592 1221 

no problems w ~ t h  ElMAC tubes. 
In fact, In the last two years, our 
standby transmitter has oper- 
ated less than two hoursf" 

Transmitter downtime means 
less revenue. ElMAC tube reha- 
b111ty gtves you rnoreof what you 
need and less of what you don't 

want. Operating time and Quallty ~ s a  topprlorlty at EIMAC, 
less downt~mel where our 50-year charter IS to 
ElMAC backs thelr proven tube produce long-life products. 

varian 
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inductance can be varied. Or one can simply redefine the 
range of angles over which the average is computed. 
The point here is that the25-kHz offset isa silly amount 
to worry about. 

A more significant result is the pattern reversal just be- 
low3.75 MHz. Negativeflb ratio means that the direc- 
tion of the peak gain is toward the reflector. Thisoccurs 
because the parasitic element is electrically too short to 
act like a reflector. The potential for disaster caused by 
too-short loops is obvious; if I ever rebuild the loops I will 
probably increase thecircumference4feet to move the 
design frequency down about 50 kHz. 

Figure5, a series of elevation radiation pattern plots 
at a number of frequencies surrounding the design fre- 
quency, shows the pattern reversal quite nicely (see also 
table 1 ). Note that the elevation angle of the main lobe 
is nearly the same at every frequency, increasing uni- 
formly from 34.5degreesat 3.7 MHz to38.5degreesat 
3.9 MHz. If we define the effective height of an anten- 
na system as the height of a horizontal half-wave dipole, 
above perfect ground, which yields the same elevation 
for the first lobe of the ground reflection pattern, then: 

- 
Table 2. CW-mode elevation patterns vs. frequency. 

Frequency Peak Gain Angle Average FIB 
(MHz) (dBi) (degl (dB) 

3.475 6.67 34.5 0.38 

3.5 8.28 36.5 7.14 

3.525 8.40 39.0 14.31 

3.55 8.01 40.5 12.42 

3.595 7.57 41.5 9.16 

3.6 7.21 42.0 7.21 

A 

where 0 is the elevation angle. The effective height for 
the parasitic array (at 3.8 MHz) is 0.42A, or 109 feet. 
Thus, even though most of theantenna structure iswell 
below the effective height, the array still yields a relative- 
ly low angle for the main lobe. 

This rather surprising result comes about because of 
thesupression of higher angle radiation by the array free- 
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fig. 8. Elevation patterns at 3 8 MHz for alternate feed- 
points Peak gains are8.80dBi and 5.48dBi for (A) bottom 
and (El  corner feed. respectively. Corresponding average 
FIB ratios are 11 53dB and7.83 dB. The dashed pattern on 
these charts is for top feed. 

space directivity. If the directions for the peak gains of 
the free-space pattern and the ground reflection pattern 
were aligned, we could expect gain in the neighborhood 
of 13dBi (7 dBi from the array and 6dB from the reflec- 
tion). The actual peak gain is lower partly because the 
lobes are not aligned  the free-space array peak is on the 
horizon, where theground reflection pattern hasa null) 
and partly because the reflection isn't perfect. 

The input impedancescalculated by NEC for the delta 
loop array are plotted in fig. 6. The phone mode system 
is resonant near 3.815 MHz, with the resistive compo- 
nentequal toabout80ohms. The CW mode resonance 
is about 3.535 MHz, at 65 ohms. These results don't 
correlate with SWR measurements or with admittance 
measurements at the transmission line input. This isn't 
too surprising, however, because the antenna model I 
provided as input to NEC isn't especially realistic in de- 
tails that can influence impedance, such as adjacent 
towers and uneven terrain. 

Figure 7 shows the CW mode elevation patterns for 
frequenciesat the bottom of the band (seealso table2). 
Theelevation anglesfor the gain peaksare slightly higher 
than for phone mode, but not enough to be of concern. 
The best pattern occursa bit high in the band for an in- 
veterate DXer, but I'vefound on-the-air performance to 
be excellent at the very bottom of the band. 

In fact, in practice the apparent f / b  ratio has been 
generally consistent with that indicated by the perfor- 
mance calculations. On both modes, S5 stations in 
Europe disappear into the band noise when the array 

direction is switched. Louder Europeans decrease in sig- 
nal strength about2 to3 S-units, while US stations come 
up by the same amount. My receiver is a TS-930; I've 
checked the S-meter calibration and found it to be about 
5 dB per S-unit. The array shows essentially no f / b  at 
3.75 MHzand isdefinitely backward (in the phone mode) 
at 3.7 MHz. 

I currently have two other 80-meter antennas, a dipole 
at 120 feet parallel to the array boom, and a full-size 
quarter-wavevertical with 12 radials. Neitherof thesean- 
tennasshould work well in thedirectionsfavored by the 
delta loop array. . . and they don't. On the other hand, 
the dipole is better to the Caribbean, South America, and 
Japan. While the loops do exhibit some rejection "off 
the side," it's not as much as the dipole exhibits off its 
ends. Overall, I'm quite pleased with theagreement be- 
tween the theoretical results and actual performance, 
especially considering that the terrain surrounding my 
antenna system is far from planar. 

bottom and corner feed 
My loopsarefed at the top. Full-wave loopscan be fed 

anywhere on the circumference with no appreciable 
change in the input impedance or in the freespace direc- 
tivity. However, the selection of the feedpoint has a 
potentially devastating effect over real ground. Two in- 
teresting alternative feedpoints are at the center of the 
horizontal bottom sideand at either of the two corners. 
Theelevation patternsfor these two cases, at3.8 MHz, 
are shown in fig. 8. The bottom-fed pattern is indistin- 
guishable from the top-fed pattern (the dashed curve) 
and the peak gains are nearly the same: 8.80 dBi versus 
8.68 dBi, respectively. (This small difference may well 

fig. 9. Azimuth pattern at 3.8 MHz with corner feed. The 
pattern is skewed towards the side of the boom contain- 
ing the feedpoint. The dashed pattern is for top feed. 
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H F-MODEM 

The ST-8000 HF MODEM is a high-performance, fully adjustable modulatorldemodulator for use In 
high-frequency radio data systems. The HF Modem features fully a d j u s t a b l e  frequencies and baud 
rates, memories, diversity, regeneration, print squelch, CRT tuning indicator, and multiple AM or FM 
detectors. The bandwidths of the input filter, Mark filter, Space filters, and post-detection filters are 
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fig. 10. Elevation pattern at 3.8 MHz wi th  the array raised 
t o  145feet. Peak gain is 9.97 dBi at30.5 degrees and aver- 
age FIB is 1l.lOdB. Thedashed pattern is for boom at 115 
feet. 

be due to modeling errors that lead to small input imped- 
ance errorsand thusto peak gain errors. The corner-fed 
pattern, on the other hand, is clearly inferior in the back- 
ward direction; furthermore, the peak gain is dramati- 
cally reduced to 5.48 dBi. The corner-fed azimuth 
pattern (fig. 9) shows that the pattern isskewed and the 
side null is filled in on the side of the boom correspond- 
ing to the driven corner. 

The explanation for the inferior performance of the 
corner-fed arrangement issimple. The amplitude of the 
reflection coefficient for poor ground is much lower for 
vertical polarization than for horizontal polarization. 
Thus, the "gain" produced by ground reflection is 
smaller for vertically-polarized radiated fields. The cor- 
ner feed produces a substantial vertically-polarized com- 
ponent in the total field, whereas the top and bottom 
feeds produce entirely horizontal polarization, so the 
corner feed has less gain (see Appendix for additional 
discussion). 

increased height 
Another feasible modification to my delta loop array 

would be to raise the antenna. Since I guy my towersev- 
ery 30 feet, the next "natural" boom height above 115 
feet is 145feet. Figures 10and 11 showtheelevation and 
azimuth patterns at 3.8 MHz for this configuration. In- 
terestingly, while the depth of the rearward null is in- 
creased, the magnitude of the rearward lobe is also 
increased and theaveragef/bisalmost unchanged. The 
peakgain isquitea bit higher, up 1.29dB to9.97dBi, and 
the elevation angle at the peak is6 degrees lower, at 30.5 
degrees. The change in the angle is not too important, 
but the potential for increased gain, which is rather hard 
to come by, may be worth the challenge of construct- 
ing and maintaining a 150-foot tower. 

closer spacing 
I chose an unusually wide spacing for my array be- 

cause I guessed that the increase in radiation resistance 

. . .  . . . . . . . . '  

fig. 11. Azimuth pattern at 3.8 MHz w i th  the array raised 
t o  145 feet. The dashed pattern is for boom at 115feet. 

* 

. 

fig. 12. Elevation pattern at 3.8 MHz wi th  spacing reduced 
t o  32.4feet. Peak gain is8.70dB at 36.5degrees and aver- 
age FIB is 16.07 dB. The dashed pattern is for 46-foot 
spacing. 

fig. 13. Elevation pattern at3.8 MHz with both loops driven 
180 degrees out-of-phase. Peak gain is 7.05 dB at 33 
degrees. 
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fig. 14. Elevation pattern at 3.8 MHz for square loops with 
the same perimeter as the triangular loops. Peak gain is 
9.71 dBi at 31.5 degrees and average FIB is 16 52 dB The 
dashed pattern is for triangular loops 

fig. 15. Azimuth pattern at 3.8 MHz for square loops. The 
dashed pattern is for triangular loops. 

with increased spacing would partially offset the relative- 
ly lower value created by proximity to ground. Also, I ex- 
pected that the bandwidth would be somewhat better 
at the larger spacing. Because the array is parasitic rather 
than driven, performance isn't terribly sensitive to spac- 
ing. Although I haven't verified all of these conjectures, 
I did examine performance for spacing reduced from 46 
feetto32.4feetath/8(3.8 MHz). Theelevation pattern 
shown in fig. 12 has nearly the same peak gain (8.70ver- 
sus8.68dBi) at thesame elevation angle, but the back- 
ward pattern is significantly better. The input resistance 
drops 19 ohms while the input reactance increases 15 
ohms. 

both loops driven 
As mentioned earlier, I designed the remotely con- 

trolled switchesso that I could drive both loopstogeth- 
er if I chose to. The feedpoint boxes are identical, and 
installed facing each other, so paralleling the feedlines 
at the center of the boom results in exactly out-of-phase 
drives to the two loops (with the feedlines from boom 
center to loop apex being equal in length). 

A two-element array driven with 180-degree phase 
shift producesan end-fire pattern that's independent of 
spacing over a reasonable range near Xl8. The elevation 
pattern has a very deep null straight up, as seen in fig. 
13.1 thoughtthis null might produce good effectiveflb 
when listening to Europeans, assuming that signalsfrom 

1 Element Peak Gain Angle Average FIB 
Type IdBi) (degl (dB) 

dipole 9.26 28.5 6.92 

120° vee 8.54 31 .O 6.62 

90° vee 8.04 32.0 6.47 

fig. 16. Elevation patterns at 3.8 MHz for halfwave 
elements. 
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close-in W's would arrive at high elevation angles. How- 
ever, in practice I found that the pattern of the parasitic 
array (fig. 2) rejected local signals better than the driv- 
en array. 

The calculated peak gain for the driven array is 7.05 
dBi. This is significantly below the gain of the parasitic 
array. Furthermore, the input resistance is much lower, 
so that the effect of losses in the CW loading coils be- 
comes more significant (however, these coils aren't re- 
quired for a driven array). I found that signals from 
Europe were never better with the driven arrangement, 
and occasionally were noticeably worse (note that 1.5 
dB is generally not measurable except with laboratory 
instrumentation). I've abandoned this setup. 

L 

square loops 

fig. 17. Azimuth pattern at 3.8 MHz for dipole elements. 
Patternsfor inverted vee elements arevirtually thesame. 

The mechanical challenges inherent in constructing 
an array of square loops in place of delta loops are severe 
but not outrageous. According to G6XN6, we can't ex- 
pect that the change in the shape of the elements will 
yield any appreciable change in gain, but the pattern may 
be improved (i.e., theside lobes can be decreased) with 
increased mutual coupling. Changing to square loops 
with the top horizontal side at the same height as the 
apex of the delta loops raises the effective height, which 
will increase peak gain and decrease the elevation angle 
at the gain peak. 

These conclusionsare supported by the results. The 
peak gain for the elevation pattern shown in fig. 14 is 
9.71 dBi, about 1 dB higherthan thedelta looparray. The 
elevation angle at the peak is 5 degrees lower, at 31.5 

fig. 18 Elevation pattern at3.8MHzfora halfwavesloper 
plus 12Ofoot grounded tower. Peak gain is 1 56dBiat28.5 
degreesand average F/B is 11.12dB. Peak gain without the 
tower IS 0.81 dBi at 31 5 degrees. 

10 00 - 

fig. 19. Azimuth patternat3.8MHzfor halfwavesloper plus 
120 foot grounded tower. 

fig. 20. Elevation pattern at 3.8 MHz for sea water ground 
conditions. Peak gain is 10.47 dBi at 42.0 degrees and aver- 
age FIB is 11.25dB. The dashed pattern is for poor ground. 
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degrees. And the pattern isoutstanding; theaverageflb 
forthiscaseis 16.5dB! Theazimuth pattern isshown in 
fig. 15; this pattern is also excellent. 

half-wave elements 
Erecting closed one-wavelength loops on a guyed 

tower can bea major hassle when there are trees within 
shoutingdistanceof thetower. (Bytheway, I haveam- 
ple experimental evidence that shouting at trees in hope 
of convincing them to release captured wires is ineffec- - 
tive.) Because half-wave elements are much simpler to 
handle, I examined the performance of three two- 
element parasitic arrays with: 

horizontal half-wave elements at 115 feet; 
inverted-vee half-wave elementsfrom 11 5 feet, with 
120-degree apex angle; and 
inverted vee elements with 90-degree apex angle. 
Figure 16shows theelevation pattern chartsfor these 

three cases. There's a tendency for the pattern null to 
fill in as the apex angle decreases. However, even the 
horizontal dipolearravpattern is inferior to the delta loop . . 
pattern (fig.'2). It may be possible to "tune up" the pat- 
tern by changing the element spacing and the loading 
inductance for the reflector, but I haven't attempted this 
analysis. The azimuth pattern for the horizontal dipole 
case isgiven in fig. 17; the patterns forthe two inverted 
vee cases are almost the same. 

On the other hand, the peak gains are competitive 
with the delta loop array: 9.26, 8.54, and 8.04 dBi, 
respectively, versus8.68dBifor the loops. It appears that 
the inverted vee array with wires as flat as possible is a 
good substitute for the delta loops as far as gain is con- 
cerned. 

the half-wave sloper 
My previous 80-meter antenna system was a set of 

four half-waveslopers, slanting about30degreesfrom 
the vertical. Unfortunately, I had to dismantle this sys- 
tem before thedelta looparray wasoperational, so I have 
no on-the-air comparison of the delta loops versus the 
slopers. 

Figure 18illustratestheelevation pattern for asingle 
half-wave sloper (slanted 30 degrees from vertical), in 
the presence of a 120-foot tower grounded at its base. 
The backward rejection is rather good - theaverageflb 
is 11.1 dB. The corresponding azimuth pattern is includ- 
ed in fig. 19, even though it's unremarkable. 

Now for the bad news: the peak gain (at28.5degrees) 
isa paltry 1.56dBi. Compare thiswith asimple inverted 
veefrom 120feetwith 120-degreeapexangle, whichex- 
hibitsa peakgain of6.18dBiat31 degrees. Onceagain, 
the source of this inferior performance is polarization. 
The field in the plane containing thesloper and the tower 
is entirely vertically polarized, which is disastrous over 
poor ground (see Appendix). In fact, the peak gain of the 
sloper over poor ground is less than the same antenna 



in freespace (2.16dBi). One possible explanation might 
be that the proximity to ground distorts the nominally- 
sinusoidal current distribution on the sloper so badly that 
the directivity is degraded. However, examination of the 
NEC printout forthis caseshows that thecurrent issym- 
metrical about the feedpoint (the center) within a few 
percent in amplitudeand within 1 degree in phase. Thus, 
the degradation must be due to destructive interference 
between the (attenuated) reflected field and the direct 
field. 

Clearly, the sloper - like the corner-fed loop - is a 
poor choice for a transmitting antenna at sites with poor 
ground characteristics. I'm planning to reinstall one of 
my slopers to verify whether or not this computed 7-dB 
disadvantage appears in practice. 

performance over good ground 
I've disparaged the performance of vertically- 

polarized antennas over poor ground, but the fact is that 
poor ground degrades the performance of any type of 
antenna for 80 meters at other than grazing angles. 
Figures 20 and 21 show the radiation patterns for my 
delta loop array when moved to an island surrounded by 
salt water. The pattern nulls are filled in somewhat and 
the elevation angle for peak gain is increased to 42 
degrees. However, the peak gain is considerably in- 
creased, by nearly 2 dB, to 10.47 dBi. This figure prob- 
ably represents the maximum gain achievable with a 
two-element array of delta loops at 115 feet. 

summary 
I've presented polar plots, gains, and average f / b data 

for a number of 80-meter antennas. Table 1 collects all 
of the results in one place and includes the input im- 
pedances computed by NEC. These latter data are not 
reliable because I did not follow the procedures needed 
to confirm that enough segments were provided to as- 
sure that this calculation had "converged" to the true 
value. However, all cases were run with comparable seg- 
ment lengths, so the trends in impedance should be 
representative of the true behavior. 

The significant column in table 3 is the peak gain; it's 
possible that the average f / b  for any of the variations 
could be tweaked somewhat by modifyiing the reflec- 
tor's resonant frequency and the element spacing. 

The primary conclusions of thisstudy of 80-meter an- 
tennas over poor ground are: 

The delta loop array providesenough gain to be worth 
the effort, along with truly useful f / b  ratios, even 
though the boom height is too low by conventional 
wisdom. 
Raising the boom 30 feet would add about 1.3 dB of 
gain at a slightly lower elevation angle. 
Changing from delta loops to square loops would in- 
crease gain about 1.0 dB and would improve the 
pattern. 

fig. 21. Azimuth pattern at3.8 MHzand36degreeelevation 
angle for salt water ground. The dashed pattern is for poor 
ground. 

fig. 23. Reflected field intensity amplitudeversusangle of 
incidence for horizontal (solid curve) and vertical (dashed 
curve) polarization with good ground itp = 80 and 6 = 5 
S lm)  The solid curve nearly coincides with the 0 dB arc 
at all angles. 

fig. 22. Reflected field intensity amplitude versus angleof 
incidence for horizontal (solid curve) and vertical (dashed 
curve) polarization with poor ground (cp = 4 and 6 = 0.001 
S lm) .  
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Table 3. Summary  o f  An tenna Cases. 

Descr ipt ion Peak Elevation Average I npu t  
Gain Ang le  f l b  lmpedence 

(dBi)  (deg) (dB) lohms)  

GO Delta Loop Array 8.68 36.5 11.5 69.2 115.3 
GO at 3.5 MHz 8.28 36.5 7.1 37.0 151.3 
GO bottom fed 8.80 36.0 11.5 129.2 123.6 
GO corner fed 5.48 33.0 7.8 71.4 157.3 
GO 30' higher 9.97 30.5 11.1 80.1 112.0 
GO on 32.4' boom 8.70 36.5 16.1 50.2 10.0 
GO over salt water 10.47 42.0 11.3 55.5 111.5 
GO with square loops 9.71 31.5 16.5 119.5 t 141.0 
GO with both driven 7.05 33.0 0.0 25.2 144.3 
Two dipoles 9.26 28.5 6.9 78.2 t 120.1 
120 deg Inverted vees 8.54 31.0 6.6 64.6 + 15.2 
90 deg Inverted vees 8.04 32.0 6.5 45.8 121.3 
Sloper & tower 1.56 28.5 11.1 103.1 + 122.3 

Moving the feedpoint to the bottom center would haveessent ial ly noef fect ;  rnov- 
ing it to a co rner  would be disastrous. 

Shor ten ing  the boom to A18 would l o w e r  the radiat ion resistance a n d  improve 
the pa t te rn  somewhat ,  but would not c h a n g e  the gain. 

Replac ing the loops  with dipoles or f la t  inverted vees would not a f fec t  ga in  ve ry  

much, but the pa t te rn  would be degraded.  

My ha l f -wave  sloper system s h o u l d  not h a v e  worked. 
I s h o u l d  ret i re to a n  is land off the coas t  of Ma ine .  
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appendix 
ground reflection a m p l i t u d e s  

The effects of real ground on  Amateur antenna installations have been reported many times, so 
I don't propose to reiterate those analyses. However. I did develop an unusual polar plot which helps 
in clarifying some of those effects. To understand the chart, a bit of prefatory explanation is needed. 

The presence of ground is modeled by constructing a reflected field that is vectorially summed 
with the direct field of the antenna. The reflected field from a given point on the ground is prop or^ 

tional to the field incident from the antenna: the proportionality constant is called the reflection coef. 
ficient. The reflection coefficient depends on polar~zation of the incident wave and on !tie angle of 
inc~dence, as well as the characteristics of the ground lwhich depend on frequency). This rather 
complicated modeling problem is simplified somewhat by decomposing !he incidenl field into horizonlal 
(parallel t o  the ground) and vertical (in a plane normal to the ground) components and applying separate 
horizontal and vertical reflection coefficients. Expressions for these coefficients are given in many 
texts: for example. Chapter 4 of Ma's Tlleory and  Applicatior? o f  Arrfer~rla Arrays.' 

The two reflection coefficients are complex numbers; that is, the reflected field components are 
modified in both amplitude and phase. The effect of phase shifts is a modificatton of the positions 
of peaks and nulls in the final pattern, which is developed by constructive and destructive recombina 
lions of the incident and reflected fields. The effect of  amplitude motl i f~cation is t o  change the 
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guaranteed + I 

savings plan. 

Fluke70 Series Analog/Digital multi- 
meters are like money in the bank. Buy 
one, and you're guaranteed to save both time 
and money. 

Money, because you get longer battery life 
and longer warranty coverage - 3 years vs. 
1 year or less on others. 

And time, because 70 Series meters are 
easier to operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 
sticker price. And take a closer lookat the new 
low-priced $79 Fluke 73, the $99 Fluke 75, and 
the deluxe $139 Fluke 77. In the long run, they'll 
cost less, and give higher performance, too. 

And that, you can bank on. 
For a free brochure, and your nearest distrib- 

utor, call toll-freel-800-227-3800, ed. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 
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APPLICATIONS: Coldlz=ss portnble TV camrra lor i.li:r,s 8 c1tnc.r pul,lli b<.rvlr e 
rut~nls,  remote VCR, etc Remot? control 01 RJC. n,rDl.!nva or rolmta Shnw home 
vdeo tapes computer programs, repeat SSTV to local ATVers O x  dr,pc,nds nn 
antennas and rerraln Iyp 1 lo 40 miles . FUU COLOR VIDEO 6 SOUND on one small 3 25x4" board. 
RUNS ON EXTERNAL 13.8 VDC a1 300 ma suDply or batlely . TUNED WITH ONE CRYSTAL on 426 25.434 0. or 43925 mHz . 2 AUDIO INPUTS far a low Z dynnmtc and ltne level audto mput found 10 morl 
portable color cameras VCRs or home Computers 

APPLICATION NOTES 8 schernat~c supplled lot lypcal  exlernal connrct!nns 
Mrkaolno and svslrm aoeratoon - * "  

PRICE ONLY $150 del~vered vra UPS surtace cn the USA Technlctan ria..?, 
ilnlateur lhcense OI hgher requored far purchase and owrallon 

WHAT IS REOUIRED FORACOMPLETE OPERATING SYSTEM? A TV sel wrth n 
TVC-ZorTVC.4 420-450 mH2 10channcl3downconuertrr. 70cm;lnt?nnsnndco:,r 
cable to recetve Package up the KPA5. add 12 lo I 4  vdc, antenna. and anv  1V 
camera. VCR, or computer weth a composite vldco oulpul Simple eh? 

CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more lnlo nn alv 
downconverters anlennas cameras etc or who 1s on In your area 

TERMS Visa Mastercard or cash only UPS COO by IeleDhone or mall Tele~horle 
Orders8 postal MO usually shloped wtthln2 days allother checksmust Clear belore 
sh~vmenl Transmlttang equtpment sold only lo  Itcpnsed amateur-, vrr l l led ~n 1984 
Callhwk Calll onclud? sales tax 

(81 8) 447-4565 m-f 8am-6pm pst. 

P.C. ELECTRONICS 2522 Paxson  L a n e  
Tom W6ORG Maryann WBBYSS Arcad ia  C A  91 006 

levels of the peaks and nulls. For example, if the reflected wave 
amplitude is one-half of the incident wave, the combined field will 
have peaks no greater than 1.5 times the amplitude of the original 
field f t 3.52 dB). The maximum combined field with perfect reflec- 
tion is 2 times the original amplitude. or 6.02 dB. so 2.50 dB of 
"potential" gain has been lost. 

The horizontal and vertical reflection coefficients are rather messy 
functions of angle of incidence, dielectric constant, conductivity. 
and frequency. To illustrate the behavior of these parameters a1 3.8 
MHz. I've plotted the reflection amplitude versus angle of incidence 
in the same format I used for the elevation patterns. That IS, the 
radial coordinate represents the amplitude of the reflected radia 
tion intensity (power) relative to the incident radiation intensity, and 
the angular coordinate corresponds to the elevation angle for the 
incident field. Figure22 shows this chart for poor ground, with di- 
electric constant = 4 and conductivity = O.M)1 Slm. The solid curve 
is the amplitude for the horizontal reflect~on coefficient and the 
dashed curve is for the vertical reflection coefficient. Note that both 
are unitv (zero dB) for grazing anqle incidence, and both are equal 
for normal incidence. The very pronounced null in the vertical reflec~ 
tion coefficient amplitude shows graphically why vertical polariza- 
tion is inferior to horizontal polarization over poor ground, except 
at extremely low angles. (To be fair, it must be noted that at low 
antenna heights. vertical polarization is superlor even though the 
amplitude of the vertical coefficient is always less than that of the 
horizontal component. This is because the phase shift for the hori- 
zontal polarization guarantees destructive recombination, whereas 
the recombination for vertical polarization is constructive in the region 
atlove the null.1 

This situation changes dramatically over good ground. Figure 
23 shows the same chart for salt water, with dielectric constant equal 
to 80 and conductivity equal to 5 S J  m. Both coefficients are essen. 
tially unity for all angles of incidence, except for the narrow null 
near grazing incidence for the vert~cal coefficient. The advantage 
of horizontal over vertical polarization does not occur in this  en^ 

vironment. ham radio 

1 MH 
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Model AC 1.8 - 30 SWR Max~mum 2 1, 1 4 1 Average 
Handles 1 KW input iCAS 
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ASTRON 
CORPORATION 

INSIDE VIEW - RS12A 

M O D E L  RS5OA 

RM-A Series 

MODEL RM.35A 

AS-A SERIES 

M O D E L  RS-7A 

RS-M SERIES 

M O D E L  R S 3 5 M  

VS-M SERIES 

M O D E L  VS-2OM 

RS-S SERIES 

M O D E L  RS-12s 

9 Autry Canadian Distributor: 
Eastcom Industries. Ltd. 

Irvine, CA 92718 430 Sionel nnvt! 
(7141 458-7277 ~ e s t o i  0nr Can 49L 2T6 

(416) 743 7801 

ASTRON POWER SUPPLIES 
HEAW DUTY HIGH QUALITY RUGGED RELIABLE 

RS ad VS SERIES 
SRCIAL FEATURES PERFORMANCE SPEClFlCATlONS 

SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Rofects Power Supply OUTPUT VOLTAGE 13 8 VDC * 0 05 whs 
fmn excessive currenl& contlnuovs shorted output (Internally Adlustable 11-1 5 VDC) 

'CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full bad 
except RS-4A 6, low line) 
MAINTAIN REGULATION & LOW RIPPLE at low Hne 
input Voltage 
HEAW DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN U S A 

I 

MOOEL AS-SOM I - -  MODEL VS-SOM 
19" X 5 %  RACK MOUNT POWER SUPPLIES 

Continuous la' Siza (IN) *lPPin9 
M.d.1 Duty (AMPS) (AMPS) HXWXD Wt. (Ibs.) 

RM-35A 25 35 5 % 1 x  1 9 x 1 2 ' / >  38 

3 7  50 5 1 / s x 1 9 x 1 2 ' / ?  50 
lM4OA eparate Volt and Amp Meters 
RM-35M 25 3 5  5 ' A x 1 9 x 1 2 %  3 8  

RM.50M 3 7  50 5 1 / 4 x l 9 x 1 2 %  5 0  

Contlnuwr ICS' S l a  (IN) Shlpping 
MODEL Duly (Amps) IAmps) H x W X D  Wt (lbs) 
RS-4A 3 4 3 % x 6 % x 9  5 
RS- 7A 5 7 3% x6'/2 x 9  9 
RS-70 5 7 4 .  7'/, , 1 0 ~ ~  10 
RS-1OA 7.5 10 4 a 7 M x l O W  11 
RS-12A 9 12 4 % x 8 x 9  13 
RS-ZOA 16 20 5 ~ 9 ~ 1 0 %  ' 18 

Swnchable volt and Amp meter 

Contnuous ICS* Slze (IN) Shlpplng 
MODEL o w  (Amps) IAfnpr) H x W x D  Wt (Ibt) 
RS.12M 9 12 4 % x 8 x 9  13 
RS-2OM 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35M 25 35 5 x 1 1  x11  27 
RS-5OM 37 50 6 x l 3 % x l l  46 

Separate Volt and Amp Meters 
Output Voltage adjustable trom 2-15 volts 
Current limit adiustable trom 1.5 amps to Full Load 

Contlnuour Duty ICS* 
(Amps) (Amps) SIZE (IN) Shlpplng 

MODEL @isrmcatimsm @13.8V H x W x D  Wt (lbs) 
VS-20M 16 9 4 20 S x 9 x l O M  20 

Built In speaker 

Continous ICS' Size (IN) Shlpplnp 
MODEL Duly (Amps) Amps H x W x D  Wl (Ibs) 
RS.7S 5 7 4 x 7 % x  10% 10 
RS.1OS 7.5 10 4 x 7 % ~  10% 12 
RS-lOL(For LTR) 7.5 10 4 . 9 . 1 3  13 
RS-12s 9 12 4 K x 8 x 9  13 
RS-20s 16 20 5 x 9 x l O ' h  18 



NE5205 wideband RF amplifier 

Inexpensive IC 

functions as 
small-sig nal amplifier 

to 600 MHz 
Simple, inexpensive, wideband RF amplifiers are 
always much-needed items when experimenting in RF 
and constructing RF projects. Because each project 
has its various unique requirements that must be satis- 
fied - minimum cost, low operating current, maxi- 
mum bandwidth, and high output power, for exam- 
ple - one can never have too many different 
configurations from which to choose. But the ideal 
amplifier that satisfies all potential needs has yet to 
be invented; consequently, a different approach or 
new design is always welcome. 

This brief article describes the construction of a rela- 
tively high-performance RF amplifier that uses a Sig- 
netics NE5205 wideband RF amplifier. The NE5205' 
is an integrated wideband RF amplifier that serves as 
an excellent general-purpose RF gain block for appli- 
cations from a few Hertz to above 600 MHz. I t  pro- 
vides a non-inverting 20-dB gain and, although not an 
LNA, its typical 6-dB noise figure (50-ohm input) is 
quite good and should be adequate for many RF 
projects. 

The NE5205 is available in either a TO-46 metal pack- 
age or an eight-pin small-outline (SO) package. 
Although samples were distributed in the conventional 
eight-pin mini DIP ("N" package), that package isn't 
shown in the NE5205 literature and doesn't appear to 
be available from distributor stock. 

The SO package is a very inexpensive plastic unit 
with the same operating characteristics as the TO-46. 
A minor problem with the SO package, however, is 
size; it's about one-twentieth the volume of the more 

common eight-pin mini DIP. The leads, on 0.05-inch 
centers and bent at the ends in the form of small feet, 
are much too short to go through even a thin PC 
board. This is a surface-mount device (SMD) designed 

I to  be mounted on the trace side of the PC board or 
1 other substrate. The package is small, but it isn't dif- 

ficult to handle; you will, however, have to be quite 
careful and you may have to buy a small tip for your 
soldering iron. 

NE5205 features 
The functional schematic for the NE5205, shown in 

fig. 1, is considerably more complex than typical inte- 
grated wideband RF amplifier gain blocks. The small 
die size, offering low propagation delays and low para- 
sitic elements, in part give this component its good 
operational characteristics. A particularly useful fea- 
ture is the use of several different feedback loops to 
stabilize the gain and operating point and provide good 
input and output impedance matching. While this is 
too lengthy a topic to be covered here, the NE5205 
data sheet provides complete details.' 

Don't try to build the circuit shown in fig. 1 from 
discrete components; such a construction might work 
to a few tens of megahertz, but in general its perfor- 
mance will be very poor at best. The success of this 
circuit design depends as much on the small die size 
and integrated construction as on the actual circuit 
configuration. In any event, it's much less expensive 
to use the NE5205 than to build a discrete version. 

In a minimum basic circuit, the NE5205 needs only 
three external components: input and output coup- 
ling capacitors and a supply bypass capacitor. Adding 
a few inexpensive components, however, results in a 
more versatile amplifier with much better tolerance for 
the abuse of experimenting than a minimum parts- 
count amplifier would offer. 

By Michael E. Gruchalla, 4816 Palo Duro NE, 
Albuquerque, New Mexico 871 10 
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amplifier circuit 

vcc 

v 

Figure 2 shows the schematic of the complete 
amplifier. The input diode, CRI, prevents reverse-bias 
damage to the input transistor of the NE5205. The 
input can generally tolerate short pulses of high for- 
ward bias since the input transistor is simply forward- 
biased. However, even short pulses of reverse (nega- 
tive) input bias as low as a few volts will avalanche 
the input emitter-base junction, totally destroying the 
part or seriously degrading its noise performance. 
When CR1 is included, it will conduct with a reverse 
input drive of about 1.4 volts, limiting the input level 
to the NE5205 to a safe value. This diode is reverse- 
biased at about 1 volt by the input potential of the 
NE5205. Since the maximum usable input of the 
NE5205 is about 80 mV peak ( - -  12 dBm), the 1-volt 
reverse bias of CR1 prevents its conduction with nor- 
mal signals and helps reduce the diode capacitance 
to minimize loading of the input. CR1 is a Schottky 
diode with a faster response speed than the NE5205 
and it has minimum capacitance. If you can't find the 
1 N5711 device specified for CRI, a 1 N4148 or 1 N914 

R 1 

will work reasonably well; the high-frequency cutoff 
may be reduced, however. CR1 may simply be omit- 
ted, but the finished amplifier will then be quite sensi- 
tive to input damage. 

Resistors R1, R2, and R3 form a Pi pad to allow a 
little adjustment of the amplifier gain and input imped- 
ance. They also provide some additional input protec- 
tion. Similarly, R4, R5, and R6 form an output pad for 
gain and output impedance adjustment. These two 
pads may be omitted for maximum gain, but I find that 
keeping about a 0.5-dB pad at each place provides bet- 
ter stability in general applications. The resistors should 
be a high-quality carbon composition type. Low-noise 
carbon film or metal film may be used if their high- 
frequency performance is adequate. 

The coupling capacitors, C1 and C2, must be dipped 
tantalums to minimize the physical size and provide 
good high-frequency performance. Don't try to use 
aluminum electrolytics; if you do, you're likely to end 
up with an oscillator. Capacitors C3 and C4 are sup- 
ply bypass capacitors. High-frequency bypassing is 
provided by C3, with C4 providing low-frequency 

R2 
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fig. 1. NE5205 functional diagram.' 
(Copyright 1985, Signetics Corporation used with permission.) 



BAND KIT WIRED - - - 
6 M , 2 M , 2 2 0  $630 $880 

4 4 0  $ 7 3 0  $980 

(Also avallable for commer- 
cial bands) 

FEATURES: -______21 

SENSITIVITY SECONDTO NONE; O.l5uV(VHF), 0.2 uV(UHF)TYP. 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
&CERAMICFILTERFOR > 100dBAT * 12KHZ.HELlCALRESON- 
ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS. SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 
CLEAN, EASY TUNETRANSMITTER; UPTO20 WATTSOUT(UPT0 
50W WITH OF'TIONAL PA). 

resonator front end for exceptional selectivity, 
z lOOdBat + 12kHz, bestavailabletoday.Flut- 
ter-proof squelch. AFC tracks drifting xmtrs. 
Xtal oven avail. Kit only $138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end,0.3 uVsens. Kit only $138. 
R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but wlo AFCor hel. res. Kits only $118. Alsoavail w14polefilter, only$981kit. 
R l l O  VHF AM RECEIVER kit for VHF aircraft 
or ham bands or S ~ a c e  Shuttle. OnlyS98. aria 
T A 5 1  VHF FM EXCITER for 10M, 6M, 
2M. or 220 MHz. 2 Watts continuous, 
up to 3 W  intermittent. Kit only $68 

T A 4 5 1  UHF RM EXCITER 2 W  cont., up to 
~ntermittent. K~ts only $68. Xtal oven avall. 
VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
from 10 to 45 Watts to go with exciters & xmtg converters. Several models. 
KitsfromS78. 

NOW-FCC TYCI  AiOQbCT6D TRANSMltlERS, RECEIVERS, AND 
I I I P W ~ ~  A v I U A P S P ~ ~ A N D  UNF. CALL FOR DETAILS. 

Modelstocoverevery practical r i  8 if range to listen toSSB, 
FM,AN.etc.NF=2dBorless. 

Antenna R.cr(ver 
InpuIRaw O u W  

28-32 144-148 
50-52 28-30 
50-54 144-148 

144-146 28-30 
145-147 28-30 

144-144.4 27-27.4 
146-148 28-30 

VHF MODELS 220-222 28-30 
220-224 144-148 

Kit with Case $49 222-226 144-148 

Less Case $39 220-224 50-54 
222-224 28-30 

Wired $69 902.928 422-448 

I UHFMODELS 432.434 28-30 

Kit with Case $59 435-437 28-30 

$49 432-438 144-148 

439.25 61.25 

I SCANNER CONVERTERSCopy WMHzbandon any scan. 

Hamtronics Breaks 
the Price Barrier! 

* 
No Need to Pay $80 to $125 

for a GaAs FET Preamp. 

FEATURES: 
Very Low Nose: 0.7dB VHF, 0.8dB UHF 
High Gain: 13to20dB, Dependingon Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Dual-gate GaAsFET, Very Stable 

MODEL 

LNG-28 
LNG50 
LNG-144 
LNG-160 
LNG-220 
LNG-432 
LNG-800 

TUNES RANGE 

26-30 MHz 
46.56 MHz 

137-150 MHz 
150-172 MHz 
210-230 MHz 
400-470 MHz 
800-960 MHz 

GaAsFET Preamps with fea- 
tures similar to LNG, ex. 

cept designed for LOW 
COST and SMALL 
SIZE: only 518"W x 

1-518L x 314H. Easily 
ounts inside many 

Model LNW-( * ) . . . . . Only $lS/klt, $34wlred 

Models available to tune the following bands: 
25-35, 35-55, 55-90, 90-120, 120-150, 
150-200.200-270. and 400-500 MHz. 

*Specify band 

- ,  line dur- 
ing transmit. Use with baseor mobile 
transceivers up to 25W. Tower mtg hdwr incl. 

MODEL TUNESRANGE KIT WIRED 
For SSB, CW, A T ' ,  FM, etc. Why pay big bucks for a muiti 
mode rig for each band?Can be linked with receiveconvert- 
ersfortransceive.2 Wattsoutput vhf, 1 Watt uhf. 

Exciter Antenna 

For VHF, Input Range Output 

Model XV2 2830 144-148 
28-29 145-146 

Kit $79 28-30 50-52 
27-27.4 144-144.4 

Wired $149 28-30 220-222. 

(Specify band) 220-224 
50-52 

144-148 28-30 

For UHF, 28-30 432.~4 

Model XV4 28-30 435-437 
61.25 439.25 

K i t  $79 144-148 432-136' 

Wired $139 ' ~ d d  Wfor2M ~nput 

VHF & UHF LINEAR AMPLIFIERS. Use with above. 
Power levels from 10 to 45 Watts. Several models, 
kits from $78. 

L o w - n o i s e  preamps with 
helical r e s o n a t o r s  r e -  

duce intermod and 
c r o s s - b a n d  i n t e r f e r e n c e  

in critical a p p l i c a t i o n s .  

1 2 d B g a i n .  

MODEL TUNING RANGE PRICE - 
HRA-144 143-150MHz $49 
HRA-(*) 150-174MHz $49 
HRA-220 213-233MHz $49 
HRA-432 420-450MHz $64 
HRA-( * ) 450-470 MHz $64 
*Specify Center frequency desired 

NEW 
GaAsFET Pre- 
amp with fea- 
tures like LNG. 
Automatlcallv 

MO.202 FSK DATA M O D U L ~ ~ O R .  Run up to 
1200 baud digital or packet radio signals 
through any FM transmitter. 
DE-202 FSK DATA DEMODULATOR 
COR-2 KIT With audio mixer, local speaker 
amplifier, tail &I time-out timers. 
COR.3 KIT with "courtesy" beep". 
DTMF DECODERICONTROLLER KITS 
AUTOPATCH KITS. Provlde repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control. 
cwln KITS SIMPLEX AUTOPATCH 



Ercept as indlcatsd, decimal 
valves of capacllanca are in micro. 
tarads (uF): others are In picohr. 
ads (PF): rerlrtsncss are in ohms. 
k = 7,Om M = I.OOO,OW 

C I 
IOPF 

INPUT OUTPUT 

fig. 2. Amplifier schematic diagram. 

bypassing. The ferrite bead, FBI, prevents the lead 
inductance of C4 from forming a parallel resonance 
with C3. Here the bead is acting like a very lossy induc- 
tance that totally destroys the Q of the C3/C4 reso- 
nant circuit. Without the bead, the parallel resonant 
network formed by C3 and the leads of C4 will cause 
the effective power supply impedance to be high at 
the resonant frequency. This can cause an artifact in 
the frequency response and in some cases can cause 
instability (oscillation) due to coupling into the ampli- 
fier's internal circuitry through the power supply paths. 

Resistor R7 helps to decouple high frequencies from 
the power supply pin, improving stability with cas- 
caded amplifiers. With its associated components, 
regulator U2 protects the amplifier from over-voltage 
damage and stabilizes operation with unregulated sup- 
plies. It too may be omitted if a good 5- to 8-volt regu- 
lated supply is available, but it's generally more con- 
venient to provide regulation as part of the basic 
amplifier design. 

Diode CR2 protects the amplifer from the applica- 
tion of a reversed power supply voltage, probably one 
of the more common types of damage to experimen- 
tal circuits. The power input filter FLI prevents noise 
from coupling into the amplifier from the power sup- 
ply leads. Bead FB2 on the filter lead provides a little 
additional filtering of the power supply input. 

choosing the correct PC board 
material 

The 3 : l  artwork for the amplifier is shown in fig. 
3. This layout is tailored for installation in the enclosure 
discussed later; if you choose to use a different 
enclosure, you'll have to make some alterations to the 
mounting details, but don't change the basic circuitry 
unless you're experienced in RF PC board layout. 

This board was designed for surface-mounting of 
all components even though only the SO-package 
NE5205 is a true surface-mount part. The PC board 
should be constructed of 1132-inch, 2-ounce double- 

clad epoxy-glass material. Standard PC board doesn't 
make a good substrate for surface mounting because 
the pads will pull off easily, particularly during solder- 
ing. However, if you're careful, you can achieve quite 
adequate results. The only component holes neces- 
sary are those that tie to the ground plane. Since there 
are no component holes other than those grounded, 
there's no need to clear the ground plane from any 
of the component leads on the ground-plane side of 
the board. Only single-sided PC board construction is 
then required. A full ground plane is needed on the 
nontrace side, but no etching is required on the ground 
plane. This makes the board a bit easier to duplicate 
and consequently a little less expensive if you have 
it fabricated. 

Though it's easier to have the PC board fabricated, 
it's actually simple enough to make using a cut-and- 
peel technique. A small hobby knife can be used to 

Box Pomona 3751 or similar (Newark Electronics No. 
34F1260/$18.501 

C1, CZ Capacitor, 10 rF/25V dipped tantalum - 
C4, C5 Sprague 196D or similar 
C3 Capacitor, llW0 pF CK05 or disc 
C6 Capecitor, 10 rN35V dipped tantelum - Sprague 196D or 

similar 
CR1 Schottky diode, IN5711 lmay substitute IN914 or IN4148 i f  

the IN5711 cannot be obtained/ 
CR2 Rectifier diode, IN4001 or equivalent 
FB1.2 Ferrite bead IAmidon FB-43-101 or equivalent) 
FL1 Filter, Erie 1250-a03 or equivalent (Newark Electronics NO. 

lOF8145/$3.13/ 
PCB PC Board, per f i g .  3 
R 1, R3, R4, 
R6 Resistor, 2 k, RC07 carbon composition - Allen Bradley or 

equivalent 
R2, R5 Resistor, 2.7 ohm, RC07 carbon composition - Allen Brad- 

ley or equivalent 
R7 Resistor, 10 ohms, RC07 carbon composition - Allen Brad- 

ley or equivalent 
R8 Resistor, 680 ohms, RC07 
R9 Resistor, 3.6 kilohms, RC07 
U2 Regulator, LM317LZ 
Terminal Ground Terminal, INewerk Electronics No. 

4OF6aT6/$15.&l/lW each) 
01  RF amplifier, Signetics Electronics, NE5205D 

Note: Jameco Electronics carries many of the above items and can 
supply most of the components (except the PC board) on an "After 
Receipt of Order" basis subject to their line-item and invoice mini- 
mums and distributor availability. 

A complete kit for this project is available from Radiokit, Box 411H. 
Greenville. New Hampshire 0 3 W  Contact Radiokit for details. 
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Electrical Mechanical 
Band Width ............ .1260-1300 MHz Beam Length .................... .12'4" 

.................... Gain.. ............................ 18.2 Element Length 4.5" 
......................... VSWR ............... Better than 1.5 to 1 Mast. 2" O.D. 

Feed Imp.. ................... .50 Ohms Windload ...................... I sq. ft. 
Balun ................... .4:1 Rigid Coax 

Mirage Communications Equipment, Inc 
KO. Box 1000 

v 119 Morgan Hal, CA 95037 
(408) 779-7363 
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fig. 4. Component lead forming details for surface 
mounting 

cut the trace outline through the cladding on one side 
of a precut piece of double-clad, PC board and a 
needle-nose or heavy tweezer used to peel the 
unwanted cladding from the board. While peeling, use 
a soldering iron to soften the adhesive and heat the 
cladding to be removed. 

PC board assembly 
As I indicated earlier, the only component of this 

circuit designed to be surface mounted is the NE5205. 
The leads of the other components must therefore be 
bent to allow them to be mounted. Figure 4 shows 
how to bend the leads of the various components so 
that they can be mounted. Try to follow this lead dress 
carefully since lead length is reasonably critical 
because of the high maximum frequencies of opera- 
tion of this amplifier. 

Although assembly of the PC board is straightfor- 
ward, some care is necessary because of the tight 
packing of the components. You'll need a soldering 
iron with a 1116th-inch tip to prevent solder from 
bridging between pads. Also, be very careful when 
mounting the five capacitors and the regulator. These 
are large components and their pads can be lifted very 
easily from the board when soldering. Both during and 
after mounting these components, take care not to 
bend them out of position; this would put considera- 
ble stress on the mounting pad and could cause the 

0 

Q PIN  I -UPPER LEFT CORNER 0 
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P. C. BOARD 

ORILL 1 1 4 " ( 6 . 4 m m )  4 PLACES 
BEFORE TRIMMINO TO S I Z E  

DRILL 1 8  ~ 0 . 6 8  OROUNO-PLANE HOLES 
BEFORE ASSEMBLY 

fig. 5. Amplifier assembly drawing. 
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Table 1. Component mounting sequence. 

1. NE5205 Pin 1 is at the Signetics "S". 
2. C3 Above the NE5205, solder ground plane. 
3. C4 O b s e ~ e  polarity, remember the bead. 

solder ground plane. 
4. R3 Solder ground plane. 
5. R4 Solder ground plane. 
6. CRl Observe polarity, solder ground plane. 
7. C1 Observe polarity. 
8. C2 Observe polarity. 
9. R1 Solder ground plane. 

10. R6 Solder ground plane. 
11. R2 
12. R5 
13. R7 
14. R8 . 15. R9 Solder ground plane. 
16. REG1 Observe mounting orientation. 
17. C5 Observe polarity, solder ground plane. 
18. C6 Observe polarity, solder ground plane. 
19. CR2 Observe polarity, leave anode lead full length. 

pad to become separated, particularly after soldering. 
When soldering to the ground plane, keep the solder 
buildup to a minimum, since there's very little space 
under the board in the enclosure. 

Figure 5 shows the assembly drawing of the PC 
board. Because it's probably the most difficult of the 
board components to mount - and because it will be 
partly covered by other components - mount the 
NE5205 first. The pin next to the "S" in Signetics is 
pin 1. The other components must be mounted in the 
order shown in table 1 because of the tight packing. 
After mounting the amplifier, mount C3 over the top 
of the amplifier with its leads straddling the NE5205. 
Then mount the remaining components in the order 
shown in table 1, noting the associated comments. 

When all the components have been mounted, bend 
four pieces of the resistor leads that were cut off dur- 
ing assembly into a "U" shape as shown in fig. 4 and 
insert them &om the ground plane side into the four 
pairs of holes at the corners of the board and solder 
them to the ground-plane side of the board. Make sure 
that the portion of each of these leads that's on the 
ground-plane side of the board is flush against the 
ground plane. They will be used to ground the board 
and hold it in the box. Finally, solder pieces of cut-off 
resistor leads to the input and output pads (again, 
bend as shown in fig. 4). 

After the board is assembled, clean it in isopropyl 
alcohol; a 91 percent solution - probably available 
from your local drug store - works best. Don't use 
denatured ethanol because the denaturing agent isn't 
known. I prefer alcohol to trichloroethane for PC board 
cleaning because it presents no known health hazard. 
But it is flammable, so take appropriate precautions. 

Figure 6 shows the assembled PC board before 
mounting in the enclosure. 

fig. 6. Assembled PC board. 

112 7 h m J  

o 2 5 ' ~ 6 4 m m ~  
TAP NO 8-ae 

D R I L L  NO 43. 
TAP NO 4 - 4 0  

BOX H O O l F l C A T l O N  

I 

CUT SOLDER I 

CONNECTOR M O U N T I N B  SCREW 
M O D I F I C A T I O N  M O D l F l C A T I O N  

fig. 7. Box and connector modifications. 

enclosure modifications 
Enclosures for small RF projects are always a prob- 

lem. The one I used for this amplifier was a small die- 
cast chassis box. This is a reasonably convenient 
enclosure; only two additional holes must be added 
for the power entry filter and the ground terminal. Fig- 
ure 7 shows the details of the modifications to the box, 
the two RF  connectors, and the mounting screws. A 
word of caution here: don't try to cut the screws with 
a pair of diagonal cutters; the screws are very hard 
and trying to cut them will damage the cutters. The 
tips of the screws will break off easily enough if you 
use a pair of pliers to hold the tip while you bend the 
screw body with your fingers. Carefully lay out the 
holes using a precision scale and scribe. Center-punch 
the hole positions before drilling to prevent the drill 
from "walking." Tap the holes carefully; the tap is very 
brittle and will break with only slight side pressure. 
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fig. 8. Completed amplifier assembly, A1 Internal view. Bl 
with cover on. 

While tapping, use plenty of oil on the tap to prevent 
binding. Every turn or two, back the tap out to clear 
the chips. This will also help prevent binding. 

final assembly 
Now for the final task of putting it all together. With 

the connectors and power filter removed from the box, 
place the assembled PC board into the box, compo- 
nent side up and oriented so that the regulator is at 
the side of the box with the power entry filter. Loosely 
mount the input and output connectors, using only 
the upper two holes and the two short screws provided 
with the enclosure. As you place the connectors on 
the enclosure, be sure that the input and output con- 
necting leads fit inside the connector holes. Now insert 
the longer screws into the bottom holes and make sure 
that they're on the component side of the PC board 
and between the pairs of leads coming up from the 
ground plane. Tighten all the screws. Now, bend the 
pairs of leads near each lower screw over the screw, 
laying them in the relief at the end of the screw. Sol- 
der all four screws to the wires and PC board. You'll 
need a larger soldering iron than you used for the 
board assembly to get enough heat for a good solder 
joint. Make sure that the tip of each screw has a good 
solder bead to the PC board; the PC board is grounded 
to the box only at these four places. Try to avoid get- 

ting solder in the screw threads so that the screws can 
be removed if you have to remove the board for repair 
later on. Solder the input and output leads to the con- 
nectors. Mount the ground terminal and power entry 
filter. If you cannot find a ground terminal, use a 4-40 
brass screw about 1 I 2  inch long. Place a nut on the 
screw and screw it into the box until it's just penetrat- 
ing the inside by a thread or two. Then tighten the 
nut down against the box to lock the screw in place. 
Place the bead, FB2, over the filter lead and attach 
the lead of CR2 to the power filter. Hold the body of 
CR2 with needle-nose pliers while bending its lead to 
prevent stressing its PC board mounting pad. Trim off 
the excess filter and diode lead. 

Do a final cleaning by filling the assembled box with 
alcohol and letting it sit for a few minutes. Place your 
hand over the open top and shake the unit to stir the 
alcohol. Pour it out. Rinse with a little more alcohol 
and pour that out. Let the alcohol evaporate for a few 
minutes and then fasten the cover. 

fig. 9. Amplifier frequency response 

fig. 10. Input IS111 and output IS221 S-parameters. 
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Figure 8A shows the completed amplifier assem- 
bly with the cover removed; fig. 86 shows the com- 
pleted assembly. 

p e r f o r m a n c e  
Now for the proof test: how well does the amplifier 

work? If you followed the assembly instructions care- 
fully, it should work rather well. Figure 9 shows the 
frequency response of the unit that I built. The gain 
was 20 dB with a lower 3-dB point of 270 Hz and an 
upper of 608 MHz with usable gain to beyond 1.2 GHz. 
The bandpass flatness in the bandpass was better than 
_+ 0.5 dB. The wideband noise figure was about 5 dB 
- not an LNA but certainly quite good. The output 
power at the I-dB compression point at 100 MHz was 
+6.7 dBm, and the compression was reasonably con- 
stant with frequency up to about 600 MHz (the upper 
3-dB cutoff frequency). The total supply current was 
about 35 mA and the minimum operating potential 
about 10 V. Figure 10 shows the S-parameters S11 
and S22 for the completed unit. These parameters are 
a ratio of the forward and reflected power at a given 
port. In fig. 10 S l  I is below about - 20 dB up to about 
500 MHz. The S l  1 parameter in this measurement was 
made at the input port. The - 20 dB value shows that 
the power reflected back from the input is 20 dB below 
the power incident at the input port. That implies that 
the input impedance is reasonably close to the 50-ohm 
impedance of the test system; no power is reflected 
from a perfectly matched load. With a 20-dB return 

loss, the input impedance is within about 0.5 ohm of 
the characteristic 50-ohm impedance. S22 is the out- 
put port measurement. Up to about 500 MHz the 
reflected power from the output port is more than 
about 20 dB below the incident power at the output 
port. In this S22 measurement, power is actually 
applied to the output and the reflected power meas- 
ured. So the output impedance is also reasonably close 
to 50 ohms (within about 0.5 ohm). 

conclusion 
This amplifier, if carefully constructed, provides very 

good performance for general RF experiments and RF 
projects where a relatively low cost, stable, low-noise, 
wide-bandwidth gain block is needed. The characteris- 
tics of the NE5205 make it a good choice for this appli- 
cation and the recommended circuit design assures 
both RF and DC stability as well as protection from 
typical experimental abuse. The recommended pack- 
aging provides good RF shielding and isolation, assur- 
ing stable, noise-free operation in most common RF 
environments. It is also relatively easy to construct. 
This amplifier should be a very useful addition to your 
collection of general RF amplfier designs. 

references 
1. Signetics NE5205 data sheet, January, 1985, Signetics Corporation. 81 1 
East Arques Avenue, P.O. Box 3409, Sunnyvale, California 94088-3409. 
2. Newark Electronics, 277 Fairfield Road, Fairfield, New Jersey 07006. 
3. Amidon Associates. Incorporated, 12033 Otsego Street, North Hollywood, 
California 91607. 
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fig. 3. Inductive neutralization of cathode-plate feedback circuit. Resonant circuit is tuned 
to operating frequency. 

4-F 

+I+ 

I 
PLATE C I R C U I T  

m 

+ C N  

O e r  
fig. 4. Bridge neutralization of cathode-plate feedback circuit. 

minimum plate current don't coincide? 
You have some unwanted feedback in 
the amplifier. If the amplifier seemssta- 
ble, don't worry about it. 

the neutralizing circuit 
Voltage feedback through the in- 

terelectrode capacitances of the tube 
from output toinput can havea deleter- 
ious effect on amplifier performance un- 
der some circumstances. Control of this 
feedback is termed "neutralization." 
The purpose of neutralization is to make 
the input and output circuits of the am- 
plifier relatively independent of each 
other during operation. I t  sounds sim- 
ple, and it is. A balancing circuit (fig. 31, 
in which the capacitivefeedback path is 
neutralized by making the capacitance 

part ofa high-impedance, parallel-tuned 
circuit, is used. Another scheme takes 
a small portion of the RF plate voltage 
and feeds it back out-of-phase with the 
input voltage (fig. 4). When thevalue of 
the neutralizing capacitor CN isapprox- 
imately equal to the feedback capaci- 
tance of the tube, the circuit is balanced 
and will remain balanced over a con- 
siderable operating range of the am- 
plifier. 

VHF neutralization 
In the VHF region (above 30 MHz) a 

second feedback path must be consid- 
ered in amplifier operation. This path in- 
volves the grid-to-plate capacitance, 
the cathode-grid capacitance, and the 
grid lead inductance (f ig. 5). Because 

the grid isn't truly at ground, because of 
the inherent grid lead inductance and 
other factors, a voltage may appear on 
the grid which can either increase or 
decrease the driving voltage. With suffi- 
cient unwanted grid voltage of the pro- 
per phase, the cathode-driven stage 
may oscillate, even though the tube has 
been neutralized. 

There is, however, a certain frequen- 
cy at which the two feedback paths tend 
to be self-cancelling. Thisistermed the 
"self-neutralizing frequency" of the 
tube and is usually found in the lower 
portion of theVHF band. Thisfrequen- 
cy is determined by physical tube size 
and the internal length of the conduc- 
tors and elements within the tube. 

Below the self-neutralizing frequen- 
cy, the tube can be neutralized by the 
addition of a small inductance in the 
grid-to-ground path (fig. 6 ) .  Above this 
frequency, the tube can be neutralized 
by the addition of a series capacitance 
(fig. 7 ) .  Each of these neutralizing cir- 
cuits isfrequency-sensitive and the cir- 
cuit must be adjusted if an appreciable 
change in operating frequency is made. 

fig. 5. Voltage (egl developsacross inter- 
nal grid lead inductance which can in- 
crease or decrease driving voltage, eg. 

- 
-. 

fig. 6. Below self-neutralizing frequency 
of tube, series inductor shifts point of self 
neutralization to operating frequency. 
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fig. 7 .  Aboveself-neutralizing frequency 
of tube, series capacitor shifts point of 
self neutralization to  operating fre- 
quency. 

a docile beast 
In general, neutralization isn't re- 

quired in Amateur amplifiers using 
cathode-driven circuitry below30 MHz. 
The cathode-driven amplifier is a docile 
beast, with relatively low power gain 
when triode tubes are used and ampli- 
fier shielding is adequate. Amplifier in- 
stability at the operating frequency can 
often be cured by careful attention to 
feedback paths external to the amplifi- 
er (proper bypassing of primary power 
leads) and by ensuring that the exciter 
and amplifier are operating at the same 
ground potential. An extra-short, heavy 
ground strap between exciter and am- 
plifierwill often cure an unstable ampli- 
fier. 

amplifier parasitics 
Much has been written about ampli- 

fier parasitics. Some of it istrue. As I said 
before, the cathode-driven amplifier is 
docile, and parasitics, when they occur, 
are usually mild (amplifier efficiency 
when oscillating in a parasitic mode is 
very low) and commonly above the self- 
neutralizing frequency of the tube. 

A sure-fire cure for a parasitic is to 
load the circuit at the parasitic frequen- 
cy until theamplifier refusestooscillate. 
The tube lead common to all parasitic 
circuits is the plate; this is where para- 
sitic suppression should take place (fig. 
8). A simple resistor-inductor circuit will 
do the job. The inductor places the resis- 
tor across an appreciable portion of the 
plate lead at the parasitic frequency and 
thus loads the circuit. At the operating 
frequency, the resistor is across only a 

small portion of the electrical length of 
the plate lead and is almost "invisible." 
Too many turns in the inductor will 
couple the resistor too tightly at the 
operating frequency and the resistor will 
dissipate a portion of the amplifier'sfun- 
damental power and will probably over- 
heat. If the parasitic is truly suppressed, 
then there will be no parasitic power. 
Too few turns in the inductor and the 
suppressor won't do its job. Cut-and-try 
is the keynote to success in this opera- 
tion. 

the "Rocky Point" effect 
The vacuum in a modern power tube 

is on the order of 10Torr (millimeters of 
mercury) in order to maintain proper 
cathode (filament) emission and to pro- 
vide adequate insulation between the 
electrodes. In spiteof the high vacuum 
employed, it sometimes happens that 
the insulation between the anode and 
other electrodes suddenly breaks down, 
with flash-over occurring inside the 
tube. 

This phenomenon has been referred 
to as the "Rocky Point" effect, after the 
RCA transmitting site where it was first 
observed in the 1930s. The effect can 
occur at low voltages and in relatively 
small tubes. Though it's not attributable 
to a gradual deterioration of the va- 
cuum, it can be brought about by a small 
quantity of ions liberated from an elec- 
trode. Ionization causes an electrical 
discharge, whereupon the ions disap- 
pear, either because of absorption or ac- 
tion of the getter within the tube. If the 
equipment is power-supply limited, the 
discharge usually causes no damage. 
However, most Amateur equipment 
makes use of a high-capacitance filter in 

r 
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fig. 8. Proper position of parasitic choke 
is in the plate lead of cathode driven am- 

plifier. 

the power supply, and the energy of this 
capacitor is "dumped" into the flash- 
over. Since the tube, at that instant, 
forms a virtual short circuit, the dis- 
charge current can run very high, dama- 
ging the tube electrodes, metering 
circuits, and associated components. 

The flashover is very sensitive to a 
drop in plate potential. The easiest way 
to control it is to insert a small series 
resistor in the plate supply (fig. 9).  The 

P C  

P L A T E  

R 

fig. 9. Resistor in series with B-plus pro- 
tects tube and circuitry in case of flash- 
over. 

1 

voltage drop across the resistor during 
a flashover will lower the plate voltage 
and extinguish the vacuum arc. 

Without the resistor, substantial 
damage may occurto tubeand amplifi- 
er components. With the resistor in 
place, in thecaseof a rareflash-over, the 
operator will be aware only of a soft 
"pop" or "snap" and amplifier opera- 
tion will continue as before. The resis- 
tor limitsthe current while theenergy in 
the filler capacitor is being dissipated. 

In most cases a 50-ohm, 20-watt re- 
sistor incorporated in the B-plus lead 
after the filter capacitor (either in the 
amplifier or in the power supply) should 
provideadequate protection. Inexpen- 
sive and easy to install, the resistor can 
protect a power tube worth many hun- 
dreds of dollars. 

The resistor is in a high-voltage circuit 
and should be adequately insulated 
from ground. Mounting it on ceramic in- 
sulating pillars is a good idea. 

filament voltage 
It'sa good idea to check yourfilament 
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voltageat thesocket in a cathode-driven 
amplifier. A voltage drop may exist 
across the filament choke and thus 
reduceavailable filamentvoltageat the 
tube. The voltage should be checked 
with an RMS-responding meter (iron- 
vane type, for example) and notwith the 
garden-variety volt-ohmmeter which, 
more often than not, employs a DC 
meter and a series-connected diode rec- 
tifier to measure AC voltages. Thiscom- 
bination is often inaccurate as the diode 
ages and its response to the rough 
waveform of the common AC primary 
line is questionable. 

Filament voltageshould be held to the 
tube manufacturer's specification 
limits, generally + 5 percent of the 
designated voltage. For Amateur serv- 
ice, it is generally prudent to remain on 
the low side of the voltage limit, rather 
than on the high side. (I generally run my 
tube filaments about 2 percent below 
the suggested operating voltage.) 

RF feedback 

In some cathode-driven amplifiers, a 
small degree of negative RF feedback is 
incor~orated. This absorbs some ex- 

> 

WFC 7 
fig. 10. Plate-to-grid capacitance plus 
capacitor C forms voltage divider to im- 
press negative feedback voltage with 
respect to cathode. RFchokecompletes 
grid DC return. 

cessdrive power, tends to make theam- 
plifier more stable, and improves the 
intermodcrlation distortion figure slight- 
ly. The feedback circuit is made up of 
the plate-to-grid capacitance, which is 
set by the equipment manufacturer. A 
representative circuit is shown in fig. 
10. Feedback is about 2 to 3 dB in the 
case illustrated. Decreasing the grid-to- 
ground capacitance raises the feedback 
level, but also tends to degrade thegrid- 
filament isolation at the operating fre- 
quency. A happy compromise must be 

found for the circuit to do its job. In the 
case of an amplifier using two 3-5002 
high-,L power triodes, 600 pF seems to 
be satisfactory. This isaccomplished by 
placing a 200-pF capacitor at each grid 
pin toground. The capacitorsare shunt- 
ed by an RF choke to complete the DC 
ground return for grid current. The 
choke has nothing todo with theopera- 
tion of the RF circuit. 

summary 
The grounded-grid (cathode driven) 

configuration is admirably suited to 
Amateur service in the HF and VHF 
regions and the circuit performs well in 
a properly designed and operated am- 
plifier. 

the E M E  directory 
A second printing of the EME 144 MHz 

Directory lists active moonbounce sta- 
tions, their addresses and locations, 
equipment used, and other pertinent in- 
formation. For a copy, send five first- 
class stamps (or IRCs) to me at: Varian 
EIMAC, 301 Industrial Way, San Carlos, 
California 94070. 

ham radio 

I BRAND NEW!! JUST RELEASED!! I 
Explore the world of 

-" ntl U A I I I O  .\\I!\TIl'R'C ~j~~~~~~~ communication! 
MICROWAVE One of Amateur Radio's last fron- 
C(  )MM1!NIC:;\7 10x5 tiers isthe microwave region,  hi^ I !  , \YI) l%OOK 

book is the first available to give ,>,,, ,,*.,,,~! hl,,\, this ever expanding area of Ama- 
teurcommunicatio~s uniquetreat- 
ment. Areascovered include: com- 
munications equipment for 1.2.2.3 

I 
and 10 GHz, networking and data 
packeting concepts with special at- 

, tention to24GHzsystems, design 
-.' parameters, rf and environmental 

. .- considerations and system design 
.% . suggestionsfor futuregrowth and 

modification, projects and much 
more. You also get information on 
N R O  and MDS systems with sug- 

The Radio Amateur's gestions and ideas on how to build 

MICROWAVE your own. 1985 184 pages 1 st 
Edition. 

COMMUNICATIONS I , T-1594 Softbound 512.95 

Handbook Pleaseadd83.50for sh~pp~ngand handllng 

Ham Radio's Bookstore 
by Dave Ingram, K 4 W J  Greenville. NH 03048 

I I 
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remotely controlled stations: 
a look at a successful remote base 

Stuck in an 
RF gulch? 

Try another site 

lmagine having a "big gun" 160-meter stat ion - 
but with no antenna consuming your back yard. Imagine 
running 1 kW on 6 meters - with no fear of TVI. Imagine 
DXing into the next state on 1296 MHz - but the only 
rig at your QTH isa450-MHz handheld! All thisis possi- 
ble using a remotely controlled station, commonly 
known as a "Remote Base" or simply a "Remote." 

A Remote may consist of as little as a simple wireline 
control link operating a single-channel 2-meter rig, or it 
may be a complex array of computer-controlled gear, 
covering H F through microwave and controlled via 450 
MHz-FM. Ideally, it's positioned on top of a mountain 
or tall building, like a repeater, but it could be located 
anywhere - even in the trunk of a car! 

Possibly the biggest advantage of a Remote is that it 
allows antennas to be located at a better site than may 
beavailableat home. Many housing developments, for 
example, don't allow outside antennas. And even where 
they're allowed, TVI may prohibit HF or 6-meter opera- 
tion at appropriate transmitter power levels. Or perhaps 
you just need toget yourantennasout of the "RFgulch" 
you're trapped in. 

But a better antenna location isn't the only reason to 
go Remote. A Remote allows several hams to consoli- 
date their resources into one superior station, access- 
ible to all. A group of operators then needs to purchase 
only one HF rig, one 1296-MHz station, and a singlean- 
tenna farm instead of duplicating their efforts individu- 
ally at great expense. 

The sharing of talents is valuable, too. In any group 
of hams there are likely to be those with specialized 
knowledge of RF, digital communications, and anten- 

nas, for example. Working together and pooling resour- 
ces, each can contribute hisor herskills toward building 
a station far superior to what each might accomplish 
separately. 

Located on a 2000-foot mountain near Ventura, 
W6ORE Remote (fig. I ) ,  the station described in thisar- 
ticle, has been operating successfully forten years. Us- 
ing a 450-MHz FM control channel, this Remote allows 
the users to operate an H F rig covering 160 to 10 meters 
and an FM VHFIUHFstation covering 144to 148 MHz, 
220 to225 MHz, and440 to450 MHz. Also controlled are 
an X-band beacon and a programmable speech synthe- 
sizer, along with other miscellaneous functions. 

Every one of these items can be controlled from the 
user's home QTH or automobile (or boat, in one case), 
with a rig as simple asa handheld equipped with a rub- 
ber duck antenna and a touchtone pad. 

The HF rig can be set directly to any frequency, or 
scanned or stepped up or down the bands in 100-Hz 
steps. A speech synthesizer reads out the frequency and 
reports if the transmitter is becoming overheated, or if 
a band edge has been reached while scanning, and to 
what portion of the band (Novice, General, Advanced, 
or Extra) the operator is tuned. 

The VHFIUHFstation, a Drake UV-3, can also be di- 
rectly set to any frequency, scanned, or stepped up or 
down. Repeater splitsaresetautomatically, but any odd 
split, even cross-band, is possible. All of this is con- 
trolled, "on-the-fly" with just a few keystrokes on a 
touchtone pad! 

the computer 
As you may have guessed, a computer (fig. 2) con- 

trols the system. Indeed, the heart of this Remote is a 
custom designed ~ 8 0 ' ~  computer built and program- 
med by Bob Schellhorn, WGORE. The 280 CPU was 
chosen for its rich instruction set and extensive 110 (In- 
put loutput) capacity. 

By Steve J. Noll, WAGEJO, 1288 Winford  
Avenue, Ventura, California 93004-2504 
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fig. 1. Remote system block diagram illustrates 1.8- through 450-MHz capability. 

The software was written entirely in assembly lan- 
guagefor speed and efficient useof memory. Thesoft- 
ware, known as "firmware" at this point, is contained 
in a 27128 UV EPROM (ultra violet light erasable, pro- 
grammable, read-only memory). Transient and change- 
able information is stored in a 6264 CMOS RAM (com- 
plementary metal oxide semiconductor random access 
memory). 

The 280 and memory are built on an S-100 bread- 
board, although the S-100 bus protocol isn't used. S-100 
cards afford generous wiring space and a 100-pin edge 
connector provides for plenty of 110 and allows the card 
to be easily removed for modifications (see fig. 3). 

The CPU card isenclosed in an RF-tight box fashioned 
from un-etched copper-clad printed circuit board. Cus- 
tom RF-tight enclosures constructed with surplus print- 

ed circuit board are often cheaper than store-bought 
aluminum chassis, which also never seem to be availa- 
ble in just the right size. An RF-tight CPU box isa must, 
as computers are notorious for generating excessive ra- 
dio "trash." And in this case, the computer is mounted 
within inches of several radio receivers. 

The280 runsat a fairly low speed to minimize RFI. The 
I10 is further slowed by a combination of special soft- 
ware and hardware techniques and brought out of the 
CPU box using feedthrough capacitors. A card cage re- 
ceives the CPU 1/0 linesand distributes them tovarious 
5 x 7-inch 1/0 cards. The card cage isn't shielded, but 
because the 110 isslowed at this point, no noticeable RFI 
is generated. 

The I /O cards provide the digital and audio interfaces 
to the HF rig, theVHF1UHF rig, the450-MHzcontrol up- 
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Message 
MasterTM -rZrr+ & 1 

.i*i Imr - 
WR -MSG - p "" - , ~eal-voice messaae svstem - - 

For any repeater or base 

Nowyou can communicate vital information even when 
the station you are calling is not on the air - with 
Message Master. Message Master is a solid state voice 
recording system which can record messages just by 
listening to you speak, store messages in memory, and 
deliver messages on demand. If you can't be there to 
deliver your messages let Message Master deliver them 
for you -any messages in any languageand in your own 
voice! 

Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected to an autopatch device to 

Create messages just by talklng. Message Master's 
'real-volce' technique saves YOUR VOICE In dlgltal 
memory to dellver messages In your own volce, lan- 
guage and dlalect. 

Mallbox-style operatlon glves lndlvldual message 
delivery sewlce to 100 system users. 

Easlly added to any repeater or base statlon for re- 
mote operatlon with only four connectlons. 

Special features Include callslgn Identlflcatlons, tall 
messages, and bulletin messages. 

exchange messages between your radio system and the 
teleDhone network. Digltal message storage provldes Instant playback of 

stored messages. 
Message Master is a multi-user system with mailbox 
style personalized message servicefora hundred users. Modular memory meets your exact needs from 2 to 8 
With 8 minutes of message storage it can store minutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would YOU like Your callsign identifications, Serving a//  your repeater needs 
tail messages, and bu~let i~messa~es sent in 
real-voice? Message ~~~t~~ can send them - Mark 4 Repeaters and Repeater Controllers are THE PER- 

too. Record several identification messages FORMA NCE LEADERS with real voice, more autodial numbers, 

and it will even send adifferent IDeach time. more synthesized voice and more features. 

Almost like magic, Message Master knows - Mark 3 Repeaters offer the winning combination of high per- 
when to send identifications and tail mes- formance and hiah value. " 
sages so it needs no special control signals 
from your base or repeater. - LR-1 Repeaters boast superb RF circuitry at an economical 

price. 
Call or write for further information before - MR-4 Receivers with 7 helical resonators are the only receivers 
you make another wasted call. to choose in harsh RF environments. 

~ ~ m m e r c i a l  users: Ask for a b ~ ~ h u ~ e  on - PA-100 Amplifiers with rugged TMOS power FETs give you a 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group and all call messaging. .. . . 

.~ . 

COMING SOON: A 4-channel re- 
ceiver voting system which oper- 
ates on true signal-to-noise ratio to 
extend your coverage by linking to 
remote receivers. 

J 124 
KENDECOM INC. 

MICRO CONTROL SPECIA 
23 Elm Park 

Groveland, MA 01834 
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fig. 2. A large double cabinet provides room for future ex- 
pansion. 

link receiver and downlink transmitter. One card con- 
tains the speech synthesizer, which is so necessary to 
the operation of such a complex system. 

a speech synthesizer is a must 
The speech synthesizer is built around thevotrax SC-- 

01 speech chip. This is a phoneme-based chip, which 
makesit completely user-programmable. It doesn't pro- 
vide the latest, state-of-the-art high-quality speech; in 
fact, it sounds rather like a robot. However, it'sfar su- 
perior to many other speech chips in that it can say ab- 
solutely anythhg. No compromises (such asspelling out 
words not in the limited vocabulary common to other 
synthesizers) have to be made. It's also very mernory- 
efficient. Only about five phonemes, or five bytes of 
memory, are required to store an average word. 

the HF station 
The HF rig (figs. 4and5)isan ICOM IC-701, a model 

no longer in production buta natural for computer con- 
trol because of its24-pin connector for plugging in a re- 
mote control unit. Through this connector the computer 
can setfrequencies, scan or step in 100-Hz increments, 
and transmit. The computer keeps track of the current 
frequency, the band edgesand the license class bound- 
aries. Of course, frequency can be read at will (a single 
touchtone on the uplink) and is announced politely on 
thedownlink - i.e., "Fourteen-point-three-one-four." 

fig. 3. Inside of computer controller. Much of the visible wir- 
ing is for the diagnostic front panel. 

All is not perfect, though. Outputs weren't provided 
for modeswitching (USBILSBI or for over-temperature 
warning. Minor surgery provided these needed outputs 
- two, in fact, fortheover-temperaturealert. When the 
rig's fan comes on, the speechsynthesizer announces 
"0verheatwarning"on the450-MHzdownlink. If the PA 
temperature continues to rise, the transmitter shuts 
down and thesynthesizer announces, "Overheat shut- 
down." 

A ground-mounted Butternut vertical allows 160- to 
10-meter coverage without an antenna tuner. Because 
the Remote is located on cattle grazing land, a small cor- 
ral was built around the vertical to ward off any itching 
Elsies. A 160-meter wire antenna is planned for the fu- 
ture; there will be no problem in having the computer 
switch over automatically when a 160-meter frequency 
is selected. 

the VHF/UHF station 
another out-of-production rig, a Drake UV3, provides 

the 144/220/450-MHz coverage. This rig was designed 
with a removable control head to allow the RF section 
to be located in the trunk of a car, while the head is 
mounted under the dash - again, a wonderful oppor- 
tunity for easy computer control. The removable head 
is replaced by a homebrew interface box allowing the 
computer fullaccess tofrequencvsetting and band and 
power level changing. 

The VHFIUHF antennasarea simple ground plane on 
2 metersand short KLM log-feed Yagisfor220and450 
MHz. Luckily, most of theaction isinonedirection from 
the Remotesite so that directional (gain) antennas can 
be used. The short log-feed Yagisafford wide bandwidth 
and a not-too-narrow beam shape (see fig. 7). 

the control link 
Primary to the operation of the Remoteis the450-MHz 

uplink, which allows controlling and talking through the 
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fig. 4. HF rig is in a shielded rack-mount box. 

fig. 5. Rear view of cabinet illustrates placement of link com- 
ponents. 

HF and VHFIUHF stations. The 450-MHz downlink 
pipesthe HFIVHFIUHF receiveaudio back to theuser. 

The uplink receiverisaYaesu708R. somewhat modi~ 
fied to accommodate a Motorola squelch chip. The 

to a homebrew Quagi. All of the users live and work in 
the same general direction from the Remote site, which 
permits the luxury of using a high-gain directional link 
antenna. 

some legal points 
The Remote control requirements of Part97 are often 

violated or ignored by remotely controlled station users. 
Because the regulations, which are quite complex and 
often confusing, require careful study for compliance, 
some definitions are in order: 

Auxil iary operation: radio communication for re- 
motely controlling other amateur radio stations 
(97.31 1. All amateur frequency bands above 220.5 
MHz, except 431-433 MHz and 435-43 MHz, are 
available for auxiliary operation (97.86d 1. 
Remote control: manual control, with the control 
operator monitoring the operation on duty ata control 
pointlocatedelsewhere than at the station transmit- 
ter, such that the associated operating adjustments 
are accessible through a controllink (97.3m21. 
Control link: apparatus for effecting remote control 

downlink transmitter isa cannibalized lCOM IC-30. Each fig. 6. The HF vertical is protected from cattle and deer by 

connect through a four-cavity Phelps Dodge duplexer a small corral. 
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F" between a controlpoint andremotely controlledsta- 

:C tion (97.317). 
I -  Thus, a station can be remotely controlled through a 

control link; this is considered auxiliary operation. Note 
that Part97 never uses the popular terms "Remote" or 
"Remote Base." 

Of course, "The frequencies available for use by a 
controloperator ofanamateurstationare dependent on 
the operator license classification of the controlopera- 
tor. . . "(97.63~). Even if a Remote is licensed toan Ex- 
tra, a General classcontrol operator isstill restricted to 
the General bands. 

On identification: . . . a station in auxiliary operation 
shalltransmit the word "auxiliaryr'at the endof the sta- 
tion callsign(97.84d2). So on the control uplink, I iden- 
tify as "WA6EJO AUXILIARY." The control downlink 

i identifies itself as"W60RE AUXILIARY ." When trans- 
mitting through the Remote's HF station, however, the 

1 ' 1  only required ID is that of the remotely controlled station 
licensee. 

On control link security: A station in auxiliary opera- 
tion shall be used only to communicate with stations 
shown in thesystemnetworkdiagram (97.864). To com- 
ply with this regulation, a non-member of a Remote 
breaking into the link should be informed that it isa con- 
trol link and politely asked to leave. 

On remotely controlled station security: Eachremote- 
fig. 7. The remote site shares towers and building with com- 
mercial services. HF vertical is visible at bottom right. 

ly controlled station shallbeprotectedagainst unauthor- 
izedstation ooeration, whether caused bvactivation of 
the controll~nk, or otherwise(97.88g). "Automatic con- -d-r-=T-, ,.- * - - .--as trol" is not advisable. 

can a remote be used 
for gaining contest points? 

Use of repeaters is usually prohibited for contesting, 
but a Remote is merely a station operated by remotecon- 
trol, nota repeater. The ARRL hasaffirmed thisand does 
not differentiate between Remote and "regular" station 
contacts. Note that usersof a given Remotecan't make 
contest points undertheir own calls. The transmitter(s1 
of a Remote are licensed to the licensee of the Remote 
and therefore bear only his or her call sign, not each in- 
dividual user's. 

operating particulars 
Nowadays, most 450-MHz rigs include built-in sub- 

audible tones (PL). The ICOM IC-04AT isoneexample. 
All PLfrequenciesare built in and merely selected from 
the keyboard. The result is increased convenience but 
at the cost of reduced security. A remotely controlled 
station isn't very secure if left unattended with only PL 
protection. And Part 97 requires that Remotes be well 
protected. 

For that reason the W6ORE Remote is left off when 
not in actual use. A user turns the Remote on by send- 

fig. 8. X-band beacon is perched near top of tower. ing a touchtone code on the uplink and is responsiblefor 
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operation of thestation until turned off, or until control 
is passed on to another user. On turn-on, and every 10 
minutesthereafter, thesynthesized voice IDS thedown- 
link, "W60RE Auxiliary." At this point, theuser can en- 
ter modes for controlling theVHFIUHFstation, the HF 
station, or miscellaneous functions. 

If VHFlUHFstationcontrol isselected, anyfrequen- 
cy that the UV3 can cover can be entered via a touchtone 
pad. Any split, normal, reverse, or odd can be set. Of 
course, all frequenciesand split settingsare announced 
on the downlink by the speech synthesizer. If the UV3 
transmitterisenabled, a beep issent on thedownlinkev- 
ery time the user drops hisor her uplink carrier to serve 
as a reminder that the transmission is occurring on an- 
other frequency. 

Nowthecomputer really proves its worth. Each user 
is assigned a "scan memory." Each scan memory holds 
32 "channels," just like a regular scanner. A user can 
place any mixture of 2-meter, 220-MHz, and 450-MHz . 

frequencies in hisor her scan memory. After turning the 
Remote on, the user needs to send only a single touch- 
toneon the uplink to activate the scan memory and the 
UV3 to begin scanning! Scanning, of course, stops on 
a "talking" channel, but channels can also be "locked 
out" temporarily or permanently with a keystroke. 

Operation of the HF rig issimilar. A frequency can be 
entered directlv with touchtones. Then a touchtone 
code starts the IC-701 tuning up, or down, in 100-Hz 
steps. 
Keying a mike on the uplink briefly will reverse thescan 
direction and slow it down. Keying the mikea little longer 
will stop the IC-701 from tuning. At any time a certain 
touchtone will cause the speech synthesizer to an- 
nouncethecurrentfrequency being monitored. Another 
touchtonewillsingle-stepthe rig in 100-Hzsteps; yetan- 
otherwill toggle the rig between WWVand the last fre- 
quency. 

Of course, noneof these featuresare built into the HF 
rig. The computer controlling the Remote has added 
thern. In addition to the user scan memories, the corn- 
puter provides90 single-channel "slots." Each slot can 
hold any VHF, UHF, or HF frequency. Simply entering 
a slot number turns on the appropriate rig and sets it to 
that frequency. For example, one slot holds the20-meter 
Maritime Mobile net frequency, a few slotsareassigned 
to local 2-meter repeaters, and one series of slots con- 
tains a11 of the HF W1AW voice bulletin frequencies. 

HF apprehensions 
There certainly were apprehensions about Remote 

operation of the HF rig before it was installed. What 
would tuninga rig several milesaway belikewithout hav- 
ing a frequency display to watch or even a knob to grasp? 
Would we have tooperateduplex, tuning on the uplink 
while listening on the downlink? The concept of blind 
operation and computer control was firsttested by con- 

fig. 9. Coax passes through lightning arrestors before enter- 
ing building. 

necting the HF rig to the author's Northstar Horizon 
S-100computer. A program in BASIC took commands 
from the computer keyboard and sent them to the rig 
through parallel ports. It worked great. Th,ere were no 
problems in operating the rig without seeing its front 
panel. With a little practice a sideband signal could be 
scanned up to and stopped directly on. 

There isa utility mode that allows users to control a 
multitude of items. Uplink squelch characteristics can 
be adjusted. The Remote's battery charger and a 
140-mW X-band beacon can be controlled. (See fig. 8.) 
The speech synthesizer can be programmed on the pho- 
neme level tosay any word or message. Any portion of 
the EPROM memorv can be read (the speech synthesizer 
reads out the locations in hex). The static RAM can be 
readandalso written to. Thespeed that the HF rig tunes 
can be adjusted. These are just a few of the things that 
can be controlled. 

keeping the commands simple 
Even though there are several dozen different 

touchtone commands, the majority of the most used are 
only singledigit. This makes life much easier. Thereare 
novast tablesof longcommandsto be memorized. This 
is achieved mainly by dividing major operating areas, 
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fig. 10. Coax enters building through a weather-proof box. 
The anemometer is made from a DC motor and recycled air 
freshener containers. 

i.e., HF, VHFIUHFand utility, intoseparate"modes." 
The touchtone decoder hasto be fairly good to keep up- 
link voice falsing down when single-digit codes are used. 
The Mitel MT886018865 chip set is used. 

bells and whistles (figs. 9 and 10) 
A weather station addition is now nearing completion. 

It is built around a National ADC 0817 16-channel ana- 
log todigital (AID) conversion chip. The chip has 16ana- 
log inputs and an 8-bit digital output. It isquite easy to 
connect toa computer. The computer needs tosend the 
chip a 4-bit address to set the chip to read the desired 
channel. The chip then measures the voltage on that 
channeland presentsthedata inan8-bit, 0-255format. 
I t  is then up to the computer to multiply or divide this 
number by a constant to come up with a meaningful 
measuremerit. For example, the home-made anemo- 
meter generates0.027 volt/milelhour. An op ampam- 
plifies thissignal by 2.47. The A/Dconvertersensitivity 
is0.02voltlhit. Thus, if a 10 mph wind is blowing, the 
A I D  will putout ~10x0.027x2.47)/0.02or33rounded. 
The computer then multiplies the A I D  output by 0.303 
to get 10 mph, which isannounced by thespeech syn- 
thesizer on command. Also measured are insideand out- 
side temperature, humidity, AC line voltage, battery 
voltage, charger current, and HF antenna VSWR. 

summary 
Building a remotely controlled station isunquestion- 

ably a major project, but the rewardsare well worth the 
effort. Computer control and synthesized speech feed- 
back are a must for all but the simplest systems. There 
is commercial hardware available for remote control, hut 
you might want to consider "rolling your own" to gain 
the ultimate in versatility. 
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N E570 circuit 
compresses 40 dB-range 

into 20 dB 

In Amateur Radio we're accustomed to signal-to- 
noise ratios of less than 15-20 dB. On UHF, however, 
there's sometimes a need to measure SNR higher than 
20 dB. An example of this would be in setting up VHF 
or UHF networks or linking systems to minimize hum, 
noise, or PL leakage. 

One method of extending the range of a standard 
VU meter from its usual 20-22 dB to 40-45 dB is to 
use an NE570 or NE571 2:l compression amplifier be- 
tween the source signal and the VU meter. This de- 
vice provides a very accurate 2 : l  curve so that 
accurate SNR readings can be achieved (see fig. 1). 

circuit description 
The NE570 consists of three basic blocks: a 741-like 

op amp, a gain control amplifier, and a precision de- 
tector. It can be set up to compress or expand at a 
2 : l  ratio, depending on how these elements are con- 
nected (see fig. 2). 

The output of the NE570 is buffered by an MC3403 
op amp to provide gain in the unit and better drive to 
the VU meter (the NE570 is limited in this regard). I 
chose the MC3403 because it has low crossover dis- 
tortion and requires only a single voltage supply. 

(The circuit board artwork from the Project OSCAR 
ACSSB Level 1 TX Adapter is shown in fig. 3).  A lay- 
out for the VU Extender and its schematic are also in- 
cluded (fig. 41. You may wish to use the extra op amp 
sections to provide a standard audio weighting curve 
for some kinds of measurements. There are three op 
amps still available in the MC3403 to provide this 
function. 

Calibration is accomplished by setting the input at- 
tenuator pot (Rn) in fig. 4 to mid-scale, then adjust- 
ing RB with the selector switch (SI) in the "OUT" 
position until you read "0" VU with 0.773 volts AC 

By James Eagleson, WBGJNN, 15 Valdez Lane, 
Watsonville, California 95076 
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YOUALREADYOWN 75% OFA 
COLOR VIDEO STATION 
It's true, With your transceiver, antenna, television set and 
audio tape recorder, you already have 75% of what's 

Add a v ] m ~ d e o  Pansceiver 
and your station is complete. 
Thousands of amateur video operators around the world are 
exchanging beautiful color images every day. Whether your 
favorite mode is SSB or FM or AM-direct, via repeater or 
satellite-you can join in I------------------------------------------------------------ I 

I I 

the high-tech fun with- ; Pleasesendme thefollowtnqRobotequlprnent I understand that if lam 1 
d~sattsf~ed for any reason. I can return the unlt and recetveafull refund. I 
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I 
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I 
I 

add a Robot to your I 
I 
I 

I ' Name 
I 

station! I Call I I ROBOT RESEARCH, INC. ,+d,jress I I 

I 75W Convoy Court I : Sen Diego. California 9'2111 City ZIP I 

I 
I 

Phone (419)979-9430 COD I 

v 128 I 1 
I Enclosed check or money order S I 
I 
I 

I 
OMC 1J VISA# Exp. Date: 

I 
I 
I 



ALL 

Oscillator 
,nx. a,-,-, 8 

HAVE I YCAK WARRANTY 

Optlonal fa, .,. , ...,..... r d  rv<h~rgcab!c hattcrv prick ,~\r.\ll,~l~le 

FREQUENCY A C C U R A C Y U V t R  

I ... ODEL PRICE AANCE I I E U P E R I T U R F  I 

'i 

-. 
ANT ': 

CIS10 

tx.7) 

o t m  

rrM ACCI 
TCXO 

2 M H z  
JPACY 

AC-17 AC-ADAF 7-1POO ANC.BASE 2 V  

FOR DEALER LOCA 
OR PHONE ORDF 

ROC-Rr,a~15GR 
R560 ProO!rc l tor l  Avrnu t .  

* C l O  
l l ~ r  ~ ~ 5 1 .  

o I PPM m-u 
PRWCJRTIONAI. 

10 Mn: t1VFW 

177qQ5 

Measure Up With Coaxial Dynamics Model 

83000A RF Peak Reading Wattmeter 
Take a PEAK wtth Coax~al  Dynamlcs "NEW" Model 83000A. des~gned 
to  measure both FWDIRFL power In CW 
and FM systems stmply and quickly 
Then w ~ t h  a "FLIP" of a swltch. 
measure "PEAK POWER" In most 
AM. SSB or pulse systems. Our 

lection of plug-in.elements plus a 2 
Model 83000A features a complete se. -- :< 2 , :. . 

yearwarranty. T h ~ s  makes the 
Model 83000A an Investment worth 
l ook~ng  at. So go ahead, take a 
"PEAK", you' l l  l ike "WATT" you see! 

Contact u s  for your nearest autho. 
r~zed  Coaxcal Dynamtcs represenla. 
tlve or d ~ s t r ~ b u t o r  in our world-wide 
sales network. 

COAXIAL 
DYNAMICS, 3 

f. 
i, 

15; ' . I ,~.I .  I , . . ,  parkway L' - 
Cli.vi~lanr!, i ? ' l r  44135 I ', 
21f-267 7233 
1~800-COAXIAL 
T ~ l p x  9R.0630 

& 
S e n ~ ~ c c  a n d  Dependablbrv Part of Every Pr13dur:t Y 134 

'41 *: ' 0 GH: 

San Ofvqo C A  rl7171 

17';095 / w HI 4 ~ G H :  ---- 
r z  2 G*, 

Calllorf~t., Cdl! fi19-578-71 i l  
T01t.r ,~(i9:1:0 -0ATnMC.X 109 

The ARRL lQR6 HdtldI~00k For 
Thr Rarlro Arralrcir carries on thc 
t r ad~ t~on  of III? prcvlnos t>dltions 
by prPsPntiqq 1193 pnqrr, of corn 
prchc,nstv~, i ~ f o r r n ~ l l l o n  lor thv 
ra010 a n i a t c ~ ~ ~  r n q l n w r  trr:h 
nlclan dnrl ? t t ~ d r n l  f'al>c,r rd l t lon 
518 In thcU S S191n Canada and 
clsr2whrrc Clotrihounrl $27 1'1 thc 
U S 529 In C,~nada and rlscwherrb 
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220 MHz is alive and we11 at Falcon 
FALCON produces 8 different BaselRepeater and Sdifferent Mobile amplifiers. Six of these amplifiers are for 
the 220 MHz operator. 

For example, consider the following two MOSFET BaselRepeater amplifiers. Remember, FALCON is the only 
manufacturer bringing you amplifiers with the advantages of RF power MOSFET's. 

Model 41 12C 10 Watts in. 100 Watts out 
......................................................... RFPowerIn 1 Wto15Watts 

............................................. - RF Power Out. .10 Watts In 100 Watts out 
3 Watts in - 50 Watts out 

Model 6135C 2 Watts in - 100 Watts out 
RFPowerIn ....................................................... 300mWto3Watts 
RF Power Out. .............................................. . 2  Watts in - 100 Watts out 

1 Watt In - 70 Watts out 
Features: 
Frequency range.. .. .220-225 MHz 
New, long life MOSFET transistors 
Low broadband noise (Low desense) 
Automatic Internal or External Keying 
Use for FM. SSB, CW 
Excellent hlgh order intermod specs 
83A" x 19" rack panel, 13.8 VDC 
Continuous Duty (With customer fan) 
Built-in Thermal Protection 
1 Year Warranty Made in the U.S.A. - - 

j & k m  P.O. BOX 8979 Newport Beach, CA 92658 
I 
I 
I 

I 
COMMUNICATIONS 

(71 4) 760-3622 I 
8 i 
' C I I I C ~ I I I I " I ~ . - I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I . I I ~  

The solutlon to rnost I n t e r f e r e r i c e  ~ritermod and desenhe 
problems In AMATEUR and COMMERCIAL systems 

c 7 -', - - - 40 l o  1000 M t i i  Iunt~O l o  your frrt luenc! 

5 larae hellL<il resondlors 
Low i o ~ s e  H ~ q h  overload reslslance 
8 dB galn u l l ~ m a l e  relecllon) 80 dB -- . 10 10 15  v o ~ t s  DC ODeratlon 

*U . Sue 1 6 x 2 6 r 4 71 '  exc connectors 

FANTASTIC REJECTION1 
Typrcal relection Prlce CALL bipolar wlRCA lacks 
+ h 0 0  Khz@ 144 M h z  - 2 8 6 8  Connector op l lo~ ls  BCN $5 UHF 86 
+ 1 6 Mhz$220 M h z  - 4 0 6 8  N $10 
+ 5  Mhz(N450 M h z  -50dB SUPER HOT1 GaAs Fel opllon $20 

Small soe easy insl,ill,~lion 7 lo I,, vr>l l~ 111 
H sPlectnnle reproqrnmmat~le messarjrr e,t< I) uu l o  .' m8n long 
\'itred, tested. and programmed with your messagelsl 
Model ID-1 - $49 95 Mcdel 10.2 wi2 to 10 mlnule llmer . $69 95 

We o l l ~ r  a cnmolete Itne o l  lransmlller and recetvel 51r1~s 

I \ 

GIVES YOU MORE CHOICES 

. .- .......... 

Par*., T""l"0 l"dlC"lDl HF U0d.m 

. slnple L,,,,,tl I , ~ ~ I $ ~ "  r1.tcLt80r of r i i  v i l ~  . *C,W" ba'Op85' ,,l!"l Ililp. cw* "' OiiM . 20 r q m s n l  ,,.d L t n  bar OW" diwbrr . ,n,e,ny, TAPnO"l.2" rnmnrn . P~~~~ 5.rch conworn talh FrU a M  TNC . Work% *.#m an) TAPR INC 1 or TNC 2 Cbne . CaO<nnq malrllal TNC ZW &%On . ,n,,.ll",lon ,r r<mC4o end mnrenant *... rnb1.d ."d 1B.l.d S t 4 9 9 8  
Pul l  K I I  mnd C.blnSI 1 1 1 4 . 9 5  

~ r r m ~ n o l  snt~ware  lor Marinlorn 
P u , ,  M*,, ,"Uli, r y  i i l , l , r ,  

Trmna l  Sollwrr" ( 0 8  "0". PC 

. Sphl wr0.n o l  m i , ,  r s u i  d.rPlal . I~UII~PIC YID~IPO ~ s ~ n r  01 ICC tmlt avtlcr . lull* ~0nfquraC)  PC ari* TNC IWlamelOm . Won$ *i!h alt I N C  I lincludnp GLB P I  ? I  . POD "0 Wl"rn.l 101 oprrr,oi mlrrlace 

ORDER TOLL-FREE Snles and Technical Inlormation Call 
800-835-2246 

n 813-689-3523 
ESCUELA HAMERS CO LTD 

Yokohama 015.651.0191 FUEL SMPnND IN CONTINENTAL US1 
SEN0 FOR OUR FRrE CATALOG 

119(~~lta~nal" v u u ~ c  ~ ~ w w t  PRW,M~~ FBIII. addrolICI must add55 l i l e l  10. 

I 

, "Is4 I 

PAC-COMM PACKET RADIO SYSTEMS. INC. 
4040 w KENNEDY BLVD . TAMPA ri  33609 

TI.LEX G'rOZi11115:'G m n  B, 



There are two ways you can applications for vessels and 
operate an amateur dual band base stations outfitted with 
UHF/VHF radio: you can go standard Larsen BSA-K hard- 
through the extra expense and ware. With or without a p u n d  
bother of using two antennas.. . plane, I he Larsen 2 / 70 gves 
or, you can install the new you the highest rformance 
Larsen 2/70-the single attainable, whet f er you are 
antenna that brings you both using a dual band radio or two 
bands. separate radios. 

The Larsen 2 /70  blends a I f  our radio does not have 
hall-wave element for 2-meter a buic-in band splitter, we can 
( 144-148MHz) amateur band even provide that. 
and collincar elements for Performance.. . savings.. . 
70cm (440-450MHz) amateur convenience.. .and a no- 
band. One antenna serves both nonsense warranty-four 

-bands, and is available with great reasons for banding 
three different morlnts for any together with the Larsen 
niobile needs. 2 / 70. See your favorite 

l i e  self-resonant design of amateur dealer or  write for a 
the Larsen 2 /70 allows mast free catalog today. 

Krsen nntenncrs 
The Amateur's Professional'" 

See your favorite amateur dealer or write for a free amateur catalog. 
IN u s  I S  t I I I I~~I I  N r ',rill> A w  P ~ I  nox l rtw Vancouver WA"R~W ?OC, 573 2722 

I N  CANAflA Canad~an I arsm Flrclron8cs L t d  '144 Wpsl f i l h  A w  Vanl:nu%? 0 C V5Y l K 3 ' 6 M ~ 8 7 2 . 8 5 1 7  

LARSFN" Kir l  ROW A N n  Kt)[ DUCKIF*  ARF RFGISTFRFD TRADEMARKS OF LARSEN ELECTRONICS INC 
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p l l l l l l l l l q  
I FREECATALOG! I 
I Features Hard-to-Find Tools ( 

and Test Equipment 

I 
1 Jensen's ncw catalog leatures hard-to- 

I f i n d  precision tools. tool kits, tool cases 
and test equipment used by ham rad~o 
o p e r a t o r s ,  hobbyists, scientists, en- ' gineers, laboratories and government 

I agencies. Call or write f o r  your lree copy 
t o d a v .  

D e p t  HR 
781 5 S 46th S l r e e t  
P h o e n l x .  AZ 85044 

MICROWUVE MODULES TRUNSVERTERS 
MMI 1?0b11~141, 1296 IZ'IRMH, In.ttl 7 ~ .  linnsrrl s s 9  
MMln.l? 78 S 432 437MH1 7811. lh $179 
MIIII??II~)H S 770 71SMtli ?Rll Ilk 5149 
MMTl.11 78 H 14.1-I.IRF.IH? 2881. 2Sw ORM 

6AASll 1 $339 
MMT50128 R 511 I-IMH!. 28ll. 7 k .  

h8ql1 n c ~ ~ l o r n u n c ~  5144 

SSO ELECTRONIC TRUNSVERTERS L PREAMPS 
11735 I:"lh I7'1RMHi, l4drl Ilk GAASFET 5479 
L 1,335 9117'11111~11: 14411 lh I;AASI~I 5470 
MICROLINE 13 ?.I01 2JilhMHI 14411 0 5w LiAASIFT S:l4!l 
DXlJIS 01 1.1.1 IdhlilH: 04dh nl 7Sdh0~ l l l  $160 
LlX.I'i?S 01 .I:lII J.IIIl.IH, 0 3dh nl 2 N b  11.3811 $ 1 8  
Dxl?ll6S 1:'SO IIIIIIMH, 0 Sdh "1 >0d11 0a8n S1:'I 
X ? : I !  ?:illlI Ti :llldH?. 0 Rclh sl  IRdh r~;lln 5179 
MVI.1-IS 01 1.1.1 I.lHWH, O 50b CII 2501, lla8ll Sf79 
MV.IR?S 01 410 .I4iit.lH: 0 7dh n l  750b Oaln 5179 
MV1?96 S I150 I1IIlIMHz I W h n l  I h d l ~ i i 3 ~ n  5119 
Dl.wlL,A Svgurnc 1.1 I~I! MV l>!enrn~1 $79 
PA73111 1796MH: 40w so110 r la l r  PA S I ~  
PMIJIIOA I ~ ~ I ~ I ~ o . , I ~ ~  n t l  IU)PII,I I?nn>w ~ O W I  571'1 
Nl W IU1;Hl l!ansvr,cl.,8 IIlllMW SKI1 

EME ELECTRONIC 
kt1 .!no High power r~ lay .  144 2kvt 437 1kw St19 
l'AZi150 IBSMHI 2 luh? PA 150 + W SRA 
I'A 1375 710.IMH; I Ih~hl' PA 75 + W S 1.11 
WAIIMiTER 43:' 1/06 13lwMH1 S?79 
PA1)3700 IYI6MH: 1 1~1118. PA. 7 W  + W. w d l ~ l  

COO"': 5775 
WJlO Il',!lf,r coolera lor 2C39 7789 

11:xlnn PIC SIO 

TRUNSVERTERS UNLIMITED 
ROA I,?H(, S T A I I ~ ~ I  A HANS PETfRSlVI3CRIII 
I~HOIIIII O ~ I I A H I ~  14161 759 5567 
LAIIAII~ M!IW 11'1 r v i  N I ~ G S  

f \ 
AMATEUR RADIO MAIL LISTS 

S e l f - s t i c k  1x3 labels 
*** NEWLY LICENCED HAMS *** 

'*' ALL NEW UPGRADES **' 
*** UPDATED EACH WEEK **' 

Total List = 462.728 ( Z I P  sorted) 
Price is 2.5 c e n t s  each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral. Vlr lnla 23117 

703:891-5777 
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a very sensitive 
LF or HF field-strength meter 

fig. 1. The typical field-strength meter circuit will work for 
HF medium power applications, but is useless for 
1750-meter QRP testing. 

W H I P  I ANTENNA 

fig. 2. A singleg-volt battery will power the field strength 
meter, with a total current drain of 3 mA.  

I Detect small changes 
with this handy circuit 

While thesimple resonant tank, diodedetector, and 
microammeter-type field strength meter (fig. 1) may be 
usable for HF signal evaluation, it's almost useless for 
any reasonable measurements on 1750 meters, where 
a I-watt input restriction appliesand very low ERP isthe 
rule. 

Using the standard diode detector scheme, I found 
that the usable scale readings for 1750-meter tests were 
limited to a maximum of 30feet away from the antenna 
to be evaluated. To compensate for this insensitivity, a 
larger antenna connected to a field strength meter would 
be required. But this would make field-level measure- 
ments cumb'ersome. One solution to this problem would 
be a DC amplifier at the output of the detector to provide 
the gain required for driving the meter indicator. 

circuit description 
In fig. 2 the complete LF field strength meter circuit 

is shown. C1 and L1 are made to resonate on the 
1750-meter band, with thetotal coverage being from 150 
kHzto500 kHz. L1 can beslug-tuned for 160-to-190 kHz 
coverage alone or a 2.5-mH choke can be used for L1, 
if desired, using C1 for tuning. A lN270germanium di- 
ode rectifiesthe RF signal and C2 is charged at the peak 
RF level. This DC level is amplified by U1, an LM358 
operational amplifier requiring only a single 9-volt sup- 
plyfor operation. Thegain isdetermined by R2and R3. 
R3 is a 100-kilohm linear potentiometer that varies the 
DC gain from 1 to 100, driving the 50-microampere me- 
ter, which actsasa voltmeter in conjunction with R5. A 
normally closed 3.5-mm jack is connected in series with 
the analog 50-microampere meter for remote meter 
readings and/or a DC level which can power an audio 

By S. J. DeFrancesco, K1 RGO, 17 Jeffry Road, 
East Haven, Connecticut 06512 
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Table 1. 

L 1  C 1  F r e q u e n c y  H a m  B a n d  
( v a r i a b l e )  R a n g e  

50 3 0 - 3 6 5  p F  1 -  4 M H z  1M). 80 m e t e r s  

3 p H  3 0 - 3 6 5  p F  5 - 1 6  M H z  40. 30,  2 0  m e t e r s  
0.9 ,cH 3 0 - 3 6 5 p F  9 - 3 0 M H z  30 .20 ,  15, 12, 1 0  

m e t e r s  

2 . 5  mH B r o a d b a n d  a t  
r e d u c e d  g a i n  

ascillator for CW sidetone operation. An LED was ad- 
ded to indicate the "on" status. 

You can expect long battery life because theamplifi- 
er will continue to operate even when the battery volt- , 

age drops to 4 volts. With 9 volts applied, the total 
current drain is only 3 mA. 

This field strength meter need not be limited to LF use 
only. Table 1 showsthe L1 and C1 valuesfor HFopera- 
tion and broadband operation. 

operation 
At firsttry, theadded sensitivitywasa blessing. I could 

easily make field strength measurements at distances 
that were impossible with the simple diode detector 
barefoot meter. At  200 feet from my LF antenna, test- 
ing on 186.5 kHz, I could easily get 30 percent scale 
readings. 

I then began checking my 1750-meter antenna sys- 
tem. When theantenna wasdry, I noted a 1-dB increase 
in field strength over readings taken when it was wet. I 
ran a 600-volt "Megger" test on a dry day and also on 
a rainy day, noting 10,000 Megohmson thedry day and 
3 Megohms on the rainy day. In the past, under similar 
conditions, I couldn't detect this variation in field 
strength because of unusable readings. Noticing the 
substantial difference in field strength, I cut several tree 
branches that were touching my antenna and found that 
just doing this increased the field strength by another 2 
dB. The field strength meter proved to bequitea useful 
tool. 

ham radio 

'' A 1  LASTno A VERY 4FFOnO4mLE COMPUIER 
AT. VERY AFFOROABLE PRlCt  . / 

. . . . . . . . . . . . . . 
e ~ c - * m  . I Y  IWH -LC ~ * O L I ~ I I  s * m  -*os- 
IIIU~LI  m KC, NY.UNC ne rrrlulrlo-sol u w o  r w e  
CnlP D E S I G N - I D Y L A I I O M I I  -YNIOUI IIMllr C H I C  l 11.017 
uxxs 1m r m  cwr,n-Gwm aunw AND rwlurrro as 
IUV .UUIUTC rn s ~ n  aclur ,  u c r s  *a, su u  -*GI u.3~ 
AND IClE*ICC ru*c,a*s A, .* I r F W m B L I  19Cl 

I I~IIY 1 . 1  LJNI 1 F o r 1  $19 95 RIIY 2nd FOR 116.95 9V DC WALL ADAPTOR $4.85 
BUY 3rd UNIT   on O p c ~ s l i n g  FO, Parts $10.95 MANUAL Over 150 Pages 12.95 

See smtemtn 1m issus 01 n (or nhw.mm Micb I 
S P E C I A L S  

IBM COMPATIBLE 
COMPUTERS 

Floptop Care. keyboard. 
Pis and motherboard up 
and runnlna Call tor de. 

A R E  I M I R t  I,. C D r M E l  90. Kelvin sell con 
u.,N~a.rtsn,,v-- uvl C1880fle Soflwan: tamed slectronlc polara - - - - - - 8 ".- CUU~. .an-.n 101 ~ 8 t h  lwdhorn 
1.10 n.- W, e. *no. - ' ' ' ' ' $59 95 8. 5 W S H **.. *r*l Me. I lot U us '̂ ' o.mM- '* - 1101 S 1 0 R  I tot l l D Y i  2J$lC"l W 
m*l-'.d %=*sn-x , o t~ .m . r ) rn~muom 
APPLC POWER ec *I *.I -ICI rrdl-e.. 

SuPPl IES 12995 m-rrnr iau~m~z!nt uorns18 

I w l m w ~ a m w m m :  PIEASEINCLUDE IO%OFORDERFORSH~P. 
PING A N 0  HANDLING CHARGES IMlNlMUM I2.Y). MAXIMUM 1101 U. ~ ~ i ' < ~  NAOIAN ORDERS. ADOI7Y)IN US FUNDS MICHIGAN RESIOENTS ADD 
4 %  SALESTAX FOR FREE FLYER. SEND+hSTAMPOR SASE I I HAL-TRONIX, INC. \W# La- - 1 

I 12671 D i x - T o l e d o  Hwy 
- 

'313' 281'7773 "HAL" HAROLD C. NOWLAND P.O. B o x  1101, Depl C nourn 
Soulhaate. MI 48195 1 2 : ~ .  6:00 EST won-sat W8ZXH 
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W6SAI BOOKS 
published by Bill Orr, W6SAl and Stu Cowan, W2LX 

BEAM ANTENNA HANDBOOK 
Completely rev~sed and updated w ~ t h  the latest compuler generated informa- 
tton on BEAM Antenna des~qn Covers HF and VHF Yag~s and 10. 18 and 24 
MHz WARC bands Everylh~ng yo11 need lo  know. 2 M  ~llustrations. 268 
pages 1985 Rev~sed 1st e d ~ t ~ o n  

RP-BA Softbound 59.95 

SIMPLE LOW-COST WIRE ANTENNAS 
Prltner on how-Io.bu11d slmple low cost wtre anlennas Includes tnvislble 
designs lor apartment dwellers Full o l  d~aqrarns and schematics 192 
paqes 1972 2nd edlt~on 

RP-WA Sonbound 57.95 

ALL ABOUT CUBICAL QUA0 ANTENNAS 
S~mple lo bu~ld. Itqhtwetqht. and htgh perlormance make Ihe Ouad a1 OX'erS 
deltght Everything lrnrn the single elernenl to a mulll-element monster A 
wealth o l  ~n lo rma l~on  on construction, leed~nq. tuntnq and tnslalllng the 
quad antenna 112 paqes 1982 3rd edlllon 

RP-CO Solfbound $6.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth o l  prolecls thal covers vert~cals, long wlres, heams as well as 
plenty o l  other lnleresllnq deslqns It ~rtcludes an honest ludqement 01 gatn 
I~qltres, how In  stte yo~tr  antenna lor Ihe besl perlormance, a look at the 
Yaql-Ouad controversy. bahtns, slopers, anrl dPlla loops Practtcal antenna 
prolecls that work1 190 paqes 1978 Is1 edttlon 

RP-AH Sonbound 17.95 

Please enclose $3.50 lor s h ~ p p i n g  and h a n d l ~ n g  s) 

ham 
rn' 

radi~-. ,~~/l~~ BOOKSTORE 
GREENVILLE NH o . ~ n w ~  



Unadilla Amateur Antenna Baluns i Purchase from any of over 
300 dealers nationwide 

For 20 years, preferred by Amateur, Commercial and Military Operators j 
or order direct First with built-in lightning arrester-minimizes TVI. maximizes power handling : 

j I I DIPOLE ANTENNA KIT . .  . . $65  00 ea ! - a. i I I W P A U l  1 8 1  l W 2 A U 4 1  $ 1 7 9 5 ~ a  : 
: I I W 2 D U H F & I I W 2 D U V H F  $1995ea i 

/, , 
..;S Total Order $-. : 

.-4 * j  Shrpprnq 52 00 ; - 

Total 
WPAU 1:l (1 4 1 W2DU+IF WPDV-VHF 
only01 7.95 ~nly $19.95 onh, $19.95 Name 

W2AU Broadband Ferrite Core Baluns 
For m e d ~ u m  power (1000 watts RF) 

W2AU 1: l  
'50 to 50 or 75 to 75 ohms 
:For dipoles, V's, beams, quads 

W2AU 4:l  
'200 to 50 or 300 to 75 ohms 
'For high impedance antennas such as 
folded dipoles 

W2DU Non-Ferrite Very High Power Baluns 
W2DU-HF (High Power) 

'1.8-30 MHz 
'3000-9000 watts with 1 :I antenna SWR 
' 1500--5000 watts with 2: l  antenna SWR 

W2DU-VHF (High Power and Extended Range) 
'30-300 MHz 
' 2000-4000 watts with 1 : 1 antenna SWR 

1200-2400 watts with 2: l  antenna SWR 

i Address 

: City S t a t e Z t p  i 
Phone( ) 

The Perfect Dipole! i ,, I I Mastercard 
! 

Only $65.00 
Complete Kit 

1 Card # 

i Expires 

I I  Check I I Money Order j 
To order or request informational 

brochure. call 

61 7-475-7831 
or write to 

ANTENNA'S ETC. 
i P.O. Box 215 BV. Andover. MA 01810-0814 j 

W?AO 1 1 R;ilon 1 werk dellvery lor credtl cards 
2 w e ~ k s  lor pprsonnl checks Pa~r ol W2VS KW.40 Traps i 

Patr ol End-sulalors 30 DAY MONEY BACK GUARANTEE 

125'#14.7 Copper Wne : 
Cornplele Inslallalton 8 i UnadillalReycollnline is now a Division of 
Prun~ng lnslrucltons ANTENNA'S ETC. ! 

e "I, 7-  s 

- -.....I , 
i SUBSCRIBE 

AND RENEW 

TOLL-FREE 

ham MASTERCARD 

radio VISA 
Please have your charge card ready 

rnagaztne BILL ME 

DATATEL 800'" 

1 YR - $22.95 2YRS - $38.95 

3 YRS - $49.95 

800-341-1 522 
Weekdays 8 AM - 9 PM EST Saturdays 9 AM - 5 PM EST 

Prices U.S. only IN MAINE CALL COLLECT (207) 236-2896 

OUR 800 NUMBERIS FORSUBSCRlPTlON ORDERS ONLY! 

For Errors or Change of Address CALL ham radio direct at (603) 878-1441 8-5 EST 

More Details? CHECK-OFF Page 110 September 1986 Gbl 69 



fig. 1. W4PFZ's revision of VK4ZF's Yagi design program runs on Commodore 64. 

VHF Yagi 
CAD 

on the C-64 

Use the popular 
VK4ZF program 
to design up to 

40 elements 
on a single boom 

When VK4ZF's article, "Computer- 
aided Design of Long VHF Yagi 
Antennas," appeared in the May 
issue of ham radio,' I decided to con- 
vert his design program, written for 
the Apple IIE, to run on the Com- 
modore 64. Figure 1 lists the revised 
program. 

The most significant conversions 
appear in the section of the main pro- 
gram that reads back data files (lines 
1130-1190) and in the file saving pro- 

gram shown in fig. 2. All the com- 
mands to  the printer required 
modification, especially with the ad- 
dition of lines 5000-6220 to provide 
decimal alignment of the numerical 
results. The data tables from the ori- 
ginal article must be typed in using 
the program shown in fig. 2. 

reference 
1 Dav~d G Hopkins, VK4ZF. "Computer aided 
Des~gn of Long VHF Yag~ Antennas." ham radio, 

May, 1986, page 28. 

By Olin K.  McDaniel, Jr.,  
W4PFZ, 1327 Pinckney Avenue, 
Florence, South Carolina 29501 

READY . 

5 REM . ~ * ~ ~ ~ ~ * * * * * ~ ~ * . * ~ * ~ t * O * ( . * O ( . * * O t .  

10 REM YOGI OESIGN PROGRAfl 
15 REM BY 
20 REtl OFIUlO G. HOPKINS (UKYZF) 
25 REfl U4 HANOSWORTH ST 
30 REfl CAPALABA 
35 REM QLO. 9157 
90 REV AUSTRALIA 
45 REM ............................... 
50 REV MODIFIED FOR COflMOOORE 6Y 
55 REM BY 
6 0 R E M  OLINK.MCORNIEL(W4PFZ) 
65 RE" ............................... 
70 REM PROGRAfl BASED ON WORK DONE BY 
75 REM GUNTER HOCK (DLBWU) 
80 REtl AN0 PUBLISHED IN -. - 

B5 REM 'UHF COMMUNICATIONS' 
90 REtl REQUIRES THE USE OF A PRINTER 
100 REM 
110  RE^ rrr***oo*******o**tt***ot**trt*r 

120 REM .-. - 
160 PRINT"CCLR)".GOSUB 1BZO 
170 PR1NT"CCLR)" DIM SP~YO~,OS~4O~,TS~9O~,LE~95),LES(YS),OSS~4S):QS-~3333" 
180 REM-------------LOAD ELEMENT SPACING DATA-------------- 
190 0ATA.290..075,.1E0,.215,.250,.280,.300..315..330..395 
192 OATFI.360,.375,.385,.330,.335,.900,.900,.Y00,.400,.900 
199 ~eTa.~oo,.~oo,.~oo..~oo..~oo..~oo,.~oo..roo..roo..~oo 
196 DATA.~00..900..~00..900..900..900..400,.400,.400,.900 
200 FOR X-IT0 90 
210 READ SP(X) 
220 NEXT 
230 REM-------LOAD REFLECTOR MULTIPLIER---------- 
235 DIfl RE(16) 
290 ~ ~ ~ ~ . ~ 9 o ~ , . ~ ~ o o . . ~ s s ~ . . r ~ 7 ~ , . r e 6 ~ , . ~ s ~ ~ . . ~ e r ~ , . r ~ ~ ~  
2-5 DATA.4B25,.9820,.9810,.9785,.9770,.9765,.Y750..9740 
260 FOR X-IT016 REAO RE(X).NEXT 
270 REn-------LOO0 RADIATOR tlULTIPLIER----------- 
280 nrn ~ ~ ( 1 6 )  
230 DATA.9675,.9665,.969Of ,9620, ,9601,.4585,.4575,.9550 
295 DATR.9530,.4515..~500,.~960,.9935,.9930,.9900,.93~~ 
300 FOR X-1T016:REAO 0RCX):NEXT 
310 REM-------SELECT ELEflENT flATERIAL SIZE-------- 

325 DATA.OOBE, .01, ,011~5; .013i, ,015, ,0165, .01~2, .02 
330 FOR X-lTO16:REAO EL(X).NEXT 
390 REM-------INPUT OESIREO PARRflETERS------------ - .  - 
350 PR1NT"CCLR)WHAT IS THE CENTER FREQUENCY OF THE ANTENNFI IN flHZ." INPUT F 
360 PRINTWCC/ON)HOW flANY ELEMENTS DOES THE ANTENNA REQUIRE" INPUT N 
370 PRINT IFNC3 OR N>9OTHENPRINT"CRUON3NUMBER OF ELEMENTS NUST BE BETWEEN 3 AN0 
40" 
375 IFNC3 OR N>9O GOT0 360 
380 PR1NT"WHAT I5 THE DIAMETER OF THE BOOM IN MILL1METERS":INPUT 80 
390 PR1NT:PRINT"ARE THE ELEMENTS TO BE INSULATED FROfl THE BOOM? Y-YES, N-NO 

8 ,  . 
 YO^ GET AS: IF AS-"" GOT0 900 
910 IF 05-"Y" THEN I-1:GOTO 950 
9?O IF AS-"N" THEN I-O.GOTO 950 
930 GOT0 900 
930 REM---------DISPLAY SPECIFICATIONS------------- 
950 PRINT"CCLR1":PRINT"SPECIFICATIONS FOR THE ANTENNA TO 0ESIGN":PRINT:PRINI 
955 PRINT"1. OESIGN FREaUENCY: ";F ; "  MHz" 
960 PRINT"2. DIAMETER OF BOOM: ";ED;" flfl" 
970 PRINT"3. NUMBER OF ELEMENTS: ":N 
YE0 IF 1-1 THEN PRINT'? ELEMENTS ARE TO BE INSULATED FROM THE BOOM" 
989 IFI-OTHEN PRINT"9. ELEMENTS ARE TO BE ELECTRICALLY CON-NECTEO TO THE B00Pl' 
990 IF~B0/1000)/(233.792/F) C.05 GOT0500 
991 IF(B0/1000~/(233.732/F~>.O5THENPRINT"CC/ON~CC/ON~ BOOM DIAflETER TOO LARGE FO 
R THIS", 
992 PRINT"FREQUENCY":PRINT"CC/ON)CC/ON~":PRINT"ENTER A SflALLER 0IAflETER":INPUT B 
D. GOT0990 
500 REM----------CHECK SPECIFICATIONS-------------- 
510 PRINT"CC/ON)CC/DN)CC/DN)":PRINT"FIRE ALL THE ENTRIES CORRECT. Y-YES, N-NO"; 
520 GET AS:IF AS-""GOT0 520 
530 IF AS-"Y" GOT0 650 
590 IF AS-"N" GOT0 560 
550 GOT0 520 
560 PR1NT"WHAT IS THE NUMBER OF THE INCORRECT ENTRYV:INPUT X 
570 IF X<>9 GOT0 600 
5flO IF 1-0 THEN 1-1 GOT0 990 
590 IF 1-1 THEN I-O.GOTO 990 
600 1NPUT"WHAT IS THE CORRECT UALUE":CU 
610 IF X-1 THEN F-CU 
620 IF X-2 THEN BD-CU 
630 IF X-3 THEN N-CU 
690 GOT0 950 
650 REU----------CeLCULATE BOOM DIAMETER WAUELENGTHS---------- 

70 September 1986 



THE IDEAL 
OMNIDIRECTIONAL 
PACKET ANTENNA 

Greatest Simplex Range for  
Price 
Maximum Deeoupline Mini- 
mlzes Computer Hash 
No Feedllne Radiation to Lock 
Up -Computer 

PERFORMANCE 
Low Vertical Radiation Angle 
No Feedline Radiation 
Wideband Matching Network 
EMcient Deeign 
Omnidirectional Wttern 

DEPENDABILITY 
High Quality Materials 
Weatherproof Design 
Rugged Construction 

Advanced EngineerLng 

PRICE & CONVENIENCE 
Low Cost 
Easily Lnetalled 
Compact & Lightweight 

. ., 
UPS Shippable 
Inexpensive TV Mast Support 
(not Included) 

I S O P O P  is available for 
144 MHz, 220 MHz, 440 MHz 
Ask for oar spec sheet and 
radiation pattern plots, or 
visit your favorite AEA 
dealer for more information. 

(pncaa~wmSa!mmwbgnt0ChanOB~MCB 

a 0-1 

AEA 
AdmedOIdmnlaAppltltkn*k 
P.O. Box G2160 

\'irtuallp all existin6 Packet Terminal 
Stde Controllers I1 SC's) uw phase;, 
locked-loop deteaion or a "\lbrM Chi 

circuits. These schemi3 work well 
f decoder intended for telephone qua ity 

for VHF Fhl rddin operation. hut leave 
a lot of rnom for improvement in H . E  
radio environments. 

The new AEA Model PM-I Packet 
Modem is designed to interface between 
vour rxistin TSC and your radio. 
30 internafmodkcations to vour 
TNC or rddio are necessary. T'he Phi-1 
contains inde ndent dual channel Ill- 
tering with .\.c, dettrtion for m i m u m  
sensitiuit! and selectititv under pour 
H.F. conditions. l'he l'%,I-l is optimized 
fnr .W hiud o ratitm. A shill hquency 
of 200 Hz or L? H) HI may he selected 
from the front panel. 

.4 frnnt panel bar p p h  tuninl; indicdtor 
is provided to a ~ s t  the user In reciw 

.' H.F. tuning of an incoming pac et 
radio signal. There is alsn a front panel 
squelch ru)ntrol (vark~hle IKD) pmided 
klr wnsiti\it~ adjustment under various 
noise condit~ons. .Just to make pour 
TNC as flexihle and useft11 as pnssihle, 
we have included two outpill radio 
cahles. Now you can switch between 
\'HF and HF ket operdtion hy sim I!. 1 pushing this E-l h ~ n t  panel s u i l r  . 
Enjoy Packet Radio to its fullest with 
the new AEA model Phl-l Packet 
hlodem. \a,'ork I)S on the low hands 
and monitor packet mail hnxes from 
the other side ot'the country. See the 
I'M-I at your favorite dealer nmv. 

Prices and Specific;l~ion* S~lhicct to Ch:lngc 
\Vithol~t Noticv or Ol>lic;~tinn. 

ADWCED ELECTRONICS APPUCATIONS, INC. 
P.O. Box C-n60, Lynnwaod, WA 98036-09l8 
TELEX: 6972496 AEA INTL UW / 

Suggested $21 9'' Amateur Net Price 

The AEA model PK-80 is a w i d ,  
tested, and calibrated version of the 
famous TAPR TNC-2 and comes with a 
one-year conditional AEA warranty. 

You can interface the PK-80 with 
any ASCII terminal or a personal 
computer and standard terminal 
software. The PK-80 is loaded with all 
the latest AX.25 version 2.0 software 
and advanced packet hardware 
circuitry that makes the TNC-2 the 
newest benchmark for cornparision. 

Compare the following as represen- 
tative of the advanced new features 
relative to the competition. 

Hardware HDLC for full duplex 
True Data Carrier Detect (DCD) 
for HF operation 
Operates with 300,1200,2400. 
4800, and 9600 baud terminals 
Five front-panel status indicators 
Multiple connect 
Connect check (poll final bit) 
fully implemented 
Connect AUTD response meswge 
Only three commands necessary 
for making standard contacts 
82 sofhvare commands pos9ible for 
the most demanding requirements 

Prices and Specifications Suhjea to  Ckdnge 
Without Notice or Ohligation. 

ADVANCE0 ELECTRONICS APPUCATIONS. INC. 
P.O. Box C-2l60, Lynmmod. WA 98036-W(8 
TELU(: 6972496 AEA IWTL UW 
1206) T15-7373 



IIvi8r ii 0011 rilri 1 1 1 1  I, 1'l;Ij 
0 5 200 MHI bdndw~dth 

19 dB qatn 
50 $1 tnioutput 
Increase sensttlvtty of receivers or 
counters 
Built, tested 8 ready-to-go 

ONLY 59.95 PPD I 

Measures trequcncy Iron 
MHz lo w ~ t h ~ n  I kHz 

Built-ln telescoptng 
'antenna 

Uses 1 standard 
9 volt battery 

All units pre-tested and 
callbraled to 001% 

Professional and dependat111 perlor- 
rnance at a low cosl 

ONLY 549.95 PPD 

I Please reserve m y  copy 01 me 1986 Duck Smim 
tototog I enclose $ 1  to cover shl~plng I 

I Norne . . . . . . . . . . . . . . . . . . . . . ( 
- 
I Address 

DKr PllllW ILECROIIKS INC I  PO^. 22.9 Paroon Clh CAV4063 
MRIIHING FOR 1Hf fLIClQONKS tN1HUSIASII 

720 FOR X-110 N-l 
730 OS(X)-SPO?.W.1000 
790 TL-TL-OSIX) 
750 NEXT 
760 PG-(TL/1000)/W 
770 PEM------.---CRLCULRTE BERM WIOTHS RND STRCKING 01STRNCES--------- 
780 BH-50.2709~PG1-.118Y091:5H-W~~2*~SIN~8H~2~.01711533~~~ 
790 Bu-66.511?~PG?-.617261:SU-Wl<~~~SINcBU~2~.Ol711533~~~ 
795 PC-INT(~7.8~~LOG~PG)/LOG~IO))+9.2~~lO00'.5S~/lOOO 
800 REn----------PRINT PRELlMlNRRY Onla---------------- 
810 PR1NT"CCLP)" 
820 PPINT" YCGI PRELIMINRRV DaTI':PRINT 
830 PPINT"FPE0UENCY ";f;" MHZ." 
8110 PPINT"W*UFLENGTH ". I N T ~ W ~ 1 0 0 0 0 ) ~ 1 0 0 0 0 : "  METERS" 
850 PPINT"* OF ELEMENTS ".N 
860 PPINT"0lCnFTER OF BOOn ".ED. " rllLLlnETERSM 
8'0 PPINT"ELEI:TRICCL BOOMLENGTH ".INT(TLI." nlLLlMETERSW 
ARfl PPINT"RnnM WaUFI FNGTHq .' PC 

920 PPINT"CC/IIN) STRCKING OISTRNCES" 
930 PPINT" HORIZONTRL ". PRINTINT~SH~1000*.55)/1000, PRINT" METERS" 
9110 PRINT" UERTICRL " PRINTINT~SU'1000*.55~/10OOD PRINT" METERS" 
950 PPINT"CC/ON)<CION)* PRINT-00 YOU WISH TO CONTINUE WITH THIS DESIGN Y-YE 
S N-NO' 
960 GET C S  If CS-"" GOT0 9 6 0  
970 IF R5-"Y" GOT0 1000 

990 GOT0 960 
1000 PRINT"CCLR1":NU-0 
lolo PRINT:PRINT*~OU ~ A Y  USE RNY OF THE FOLLOWING TUBING SIZES FOR THE ELE~ENTS- 
1Oi.O PR1NT:PPINT"SELECT THE SIZE CLOSEST TO R COIIIIERCIRL TUBE SIZE" 
1030 FOR X-IT0 16 ~ - -  

10110 NU-Nu11 
1050 PRINT". ":X;:PRINTTRB~l5~INT(((EL(X)~W~~1000~~1000*.55~11000; 
1055 PRINT'' n M - N E X T  
1070 PRINT"CC/DN)CC/DN)CC/ON>":PRINT~ENTER THE W OF THE TUBING SIZE YOU WISH TO 
USE": INPUT TSS 
1075 TS-URL(T5S) 
1080 IF TSCNU OR TS-NU THEN 1100 
1090 IF TSrNU THEN PRINT"CRUON1 ERROR CRUOF1":PRINT"HIT RNV KEY TO CONTINUE" 
1093 IF TS>NU THEN GET n s : ~ ~  as--- THEN 1093 
1096 GOT0 1000 
1100 TT-EL(TSI:TO(1)-TT~W~1000 
1110 PRINT"(CLR)":PRINT"STRND BY - THIS WILL TAKE R FEW SECONDS" 
1120 REM-------------LORD TUBING SIZE TRBLES---------- 
112s oIn ~ ~ ( 3 8 )  
1130 NS-"CURUEU:N2S-NSITSS 
1135 OPEN15.8.15 
11110 OPEN2.8.2. "0: "+NPS+",S.R* 
1150 FOR X-1TO 3 8  
1160 INPUT*?.TS(X> 

NEXT 
CLOSE2:CLOSElS:CLOSEB 
REM------------CRLCULATE ELEnENT LENGTHS------------- 
FOR X - 3  TO 112 
IF 1-1 THEN LE(X)-W.TS(X-2).1000 
IF 1-0 THEN L E ( X 1 - W ~ T S ( X - i . ~ ~ 1 0 0 0 1 B C  
NEXT 

1?50 IF 1-0 THEN LEC1)-LE(l)*BC 
1260 LE(2)-W*DR(TS).1000 
1270 IF 1-0 THEN LE(2)-LE(P)+BC 
1Z80 PRINT"<CLRJ" 
1290 PR1NT"PRESS RNY KEY WHEN PRINTER 15 REROY" 
1300 GET C S  IF as-'"' GOT0 1300 

. - - - , . , . . . . .. . 
1310 PRINTW4." YRGl DESIGN OETRILS: 
,,?n PP,NT,,+ -..-.-..--.-.--------.------------------------------------------- . . . .  - ~ 

PRINT*S."(C/ON)<C/DNI" 
GOSUB 5000 
PRINTWL~."OESIGN FREQUENCY: ";SPC(~~-RR);FS;- nnz.": 
PRINTI11,"WCUELENGTH. ":SPC(38-B8);WS;" METERS" 
PRINT*'l."NUnBER OF ELEnENTS: ":SPC(36-NN).NOS. 
PRINTW'i.''DlanETER OF BOOM: ";SPC<36-CC);BOS;" Mn": 
PRINT*11."OllMETER OF ELEnENTS.";SPCC37-00).TOS;" MM": 
IF 1-1 THFN PRINTW9." 'ELEnENTS aRE INSULFITEO FROM THE BOOM'" 
IF 1-0 GOT0 1393 
GOT0 1.100 
P R I N T W I '  'ELEnENTS ORE ELECTRICRLLY CONNECTED TO THE 800n"' 
PRINTW11,"ELECTRICRL Boon LENGTH: ";SPC(?B-EE);TLS." MM": 
PRINTW3,"BOOn WRUELENGTHS: ";SPC(32-FG);PGS: 
PRINT*'I,"MRXlMUM PRCCTICeL GIIN: ":SPC<30-FF);PR;" 080": 
PRINT*11."HORIZONTRL BECM WIDTH: ";SPC(29-GG);BHS;" DEGREES": 
PRINTI11.-UERTICRL BERM WIDTH: ";SPC(29-HH):BUS. " DEGREES": 
PRINT*3."HORIZONTRL STCCKING DISTRNCE:":SPCC30-1I):SH5:" METERS": 

11160 PRINTW'~; '"UERTICCL STRCKING OISTCNCE: '": SPC(30-JJ): SUS: '' METERS": 
11170 PRINTW11."(C/ON)<CION)" 
1380 PRINTMV, " ELERENT LENGTH, rm. DISTRNCE  FRO^ REFLECTOR, MM... 
1990 ppINTeY,"------------------------------------------------------------------ --- ,. 

15110 FOR X-3 TU N 
15115 PS-PS+SP(X-l)'W.1000 
1550 GOSUB 6000 
1560 PRINTW11,"OlRECTOR ~".X-2.SPC(13-~M-~N).LES(X),SPC(37-nM-NN),PSS 
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(continued o n  page 102) 

1570 NEXT 
1580 PRINTCY 
1590 PRINTCY:' ELEMENT SPACING IN MILLIMETERS " 
1600 pRINT#y,"----------------------------------------,, 
1610 PRINTNY 
1615 GOSUB 6100 
1620 PRlNTNY."REFLECTOR TO DRIVEN ";SPCC17-00);05S(l): 
1630 PRINTCY."ORlUEN TO OIRECTOR l";SPC(17-PP);DSSC2): 
16'40 FOR X-3 TO N-l 
1635 GOSUB 6200 
1650 PRJNTCL1,"OIR";X-2;SPCCY-MN);" TO DlR ";X-l;SPCC17-00-MD);OSSCX): 
1660 NEXT 
1670 PRINTNY:PRINTCY:PRINT*9.1 NOTES" 
1680 PRINTNY:PRINT*Y."l. THE OIMENSIONS RUE FROM CENTER TO CENTER IN RLL CRSES." 
1690 PRINTCY." FOR EXAMPLE THIS MERNS THE BOOM MUST BE CUT LONGER THRN THRT" 
1700 PRINTCY." GlUEN TO BE RBLE TO MOUNT THE ELEMENTS.'' 
1710 PRINTCY,"Z. IF YOU WRNT WlOE BRNDWIOTH. USE 1 FOLOEO DIPOLE RS THE ORlUEN E 
LE" 
1720 PRINTCY."3. THE DRlUEN ELEMENT DIMENSION IS THE LENGTH OUERRLL." 
1730 P R I N T C Y . " ~ .  YOU MUST WORK TO RN RCCURRCY OF <Inn nr FREOUENCIES RBOUE YOO n 
HZ. 
1790 PRINTN.I,-5. RCCURRCY BELOW YOO nnz snouLo BE WITHIN i . s ~ n . ~  
1750 PRINTCY."6. ELEMENT nOUNTlNG MUST BE BETTER THRN .5flM OF THE ELEMENT CENTER 

1760 PR1NT'CCLR)":FOR X-l TO 8:PRINTIY:NEXT 
1770 EN0 
1010 GOT0 1780 
IB~O~PRINT"CCLR)":PRINT:PRINT" THIS PROGRRM WlLL DESIGN" 
1625 PRINT" YRGf RNTENNRS WITH ANY NUMBER" 
1030 PRINT" OF ELEMENTS FROM S TO YO." 
1890 PRINT"CC/DN)CC/ONICC/ONI" 
1850 PRINT" THE PROGRRM 15 BRSED ON RRTICLES" 
1855 PRINT'' BY GUNTER HOCK AN0 PUBLISHEO* 
1860 PRINT" IN 'UHF. COMMUNICRTIONS'." 
1870 PRINT"CC/DN)CC/DNICC/ON)" 
1080 PRINT" YOU WlLL REQUIRE A PRINTER" 
1885 PRINT" TO OBTRIN USRBLE RESULTS.'' 
1890 PRINT"(C/DN)CC/ONl (RUON) PRESS ANY KEY TO CONTINUE (RUOFI" 
1900 GET RS:tF AS-""GOTO 1900 
1310 PR1NT"CCLRI" 
1920 GOT0 170 
1930 END 
5000 F-INT(F*100+.5)/100 
5005 FS-STRS(INT(F))+"."+RlGHTSCSTRS<F*100),2):AR-LENCFS) 
5010 WS-5TRS~INT(W~1000)/1OOO~:BB-LENCWS) 
5015 NOS-STR5CINT~N)~*".~'*RIGHTStSTRSCN~10~,1~:NN-LEN<NOSl 
5017 ED-INT(BD.10+.5)/10 
5020 BDS-STRS(INT~BO))*"."+RIGHTS~STRSCBD~lO),1>:CC-LEN~BDS~ 
5025 TD(I)-INT~TD(1)~100+.5~/100 
5030 TOS-STRS~INT(TO~l)~)+"."fRIGHTS(STRS~T0C1)*100),2~:DD-LENCTDS) 
SOYO TLS-STRS(INT(TL1):EE-LENCTLS) 
SOY2 PG-INT(PG~1000+.5)/1000 
5095 PGS-STRS~INTCPG))+"."+RIGHT5~STRS~PG*1000),3):FG-LEN(PGS) 
5050 POI-STRS(PR):FF-LENCPRS) 
5055 BH-lNTCBH~100+.5)/10O 
5060 BHS-STRS(INTCBH))+"."*RIGHTSCSTRS<BH~100),2):GG-LENCBHS) 
5065 BU-INT(BU~100+.5>/100 
5087 BUS-STRs~INT~BUl)+"."+RIGHTSCSTRS~BU~l00~.2):HH-LEN(BUS~ 
5070 SH-INT(SH~1000+.5~/1000 
5080 SHS-STRS(INT~SH~)+"."*RIGHTS~STRSCSH~1000),3):11-LENCSHS~ 
SOBS Su-INT(SU~1000*.5)/1000 
5090 Sus-STR5(INT~Su))*"."~RIGHTsCSTRS~SU~lO00~.3):JJ-LENCSUSl 
5095 LE(1)-INTCLECl).lO+.S)/lO 
5100 LESCl)-STRSClNT<LE~l~)~+"."*RIGHTSCSTRSCLE~ll~lO).l~:KK-LEN(LESC1)) 
5105 LE(21-INTCLE(2)~10+.S~/lO 
5110 LEs~P~-STRS(INT~LE~Zlll+".'+RIGHTSCSTRS~LE~Z)~10),1l:LL-LEN~LES~2)> 
5120 SPs~1l-STRs~lNT(SP(I)~W~1OOO)~*'o.'o+RIGHTSCSTRS~SP~l~~W~lOOO~lO~,l~ 
5130 LZ-LEN[SPS<l)) 
5200 RETURN 
6000 LE(X)-INT(LECX)*lO*.S)/lO 
6010 LESCX~-STRSCINTCLE(X)I)+"."+RtGHTSCSTRSCLE~Xl~lO),l):MM-LENCLESCX)~ 
6013 ELI-STRS(1NTCX-2)):MN-LENCELS) 
6015 PS-INT(PS.10+.51/10 
6020 PSS-STRS(INTCPS))+"."*RIGHTSCSTRSCPS51O),l):NN-LENCPSS~ 
6030 RETURN 
6100 OSC1)-INTCOSC1)~10+.5)/10 
6105 05SC1)-STRSC1NTCDS~1l))+~~."+RIGHTSCSTRS~DS~l~*lO~,l~:OO-LEN~OSSCl~) 
6110 OS(Z1-INT(OS(ZI~lO+.S)/lO 
6115 O5SC~)-5TRs~1NTCDS~2~)~r".~+RIGHTSCSTRS~DS<2~~1D),l):PP-LEN~D5S~2)) 
6120 RETURN 
6200 05(X)-INT(OSCX~~lO+.S)/lO 
6205 O5S(Xl-STRscINT~OSCX)))+".~*RIGHTS~STRS(OS~X)*lO~,l~:OO-LENCOSS~X~l 
6210 ELS-STRSClNT(X-2)):MN-LEN(ELS).:EBS-STRSCINT(X-l)):MD-LENCEBS) 
6220 RETURN 

RERDY. 

Ideal for Packet Radio 
1 

Invitation to Authors 

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

Teletype 
Motlel 4.3 

Sl')i.OO 
-on  - 
TI 745 
9165.0tI 

l iSR Tcrminuls 
ailh US-2.12 
scrinl 1.0 I 

W c  h:wc h111y rrr~,ntl~t~oncd hlodcl 43  'l~clcl!.pe 
:$nd l'cu, l!~~In~r~tc~~l~ 7.t5 tcn~~!tl:~I\ I h ~ t  II.!VC 
r.<rnr <,if I c ~ x  uld rrc nnu av:!iblrlc l o r  ~ntrnrJl- 
:II~ clcltvcv. 'll~c\e arc urll tna~nte~ncd utntr 
lum~\ltcd u.ith n 7 0  'I:!) rclurn 11) drpm wrrnltty. 

Huron I.catring, Inr. I-X00-572-6060 

A r I / 146 (31 2 )  690-0550 

I STUDY GUIDES 
AMECO STUDY GUIDES 
Designed lor VEC Exams 
AM1 C11 sludy G~iilles are laken from the FCC Ama- 
leu1 I xarn syllabus. PR-1035 and have answers 
keyed lo ARRL's recenlly teleased sludy material, 
These stud yu~des are compal~ble wllh ARRL and 
all other V ~ C  Exams Wh~le tlollltn can guarantee 
thal you w~ll pass. AMtCO Study euldes wrll make 
sure thal you are fully prepared and ready lo go 
when you s~t down lor the exam Wrltten In clear. 
concise, easy-to-read format. each questron fully 
exptalned. Nov~ce and General books cross reler. 
enced lo AMECO's 102 01 lor a more thorough 
explanallon 
27-01 Novice Class Sonbound S3.50 
12-01 General Clan Sonbound $4.95 
26-01 Advanced Class Sonbound $4.95 
17-01 Extra Class Sotlbound 54.95 
AM-1 Gel All Four $14.95 

ARRL Q&A LICENSE MANUALS 

ARRL OBA Llcense Manuals are keyed to the latest 
FCC Exam syllab~ now ~n use by me Volunleer 
Exam~ners These books are wrlnen In an easy lo- 
read conversatronal style Ihal ennances undersland. 
Ing w~fhout scarrng the student away All lrchnlcal 
subject areas are explarnpd In clear lermtnology and 
wrth plenty of lllustral~ons dlagrams and schpmatlcs 
Rules are also lully covered Each book has Ihe off1 
clal ARRL mullrple cholce quesllon Pool wtth 
answers and a key lo the FCC Exam syllahus lor 
relerence lo oth~r study publ~catlons These are Ihe 
study ~ U I ~ P S  lo have All books 1985 1st Ed1 
irons 
AR-TG General Sonbound S5.W 
AR-AG Advanced Sonbound 15 W 
AR-EG Extra Sonbound S5 00 
A R  SG Get All Thme $12 95 

MORSE CODE the essential language 
by L Peler Camn W3DKV 
Lrarnlng the Morse corlr IS one 01 Ihe m s l  drtbcull 
lasks lac~ng prospecllve new Amateurs Thls well 
wrrtten texl descr~bes In great delatl the backqround 
h~slow ol Morse code and how 11 relates to Amaleur 

I Radio' Full of helplul hlr11s and tips as well as lnlo on eou~oment, hrah soeed oDeraBon, dlstress calls 
and Ihe future Includes 7 lrarntng excerclses 

1986 lsl Edltlon 
AR-MC Sonbound 54.95 

Please add $3.50 to cover 
postage and handling. 
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NEW COMPUTER BOOKS 
YOUR C O M M O O O R E  64: A GUIDE T O  THE 
C-64 C O M P U T E R  
Y O U R  C O M M O O O R E  128: A GUIDE TO THE 
C-128 C O M P U T E R  
Thesr book,, i r l v i ) ~  III oreat detail the best selllng Com- 
modore C 6.1  nil 1: 118 home computers You et a 
colnplele ~tilr~iductton tu the operating sylems u s e d . \ ~ ~ .  
IC tulor~als, qraphlcs, sound and much more Also dls. 
cussed are h;!rllware and per~pheral cons~deral~ons The 
C-128 book covers C-64 emulat~on. extended memory. 
CP/M mode. Inlouse, ram d~sk, prlnlers and modems 
Excellerll source books lor hcglnners and experts al~ke 

1985 1st EditIan 
IOS.CM 464 pages Sonbound $14.95 
10S.Cl28 480 pages Sollbound $14.95 

Buy'em Bolh Special Rag $29.90 
OS-C Save $4.95 $24.95 

MS-DOS USER'S GUIDE 
by Chris OeVoney 
MS-DOS compl1li.r users wlll find thts handbook to be 
an essent~al ;trlrl~l~on lo thelr computer library Includes 
a lull explanat~url of MS-DOS commands In clear, con- 
clse langitage ;and examples of command syntax Hlnts 
on command usage and explanattons 01 the h~erarch~al 
directory and I10 redlrecl~on w ~ l l  enable you to gel maxl. 
mum b ~ n e l ~ l  lrom your compuler lnveslmenl For novlce 
and experl users 1984 1st Edlllon 330 pages 

OUE-061 Sonbound 519.95 

PC SECRETS: TIPS FOR POWER 
P E R F O R M A N C E  
by James Kelly 
Here !, oi~t. ul tl~ose unheralded gems we stumbled upon 
recrntb, lh15 1111ly book IS lam-packed wlth Ideas and 
suggesl~ons on lhow lo get more oul 01 your PC-DOS or 
MS DOS c~~niputer Not a tutorial. more lor the lnlermedl- 
ale usrr who IS lookrng to get more speed and elflclen- 
cy Improve your keyboard. enhance your display. 
organlze your Illes, arld manage your prlnter better than 
ever belore You'll be amazed at what thts book can add 
lo your PC Also covers Lolus 1-23  and Wordslar 
1985 ISI Edtllon 224 paqes 

0s-PCS Sollbound $16.95 

APPLE I1 USER'S GUIDE. Apple Plus and 
I1 series 
by Poole. McNun and Cook 
All tltlie Apple I1 besl seller1 Now available in updated 
thlrd edltlon Learn lrom Ihe experts how to gel the most 
Iron1 your Apple home computer and perlpherals. You 
also gel a complele explariat~on on llow lo use DOS 3 3 
arid Pro-DOS Easy-to-use tulorlal explanallon ot BASIC 
programmlrig w~ l l  teach you how lo use all the sound 
and qraplilcs capab~lllles a5 well as the Apple Ile hlgh 
resolul~un qraph~cs Tlils book IS worth 11s we~qhl In gold' 

I985 1st Edlllon 512,pages 
'0s-UG Sonbound $18.95 

We're really pmud o l  the next two booksl Ooug 
was Jlm Fisk's right hand man during Ihe early 
seventies. His f in1 computer book. The Introduc 
l ion to TURBO Pascal, quickly wen1 best seller. 
The TURBO Library is an invaluable addition to 
TURBO user's libraries. 

I N T R O D U C T I O N  TO TURBO PASCAL 
by Ooug Slivison WAlKWJ (ex Ham Radio assistant 
editor) 
Ttlult\.lnds have learned Pascal programming wlth this 
pu11111;ir bps1 seller As a tutor~al thts hook enhances the 
untqur aspects o l  Turbo Pascal by corlcenlraltng on the 
exlended appl~catlons capab~l~t~es ollered Includes graph- 
ICS, look-op tables. word processor lo typeserltrig equlp. 
men1 conversion lables TTS lo ASCII convrrslon and 
lasl sorUsearch roullnes 1985 l s l  Ed~llon 268 pages 

SY-269 Sonbound $14.95 

TURBO PASCAL LIBRARY 
by Ooug Stivison WAIKWJ 
Pprtrcl r:ompl~menl loth? lurbo Pascal lntroductlon book 
Iislerl ahovp Sl~v~son shales hrs exlenslve cnllectlon 01 
prrtven proqram\ and w~l l  sdve exper~pnced proqrammers 
llme and illuslrale lo beqtn~iers good proqraninllng tech. 
nlques and Turbo verslons 01 slandard algolllhlms In- 

! cludes games. system5 utll~lies, atid roullnes lo1 buslness 
and enqltleerlnq allpllcallons 1986 Is l  I d~tlon 350 
pages 

SY.330 Sonbound $14.95 

I Please Enclose $3m l o  cover 
sh~pplng a n d  handl ing 

HAM R A W ' S  BOOKSTORE 
Greenville, NH 03048 

* Interference Locatlo UHF Coverage 

* Stuck Microphones !nterface 

* * 
* Security Monitoring * 12 VOC Operation 

.- 

h ~erts a n y  ' an 
a I ) , ,  rautu I ~nder. S i n ~ ~ z ~  pnug IIUU I C ~ C ~ V C V  a alllcllna 
a,., ,,.,,,,,, ,,,,,,r j a c k s .  U.,,, ,.,.,. dmnidirectional a n t e n n a s .  Low noise, high 
s e n s i t i v i t y  f o r  w e a k  signal d e t e c t i o n .  Call or w r i t e  f o r  lull d e t a i l s  and 

5540 E. Charter Oak, 
Scottsdale, AZ 85254 (' 

151 

: VHF and 

. r-.".r..+s, 

: Speech S 
. ~ 

l i n g )  con! 
d i r e c t i o n  f 
cnc In, 8. r 

iology (p: 
3oppler sl 
z.1 c.nnz.Cn 

r /  148 

76 n September 1986 

prices. 

02) 998-1 JPLER I IS, INC. 



RF connectors: part 1 
Though the subject of RF connec- 
tors has been mentioned here many 
times, time and scheduling have not 
permitted a detailed discussion of this 
seemingly simple and straightforward 
subject. 

I often hear Amateurs make all kinds 
of wild claims, or see them distribute 

er - with relative ease. They're also 
used to gain access to a specific unit. 

The proper choice of an RF connec- 
tor type is particularly important when 
considering frequency of operation, 
passing high level RF power, or con- 
necting to a low-noise preamplifier. It's 
also necessary if you're using a modu- 

lies; standard, miniature, and subminia- 
ture. Standard connectors are for 
cables that are larger than 0.25inches in 
diameter. Miniatureconnectorsfit cable 
measuring between 0.10 and 0.25 
inches. Subminiature connectors are 
sized for cables measuring less than 0.10 
inches in diameter. 

misinformation on the subject. These lar approach. Proper connectors per- 
stories typically involve power han- mit convenient access to a unit so that RF 'Onnector series 
dling, impedance matching, and inser- 
tion loss. Also, many Amateurs seem 
unaware of the many types of connec- 
tors - besides the so-called "stan- 
dard" or preferred types - that are 
available. These same Amateurs would 
probably also wonder why so many 
types are required. 

This all reminds me of the story circu- 
lated in the early 1950s, just after the 
transistor was invented. The general no- 
tion was that all possible applications 
could be accommodated by the de- 
velopment of just a few types of transis- 
tors! Today there are over 10,000 types 
of numbered transistors, and new ones 
are becoming available weekly! 

While there aren't nearly as many ser- 
ies of RF connectors available as of tran- 
sistors, there surely must be almost as 
many types of distinctly different RF 
connectors and adapters available. 
Therefore, this month's column will 
serve as sort of a primer, in which we'll 
try to sift through the major series of RF 
connectors. Next month's column will 
expand on the various tradeoffs, espe- 
cially in thearea of applications. Tables 
will help put the whole selection of RF 
connectors in perspective and, I hope, 
help makeselection easier in the future. 

overview 
RF connectors are designed to join 

or separate two components or units 
- such as an antenna and a transceiv- 

adjustments can be made without dis- 
assembling or disturbing the circuit un- 
der test. 

The actual choice of an RF connector 
depends on many things: application, 
availability, relative cost, electrical per- 
formance, mechanical durability, and 
environmental conditions. The choice 
of an optimum RF connector for a spe- 
cific application, therefore, isn't always 
possible. Trade-offs are often 
necessary. 

Furthermore, connectors are availa- 
ble in many forms. They may be thread- 
ed, bayonet, snap-on, or push-on. They 
may also be used on standard coaxial 
line, TriaxT" (cable with two separate- 
ly isolated braidsfor maximum shielding 
effectiveness), or TwinaxTM (for con- 
necting to 95-ohm balance line such as 
RG-22). The connector may be male, fe- 
male, or neither. 

An RF connector may be used either 
to terminate a transmission line, an in- 
series or between-series adapter, a 
panel mount, or feedthrough. What's 
the method used to attach to the con- 
nector to the line? Is it a solder connec- 
tion, screw-on, push-on, or crimp type? 
Is the center pin free-floating or captive? 
Or is it fabricated from the actual trans- 
mission line center conductor itself, 
such as with RG-17 and UT-141 semi- 
rigid coax. 

Basically speaking, RF connectors 
can be separated into three main fami- 

Table 1 is a list of most of the major 
series in common use, along with some 
technical data. More data will be provid- 
ed in next month's column. 

The UHF connector was theforerun- 
ner of most of the modern RF connec- 
tors. Developed in the mid-1930s, it was 
inexpensive and easy to assemble and 
use. I t  quickly becamean industry stan- 
dard. The most common types used by 
Amateurs are the PL-259 plug and the 
SO-239 chassis mount. 

Unfortunately the UHF connector 
series doesn't have a constant im- 
pedance and is therefore usually limited 
to  500 MHz and below; in fact, I 
wouldn't recommend using UHF con- 
nectorsabove 150 MHz. What's more, 
it's not weatherproofed and therefore 
can't be recommended for outdoor use. 

Connector development was spurred 
on by radar and VHF communications 
gear designed during W W  II. Later 
progress resulted from the development 
of more demanding applications, espe- 
cially at the higher microwave and 
millimeter-wave regions. 

The type N connector - supposed- 
ly named for its inventor, Paul Neill of 
Bell Labs - was one of the first 
developed for both the VHF and UHF 
frequencies. Its most significant contri- 
bution to the state of theart was the ad- 
dition of the separate outer contact, 
which wipes against the female body 
jack. 
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Table 1. This table contains some of the more pertinent parameters of the major series of RF connectors in 
common use. 

Type Outer diameter Impedance Thread size Maximum 
typical (inches) Ohms (inches) Frequency 

APC-3.5 0.312 50 1/4-36 34 GHz 
APC-7 0.880 50 11 164-24 18 GHz 
BNC 0.568 50 or 75 N A 4 GHz 
C 0.750 50 NA 10 GHz 
EIA 1 to 7 50 Note 1 Note 1 
F 0.500 75 3/8-32 500 MHz 
GR 0.812 50 N A 4 GHz 
H N 0.875 Note 2 3/4-20 10 GHz 
JCM 0.312 50 1/4-36 4 GHz 
LC 1.500 Note: 2 1 1/4-18 1 GHz 
LT 1.500 50 1 1/4-18 1 GHz 
MHV 0.562 Note 2 NA 50 MHz 
N 0.825 50 or 70 518~24 11 GHz 
RCA Phono 0.375 Note 2 NA 30 MHz 
S C 0.812 50 11 164-24 11 GZHz 
S M 0.312 50 1/4-32 200 MHz 
SMA 0.312 50 1/4-36 12.4 GHz 
SMB 0.250 50 or 75 NA 4 GHz 
SMC 0.250 50,75.95 10-32 10 GHz 
SSM 0.250 50 10-36 26 GHz 
TM 0.425 50 51 16-32 10 GHz 
TNC 0.625 50 7/16-28 10 GHz 
Triax 1.000 Note 2 7/8-20 10 GHz 
Twinax ,875 78 to 125 several 200 MHz 
UHF ,750 Note 2 5/8-32 300 MHz 

Note 1. Depends on diarneter. 

Note 2. May be used at 5 0  to 75-ohm impedances if rnatchinq is not a problem. 

The N connector has a constant im- 
pedance and is usable toat least 11 GHz. 
Its gasket seals were later improved 
along with the braid clamp, making it an 
excellent choice for outdoor use. 
Amateurs usually prefer the UG-21 and 
UG-58 plug and jack, respectively. One 
caution: N connectors are sometimes 
made for 70-ohm impedances. To ac- 
complish this, the diameter of the center 
pin is very small. Inserting a 50-ohm 
male connector into a female 70 ohm 
type will break the receptacle pin. Also, 
if a 70-ohm male "N" is inserted into a 
50-ohm female N connector, there may 
be no electrical contact. I've seen these 
70-ohm N connectors at flea markets, 
so beware. If you're not sure, compare 
the pin diameters with a known 50-ohm 
connector. 

The type C connector, developed by 
Carl Concelman, is similar to the N con- 
nector. It was the first connectorto use 
the bayonet-lock mating system so that 

it could be easily connected or discon- 
nected. Though it's not as popular as 
the N connector, it's usable toat least 10 
GHz. 

Usable to 4 GHz, the BNC connector 
- quite popular with Amateurs, espe- 
cially in theVHFand UHF region - has 
a bayonet-lock. Its name is said to der- 
ive from its developers, Neill and Con- 
celman; hence its name, BNC, for 
(Blayonet, (Nleill, and (C)oncelman '. 
The UG-88 plug and the UG-290 chas- 
sis jack are the most common BNC con- 
nectors seen in Amateur equipment. 
BNC connectorsare sometimesavaila- 
ble as75-ohm connectors; the cautions 
about "Nu type connectors apply to 
BNC connectors as well. 

TheTNC, an improved or "threaded" 
version of the BNC connector, has a 
more positive contact on the body and 
hence is recommended over the BNC 
connector, especially above 500 MHz. 
It's rated up to at least 10 GHz; a preci- 
sion version is rated to 12.4 GHz. 

Widely distributed by the Omni Spec- 
tra Manufacturing Corporation, which 
called it an "OSM" connector, the 
SMA connector is now manufactured 
by many companies. This connector, 
defined as a miniature type, is popular 
on UHF and above, especially where 
low-loss, constant impedance, and 
small size are required. 

The SMA connector was primarily 
developed to mate with 0.141 -inch 
semi-rigid metal jacketed cable2. In the 
early 1970s, the E.F. Johnson Company 
introduced the JCM connector, a 
lower-frequency version of the SMA 
connector which is specified to 4 GHz 
and also mates with RG-174 miniature 
flexible cable. This low-cost connector 
is very popular in UHF applications. 

SSM subminiature connectors were 
designed later. Primarily suited for 
0.085semi-rigid coax, these work up to 
26 GHz. Improved SSM connectors will 
work up to 40 GHz! 

The SMB and SMC connector series 

78 September 1986 



is primarily used in video and IF equip- 
ment, where small-diameter flexible ca- 
bling isused. The SMB is threaded; the 
SMC is a push-on type. Both are rela- 
tively inexpensive; SMC is the more 
common of the two, especially on mili- 
tary equipment. 

The APC 3.5 is the ultimate in preci- 
sion. Resonance-free through 34 GHz, 
it will mate directly with the SMA con- 
nector series. 

The APC-7 is an expensive precision 
connector used primarily for 0.250-inch 
semi-rigid coax. It's a hermaphrodite, 
which making it an excellent connector 
for instrumentation. 

An EIA connector is very unusual in 
that it doesn't have a threaded or bay- 
onet connection. Instead it consists of 
body and moveable flange that's bolted 
to the mating connector. It's primarily 
used on air lines, where low- 
loss, high-power 718 to 6 1 /&inch lines 
such as on Heliax (TM) are used. 

The inexpensive "F" connector is 
popular on CATV installations, espe- 
cially for connecting units together with 
RG-59-type 75-ohm cable. Usually a 
crimp-type, it often uses the center wire 
of the cable for the center pin. Unfor- 
tunately, it 's not rugged, wea- 
ther-proofed, or very usable above 
about 300 MHz. 

General Radio Corporation designed 
the GR connector primarily for instru- 
mentation - hence its initials. A her- 
maphrodite push-on type connector 
most commonly seen as the G-874 or 
GR900 types, it's especially good on 
patch panels and where equipment 
must be frequently connected or dis- 
connected. 

The HN connector is basically a 
larger-diameter offshoot of the N con- 
nector with a higher voltage rating. It's 
primarily used with large-diameter (71 16 
to 718-inch) cables when breakdown 
voltages up to 5000 volts are required. 

LC and LT connectors are large and 
very similar. They're usually seen where 
high voltages or high power are re- 
quired. Often used with RG 17-type 
coax, both of these connector series use 
the mating cable with its dielectric as the 
center portion of the connector. 

The MHV connector may at first 

appear to be a BNC connector, but 
that's where the similarities end. The 
MHV is primarily designed to handle 
high voltages (up to 5000 volts) with a 
quick connect/disconnect capability. 
This feature isespecially useful forhigh- 
voltage power supplies for tube type 
amplifiers, as described in reference 3. 
The MHV is seldom used for passing 
RF. 

Nornlally I wouldn't even mention 
RCA phono connectors, except that I 
often see them on older commercial 
gearthrough 500 MHz! They're definite- 
ly not recommended for RF use above 
30 MHz because they have no specific 
impedance properties. They're best 
suited for audio and control circuits 
where shielded cables are required. 

The SC connector, a screw-on ver- 
sion of the C connector, is often used in 
applications requiring higher voltage 
than the C connector can handle and 
where environmental conditions are 
more severe. 

The S M  connector isn't too com- 
mon. It's not weatherproofed and is 
recommended only for IF work. It may 
be used at different impedances if 
match isn't important. 

A subminiature version of the SMA 
connector, the SSM is primarily used 
where the smallest possible size and 
highest possiblefrequency are required. 

TheTM series isn't often seen. Basi- 
cally, it's a 213 size version of the TNC 
connector sometimes seen on IF con- 
nections. 

The Triax and Twinax connector 
seriesare used when balanced linesare 
required. The Triax type allows a cable 
with two insulated shields to be used. 
The Twinax connector provides for 
superior shielding. Some Twinax con- 
nectors are polarized, while others are 
not. They're popular on video transmis- 
sion and computer installations. 

adapters 
So far we've been discussing only 

coaxial connectors such as plugs, jacks, 
andchassistypes. But other RFconnec- 
tors function as adapters, both within 
and between series adapters. 

There may be as many different R F  
adapter types as cable connectors. The 

If possible let us know four to SIX weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule. Just remove the mailing label 
from thrs magazine and affix below. 
Then complete your new address (or any 
other correct~ons) ~n the space provided 
and we'll take care of the rest. 

ham 
Allow 4-6 weeks for radio correct,on. 

Maaazine 

Thanks for helping us to serve you better. 
r--\ f - -  

1 ( ; LABEL 
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HAM DATA 
C-64 Software 

SUPER LOG 
Super Ing glves you all the advantages 01 a com- 
puter12ed data base wlthout signiflcantl changlng the 
trad~t~nnal log format. For contesters. {uper Log can 
be configured to ellher manually or automatically 
enter contact number as well as t~me ol contact 
Make an error and you can easlly go back and edit 
the entry Super Log also allows you to prinl out 
errher selected contents or rhe whole log. Wlll prinl 
OSLS. 

HD-SL (For C-64) 519.95 

CONTEST LOG 
T ~ I S  d~sk contalns tour dilferent contest programs. 
ARRL Sweepstakes. F~eld Day. Universal WW Contest 
log, plus a dupe checklng routine. Each program 1s 
des~gned for real brne use. It automaOcally enters 
date, tlme, band and serlal number for each contact. 
A 24-hour clock is displayed at the top of the VDT 
screen. When Ihe conlest IS over, the program will 
prlnl your results listing all duped and scored con- 
tacts In serlal sequence wlth all the necessary ~nlor- 
matlon as well as completed score at the bonom of 
the page 
4 IHD-CL (For C-M) $24.95 

MASTER LOG 
Over three years of development went into this pro. 
gram It creates a file 01 2103 lnd~v~dual records 
wlth up to 13 dilferent entrles per record Master 
Log can do a search and select based upon tlme. 
Irequency. mode or any ol the other vanable 
parameters. It keeps track of DXCC and WAS stabs. 
prlnts OSL labels and can search 11s whole f~le In 
less than 5 seconds' Complete docurnenlat~on IS 
~ncluded to help you learn and use thls truely state. 
olLthe-art logq~ng program. 

HD-ML (For C-M) $28.95 

Pleas enclose S3.M lor shlpplng 

HAM RADN'S BOOKSTORE 
Greenville, NH 03048 

- 
This publication is 
available in microform 

from University 

Pleesnannd ~nlnrmnlmn nhut  lhrss lilles. 

Name 

Crrrnp~nyllnslilelian 

Addresr 

Cll" __ 
Slate? Zip 

Phonc! I 
CHU h1U.lroeR00.521.3044. In Mtrh,yan. 
Ali~rki* t,nd I4i$anu call mll~r.1 311-781-4700. Or 
mall nnrlwrv I,,. llnlversllr ~~~cru l ' i lmr  Inlcrnallonal. 
ROO Nollh 7 ~ e h  Rontl. Ann Arhar. MI 48106. 

most common ones are probably the 
female-to-female or male-to-male bar- 
rells for connecting cables together in 
the same series. Between-series adap- 
tersare also common. Right-angle and 
"T" types are popular since they allow 
flexibility when you want to hook simi- 
lar connectors together. 

It's particularly important to choose 
the proper adapter. I often see installa- 
tions with two or even three adapters 
placed in series even though there's a 
single adapter available that will make 
the connection. The loss through each 
adapter isabout two to three timesthat 
of a normal connector. 

Your best bet is to choose a single 
adapter with the desired transition be- 
tween series. Flea markets seem to have 
just about every ,imaginable type. If 
you're in doubt, bring one of your con- 
nectors along and check the fit. 

Be particularly careful when using 
adapters outdoors. The moreadapters 
used, the more likely it is that moisture 
will seep into one of the connections. 

next month 
Next month's column will go further 

into the mechanical and electrical 
aspects of connector design and use. 

Tips on proper use will also be given. 
This information should aid in your 
choice for the optimum connector for 
your application. 
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Important VHFIUHF Events: 
Sept .  6 ~ 7  lr~ren~ational Region 1 VHF 

Contest 
Sept .  12  EME perigee 
Sept .  13-14 ARRL VHFQSO Party 
Sept.  26-27 FIrst ARRL 10 GHz Cumula- 

tlve Contest, first weekend 
Oct .  4 - 5  Mid-Atlarrtic States VHF 

Conference, Warni~nster, 
PA fcontact WAZOMYI 

Oct .  4 ~ 5  International Region 1 
UHFISHF Cor~fest 

Oct.  7 EMEperigee 
Oct.  10 1 1  F~rsf ARRL 10 GHz Cumula- 

five Contest, secor~d 
weekend 

Oct .  2 0  Predictedpeak of the Ori- 
onids Meteor Shower at 
1645 UTC 

Oct .  25126 lr~ternarional EMF contest, 
first weekend 
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SSTV, FAX. OSCAR, PACKET, \ R n Y ,  EME. LASERS, TVRO, 
or COMPUTERS, you need 

"THE SPEGCOM JOURNAL"" 
NOW IN OUR l8TH YEAR OF SEl 

~- 

Aished 10 Tim 
Per Year 

Bv WBQIQCD 

CALL TOLL-FREE 1-800-628-2828 ext. 541 
, ... and place your subscription order today! Our membership Services 

HOTLINE is good for all 50 U.S. States including Hawaii & Alaska and ALL of 
CANADA! U.S. subscriptions $20 per year. Foreign slightly higher. A Master Ar- 
ticle Index Special Issue is available for $3.00 postpaid. 

THE SPEC-COM JOURNAL 
P.O. BOX H, 

IDEN, IOWA 522 LOH 
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7 MILLION TUBES 

FREE CATALOG 
Includes all Current. Obsolete, An- 
tique, Hard.To-Find Receiving, 
Broadcast. Industrial, RadiolTV 
types. LOWEST PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
KO. Box 213 

Elizabeth, NJ 07206 I/ 1M 

COLLINS 
KWM-380 

Plpo Commun~ca- 
tlons Has The Key 
b a r d  Thal Is Used I 
W I I ~  T ~ P  Colhns 1- 5 ~ 1  -1 4 
KWM-380 For 
Rcmole Enlry 

KEYBOARD-MOUNTING FRAME 6 SHIPPING 125 I 
TO know mare about our Touch-Tone' Encoders. 

CALL OR WRITE FOR FREE CATALOG 6 
INFORMATION GUIDE 
Plpa Cammun~callons 

P.O. Box 3435 . Hollywood. CA 90078 
2131852.1515 ' A T 1 1  

E-X-P-A-N-D I 

IN STOCK- T H E  L A R G E S T  S E L E C T I O N  OF C A V I T I E S .  D U P L E X E R S  
A N D  FILTERS A V A I L A B L E  F O R  I M M E D I A T E  D E L I V E R Y  ! 

Improve and expand your 
communications performance w ~ t h  rellable 
Telewave High "O" Cavltles. Duptexers. 8 
Fillers. Telewave Cavlttes are Ideal lor use In 
frequency.congested areas, where protecllon 
is requlred from transmllter ~nterlerence. 
spurlous radlat~ons. and recelver desensltlzatlon. 

Bandpass, Bandpaas Band Reject. 
6 Notch Cavltles 

30 to  50 MHz and MI t o  MI MHz, 
S~ngle. Double and Triple Cavllles 
~n 5". 6'. 8". and 10" dlamelers. 

MI to MI MHz and 118 to 174 MHz 
S~ngle, Double and Triple Cavllles 
I" 5". 8'. 10'. and 12" dlamelers. 

220 to 400 MHz and 408 t o  512 MHz 
Single. Double and Trkple Cavrt~es 
In 4". 5'. 6'. 8'. and 10" dlarnelers. 

808 t o  960 MHz and 1.1 t o  1.3 GHz 
S~ngle Cav~lces available In 
4'. 6".  8"  diameters. 

When frequenc~es are spec~lied. 
all cavllies are tuned prior lo shtppung. Telewave 
quality cavllies are engoneered lor slablllly In 
lemperalure and stress extremes, and requlre 
no further adluslments. 

0 8 1  Number 00KI~AOSOO46 

Telewave, Inc. % (41 5) 9684400 

1155 Terra Bella Ave., Mountain View, CA 94043 
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1 - r o t a r y  ~nductor 281th 
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2 - var~able capacitors 23-208 pf 3500 v rms BOX 411 H 

OPTIONS- Greenvllle. NH 
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low-cost spectrum analyzer 
with kilobuck features 

Build WA2PZ01s 

useful instrument 

for operating position 

and lab bench 

Although laboratory-grade spectrum analyzers 
cost $4500 or more, you can build a spectrum analy- 
zer offering many features of its costlier cousins for 
about $50. How can such amazing capabilities be had 
at such incredibly low cost? 

Through the use of a commercially mass-produced 
varactor tuned TV tuner that covers the VHF low, VHF 
high, and UHF TV bands. It will tune down through 
the 2-meter and Bmeter Amateur bands without 
modification, with better than I-microvolt sensitivity. 
By using a crystal-controlled converter and a narrow- 
er IF filter, any one of the HF Amateur bands could 
be viewed as well, by simply upconverting to a TV 
channel. 

Through the use of consumer-grade integrated cir- 
cuits in the oscillator/mixer, dual ceramic filter, IF am- 
plifiersldetector, and audio amplifier (offering audio 
as well as scope output it is really a spectrum monitor). 

Through the use of your own oscilloscope. Just 
about any scope may be used; I used a 1951 Heathkit 
Model OL-I with its original cathode ray tube. 

spectrum analyzer applications 
Spectrum analyzers allow the user to observe in real 

time an adjustable/variable bandwidth of radio fre- 
quencies. One of the earliest spectrum analyzers for 
the ham bands was the "Panadaptor," manufactured 
by Hallicrafters in the early 1950s. I used one to check 
for F2 propagation 6-meter band openings in the 
mid-1950s and credit the panadaptor with my earning 
the IARU 6-meter WAC award (phone) issued by the 
ARRL. 

The band of frequencies swept by the spectrum 
analyzer described in this article may be varied from 
zero up to about 38 MHz on VHF low TV = 50 MHz 
- 88 MHz, zero up to about 85 MHz on VHF high 
TV = 135 MHz - 220 MHz, and zero up to about 300 

MHz on the UHF TV = 500 MHz - 800 MHz. When 
the sweep width is set at zero, each of these bands 
of frequencies may be manually tuned just as in a 
single-frequency receiver. Both wideband FM and nar- 
rowband FM signals, and surprisingly, even amplitude 
modulated signals are detected quite well by the FM 
IF ampldetector IC and amplified by the audio IC. 

Figure 1 is a block diagram of this spectrum analy- 
zer using a Sanyo varactor tuned TV tuner. A ten-turn, 
lOk pot with + 35 VDC across it is used to adjust the 

1 center frequency of the tuner. A low varactor bias 
yields low frequency and a high varactor bias provides 
higher frequency on the TV band to which the tuner 

1 is set. The sawtooth sweep voltage that is capacitive- 
ly coupled into the tuner's varactors is the horizontal 
sweep voltage from the oscilloscope. If your scope 

, doesn't have the horizontal sweep output (the Heathkit 
OL-I does not), just mount an RCA phono jack on the 
front of the scope and bring out the horizontal sweep 
from the scope's horizontal multivibrator to this point. ' The 100 kilohm load across the horizontal sweep out- 
put should have little or no effect on the scope's 
operation. 

Besides the TV tuner and scope, the rest of the cir- 
cuit consists of only three integrated circuits. The 
second mixerloscillator chip is a Siemens S042P. The 
ceramic filter is a Murata SFJ two-section filter at 10.7 
MHz. The combination IF ampldetector1AGC amp is 
a National LM-3089N, and the 112-watt audio amp is 
a National LM-386N. 

construction, testing, and alignment 
Figure 2 is a schematic of the analyzer. A printed 

circuit board is available from WA2PZO; I recommend 
using this and WA2PZO parts kits. (Although the pots, 
S-meter, and speaker aren't furnished, most are avail- 

I 
able from Radio Shack.) Figure 2A shows the com- 

I ponent layout on the WA2PZO printed circuit board 
1 (foil side down). Alternatively, you could use perfboard 
I and point-to-point wiring. 

Figure 3 is a schematic diagram of the interconnec- t tions between the Sanyo tuner, the three-IC printed 
I 

circuit board, and the scope. Once everything is con- 
nected as shown in fig. 3, alignment can begin. (It 
should be easy, since there are only four adjustments, 

By Robert M. Richardson, W4UCH, 22 North 
Lake Drive, Chautauqua, New York 14722 
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the ferrite cores in L1, L2, L3, and L4.) 
With all the parts on hand - and assuming you're 

using the PCB - assembly time is at most an hour 
or two. I tuned up my unit using only a grid dip meter 
as a signal source in about 20 minutes. 

Construction of the PCB proceeds as follows: 

1. lnstall the jumper at the lower edge of U3 as illus- 
trated in fig. 2A. 
2. lnstall the 11 resistors as shown in fig. 2A. 

3. lnstall the 16 capacitors as indicated in fig. 2A. 
Since C6 and C7 are electrolytics, be sure to observe 
the polarity indicated in fig. 2A. 
4. lnstall the Murata ceramic filter, FLI. Because it's 
symmetrical, it can be installed in either direction. 
5. 1 recommend carefully installing sockets for U1 
(16-pin DIP), U2 (8-pin DIP), and U3 (14-pin DIP). 
6. lnstall L1 through L5, carefully bending the pins 
slightly so that they fit easily into the PCB's pre-drilled 

R2 
I - F  T U N l N Q  

I 2 0  
+12v 

S -, zi[@ 8 5 10 .7MHZ . 

2 

U I  
S O 4 P P  

I I I - 
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C-- 
-- C 2  

6 10 / 
I B  

C- 

9 - C 4  - 
14 I 2  3 3 r y  - 

m 
-- C 3  

13 F-7 

- 
Except as tndicated, dselmal 
ralvss 01 capacitance are in micro- 
larads (,,F); others are in p#colar- 
ads IpFJ: resistances are In ohms. 
I = 7.OW M = l,W0.000 

fig. 2. Schematic of WA2PZO spectrum analyzer. 
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fig. 1. Block diagram of WAZPZO spectrum analyzer. 
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SWL's: Are You Plagued By 

Meet the Eliminator. 
Don't let ~tssmall d~mens~ons (4"x3"x2") fool you-the Crove 

Minituner Ill is a b ~ g  weapon agalnst Images, ~ntermod and 
phantom signals on your shortwave rece~ver! 

This short wave/long wave pre-selector i s  designed to boost 
performance In the 100 kHz-30 MHz frequency range. I f  you 
own one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED th~s extra 
measure of selectivity. 

No power required. Simply connect between your receiver 
and antenna. Equipped for standard PL-259 connections. Only 
$39 (free UPS shipping; '5 U.S. Mail/Parcel Post). Order TUN-3. 

/+ Grove 140 Dog Enterprises Branch Road MC, V~sa or COD call: 

Brasstown. N C 28902 1-800-438-8155 
++e4+4+4++++++e++ 

Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 

boosting accessories and literature. 
Call (704) 837-9200 or write lo above address for free catalog' 

BRAND NEW - JUST RELEASED HOT OFF THE PRESS!!! 
GET * * * CONNECTED to Packet Radio 

by Jim Grubbs, K9EI 

Beginners' guide to Packet Radio operation. 
~acketcornmunications isoneof the hottest subjects in Amateur Radiothesedays. Notedcom- 
Juter author Jim Grubbs, author of the Commodore Ham'sCompanron and Command Post, has 
~ u t  together one of the first books on how to get on Packet Radio. Packet basics are fully dis- 
:ussed in a step-by-step manner. Subjectsatsocovered are: selectingaTNC. setting up your 
:omputer. Packet organizattons and publications, protocol, networking. Packet answering ma- 
:hlne. file transfers. accessories and more! 1986 208 pages. t st Edition. 

I JG-PR Softbound $12.95 
Also available The Commodore Ham's Companion. Order code JG-CC. $1 5.95. 

and Command Post. Order code JG-CP. $9.95. 
Please add $3.50 lor shopping and handltng 

Ham Radio's Bookstore 
Greenville. NH 03048 
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ado Ul ( $ 1  l werl or Hockrec) per anlenna lor UPS rhtpplng 

2 6 4 way pwmr d l v l d e ~ ,  complete arnytnal laMe 
2316PAIinear Amp I s ~ n  18w out 1296MHz 13 5'41245 
2335 PA I.#nenr Amp low 8 0  36w uul 12516 MU1 13 5 V  $295 
~ n ,  ,wOp 55 lo! UPS Blue - 48 stale 
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And MAST ADAPTERS 
TOWER gWrn 
ACCESSORfES _ 
Iry 

BEAM MOUNT 

Sfandoll 18853 
NEW FREE CATALOG NOW AVAIUI ILE 

& IIX EOUIPMENT LTO 
P 0 Box 9 Oaklawn. IL 601% 

1312) 423 0605 

J 156 

Want to 
Advertise in 
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Call Rally Dennis 
(603) 878-1441 
today for more 
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L 

fig. 2A. Component layout on the WASP20 printed circuit board (foil side down). 

holes. Because L5, the 150 1H inductor, is symmetri- 
cal it can be installed in either direction. 
7. Most important: lubricate the small ferrite cores of 
L1, L2, L3, and L4 with a drop or two of WD-40 before 
attempting adjustment. These cores are extremely brit- 
tle; use a plastic or nylon tuning tool matched to the 
width of the ferrite slots (using a metal one will guar- 
antee their destruction). 
8. If you're not using a 200-1A S-meter, install a jum- 
per from 'A' to ground. 

Testing and alignment proceed as follows: 

1. Connect the TV tuner's VHF input to your 2-meter 
antenna. 
2. Set the VHFIUHF switch to the VHF position. 
3. Set the HiILo switch to Hi. 
4. Make sure the top of the ferrite core in L1 is exact- 
ly even with the top of its shielded housing. 
5. Set the squelch control to zero and adjust the 
volume control for a slight hiss from the speaker with 
the gain control at maximum resistance I10 kilohms). 
6. Set the width control (sawtooth sweep from scope) 
to zero. 
7. Connect a voltmeter to pin 10 of the TV tuner 
(varactor input). Use the +30-volt voltmeter range 
(adjust the center frequency 10k-turn pot so that 
varactor bias is below + 30 VDC). 
8.Turn the center frequency pot slowly down (reduc- 
ing varactor bias voltage) until a local TV video carrier 9. Peak the ferrite slugs in L2 and L3 for maximum 
is both heard on the speaker (buzz) and seen on the signal output on the scope. 
scope. If no N stations are nearby, use a signal gener- 10. Continue tuning the center frequency pot until a 
ator with modulated output or a grid dip meter. TV audio signal is found, then adjust L4 for maximum 

,.,"dl< 6 ,  D , " . r , . r . , n p r ~ , . r  
. O 5 < @ r ,  ..%I., .... ..I. I" Ohm. . *om u lemma 

(I- OHM 
S P E A K E R  

fig. 3. Schematic showing interconnections between 
tuner, printed circuit board, and oscilloscope. Note: +35. 
+ 20. and + 12 VDc sources are regulated supplies. 
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audio output and minimum background noise from the 
speaker. 
11. Though each varactor tuned TV tuner will have 
somewhat different voltage versus frequency re- 
sponse, see fig. 10 to see the response we obtained 
using a Sanyo varactor tuned TV tuner. 

Figure 4 is a photo of our finished spectrum analy- 
zer. The tuner and PCB are mounted on top of a 2 

fig. 5. VHF 1owTV band with horizontal sweepamplitude 
set to maximum. 

VIDEO AUDIO Q 
fig. 6.8-MHz horizontal sweep width. with channel 2 vid- 
eo signal at left and channel 2 audio at right. 

x 5 x 9-inch (5 x 13 x 23 cm) aluminum chassis. The 
PCB is mounted on 112-inch (1.3 cm) threaded stan- 
doffs. Left to right, the five pots are: volume, squelch, 
center frequency, sweep width, and tuner gain. The 
two mini-toggle switches on the right of fig. 4 are 
VHF-UHF (top) and VHF LOW-VHF HIGH (bottom). 
On the rear of the chassis are six RCA phono jacks: 
+35 VDC for tuner center frequency; +20 
VDC for tuner; + 12 VDC for oscillator/mixer, second 
IF amps, U3 audio amp; horizontal sweep from scope; 
vertical output to scope; and audio output to the 
8-ohm speaker. 

operation 
Now the fun really begins. For antennas, I used my 

two 23-element Cushcraft 2-meter "Boomers." (NO, 
I don't bounce signals off the moon with them, but 
I can work into 2-meter repeaters in Toronto, some 
125 miles away. My QTH is on the south shore of 
Chautauqua Lake, some 65 miles southwest of 
Buffalo; because of this distance, and the presence 
of a range of hills about 300 feet (90 meters) high be- 

fig. 4. Completed spectrum analyzer: IAl front. I61 rear. ICI top. tween Buffalo and Chautauqua, TV signals aren't par- 
fl 
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ticularly strong. Nevertheless, all the TV channels on 
both the VHF low TV and VHF high TV bands were dis- 
played on the first try. Both thevestigial sideband video 
signal and itsaccompanying FM audiosignal were clear- 
ly displayed for each channel. 

Figures 5 through 10 are sketches of the oscillo- 
scope display in the noted modes of operation. (Os- 
cilloscope cameras cost about $300; 1 chose not to add 
one to my $39.95 Heathkit scope.) 

Figure 5 shows the VHF low TV band with the 
horizontal sweep amplitude set to maximum. Each TV 
channel pair displayed (video and audio) is noted. The 
height of each signal is proportional to signal strength; 
some Canadian TV stations really pack a wallop even 
though they're 125 miles away. 

Figure 6 illustrates about 8 MHz horizontal sweep 
width (left side of CRT to right side of CRT) with the 
video signal of Channel 2 on the left and the audio 
from Channel 2 on the right side. 

Figure 7 displays the sweep width reduced to about 
2 or 3 MHz with the center frequency set to Channel 
2's video carrier. Note the blanking and vertical sync 
pulse riding on top of the carrier. 

Figure 8 is the Channel 2 video carrier with the 
horizontal sweep set to zero. The blanking pulse with 
the vertical sync pulse on top is on the left side. The 
eight squiggles to the right of the vertical sync pulse 
on top of the blanking pulse are the color burst; all 
the hazy, wavy signals to the right are the video in- 
formation. The top of the vertical sync pulse 
represents 100 percent modulation and the bottom ot 
the video information represents the white level of vid- 
eo at about 15 percent modulation. 

Although some scope photos or sketches show 100 
percent modulation at the bottom, I prefer it at the 
top. If you insist on having it at the bottom, simply 
turn the figure upside down and view it in a mirror. 

Figure 9 illustrates the 2-meter band with horizon- 
tal sweep representing about 3 MHz. The left side of 
the CRT is at 145 MHz and the right side of the CRT 
is at 148 MHz. Spread between 146 and 148 MHz, we 
can see about six 2-meter repeaters located in the 
Buffalo and Toronto areas. 

Figure 10 is a plot of varactor tuning voltage versus 
frequency on my SanyoTVtuner. The 10-turn, 10-ohm 
pot used for setting the varactor voltage is an absolute 
"must" for fine tuning. 

By reducing the sweep width to zero and single- 
signal tuning across each band, I was able to copy the 
audio on the VHF TV low band from the following sta- 
tions: WGRZ-TV (Channel 2, Buffalo) WPSX-TV 
(Channel 3, Rochester), WIVB-TV (Channel 4, 
Buffalo), CBLT-TV (Channel 5, Canada), and CTGN- 
TV, (Channel 6, Canada). On the VHF TV high band 
we copied audio from air-to-ground and air traffic con- 
trol stations; 2-meter repeaters in western New York 

and the Toronto area; commercial FM pagers; Toronto 
Coast Guard marine weather on 161.775 MHz; the 
Erie, Pennsylvania, weather bureau on 162.40 MHz; 
the Buffalo, New York, weather bureau on 162.55 
MHz; WKBW-TV (Channel 7, Buffalo); WROC-TV 
(Channel 8, Rochester); CFTO-TV (Channel 9, 
Canada); CFPL-TV (Channel 10, Canada); CHCH-TV 
(Channel 11, Canada); WICU-TV, (Channel 12, Erie); 
and CKCO-TV (Channel 13, Canada). On the UHF TV 

fig. 7. Sweep width reduced to about 2 or 3 MHz with 
center frequency set to channel 2's video carrier. 

fig. 8. Channel2video carrierwith horizontal sweepsetto 
zero. 

i 

fig. 9.2-meter band with horizontal sweep representing 
about 3 MHz. 
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Fig. 10. Varactor voltage versus frequency (will vary 
from tuner to tuner). 

VHF low band 

voltage frequency MHz 
0.5 50.00 6-meter band 
2.0 55.25 channel 2 video 
3.5 59.75 channel 2 audio 
4.0 61.25 channel 3 video 
6.0 65.75 channel 3 audio 
7.0 67.25 channel 4 video 
9.5 71.75 channel 4 audio 

13.5 77.55 channel 5 video 
17.1 81.75 channel 5 audio 
20.1 83.25 channel 6 video 
34.8 87.75 channel 6 audio 

VHF high band 
0.5 135.00 air to ground 
1.0 144.00 2-meter band 
2.0 148.20 commercial paging 
4.0 162.55 Buffalo weather 
6.5 175.25 channel 7 video 
7.6 179.75 channel 7 audio 
7.9 181.25 channel 8 video 
9.0 ' 185.75 channel 8 audio 
9.3 187.25 channel 9 video 

10.6 191.75 channel 9 audio 
11.0 193.25 channel 10 video 
12.3 197.75 channel 10 audio 
13.0 199.25 channel 11 video 
14.7 203.75 channel 11 audio 
15.2 205.25 channel 12 video 
17.5 209.75 channel 12 audio 
19.0 211.25 channel 13 video 
25.5 215.75 channel 13 audio 

band we copied about six TV stations from Channel 
17 through Channel 26, including a French language 
Canadian TV station. The Sanyo TV tuner is one super 
little box with excellent sensitivity - i.e., much bet- 
ter than 1 microvolt. All these stations were copied 
using only 2-meter antennas. 

other uses 
Once you become accustomed to using it, the spec- 

trum analyzer is probably the greatest trouble-shooting 
aid since Volta invented the voltmeter. With the proper 
probes, attenuators, and converters it can be used as 
an RF voltmeter; as a signal tracer in transmitters and 
receivers; and for transmitter alignment, harmonic 
measurement, deviation measurement, oscillator in- 
jection measurement, IF alignment, and spurious radi- 
ation measurement, to name but a few of its 
applications. If you want to dig deeper, Cushman Elec- 
tronics (2450 North First Street, San Jose, California 
95131) publishes a neat little book entitled Using The 
Spectrum Monitor Priced at $7.25 (postpaid), it's easily 
understood by the average Radio Amateur. 

acknowledgement 
I wish I could claim authorship for this unique 

design, but credit goes entirely to my friend, Murray 
Barlowe, WA2PZ0, who not only created the design 
but has generously made a partial kit of parts, TV 
tuner, and printed circuit board available to Amateurs 
at virtually his cost. 

For more information send an SASE to Murray 
Barlowe, WA2PZ0, P.O. Box 393, Bethpage, New 
York 11714. Once you try it, you'll never understand 
how you got along without it. ham radio 
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substituting 
part I: using 
at  hand 

transistors 
resources 

Every Amateur who spends at least 
some time at the workbench repairing or 
building electronic equipment will even- 
tually need a transistor that's not on 
hand - and perhaps not even available. 
In some cases, the type number will be 
found in one of the standard transistor 
replacement catalogs. In other cases, 
well . . . you're on your own. 

Although the subject of transistor 
substitution is one that's been talked 
about to the point of exhaustion among 
hams, serious problems continue to 
reappear. The tips given in this two-part 
series, while most appropriate to the 
types of transistors normally used in 
Amateur Radio equipment, are also ap- 
plicable to a variety of other situations 
as well. 

The main premise is that we are ser- 
vicing Amateur Radio equipment that 
once worked properly and then failed. 
While much of what isdiscussed isalso 
applicable to construction projects, 
construction project debugging is 
something of an arcane art and is thus 
not suitable for general, too-broad 
guidelines. I can recall several projects 
over the years that depended for proper 
operation on selected parameters of 
specific transistors, and wouldn't even 
work with all otherwise-working ver- 
sionsof thesame "2N" numberdevices. 

There are even cases on record in 
which only those devices made by cer- 
tain manufacturers will work properly in 
thecircuit. (Ancient history note: those 
of us whogo back tovacuum tubedays 
recall a very costly ham receiver that 
would retain its "frequency meter" dial 

calibration only when RCA tubes were 
used for the local oscillator; there are 
transistor equivalents to that situation. 1 
Asa result, we must limit our consider- 
ation to repair of working - and, one 
would hope, properly designed - 
equipment. 

exact replacements 
The easiest way to obtain a replace- 

ment solid-state device that will install 
easily and operate correctly is to order 
it from the original equipment manufac- 
turer or an authorized distributor. As 
we're all painfully aware, however, this 
is not alwayseither possible or practical. 

industry-standard type 
numbers 

If the defective transistor has a stan- 
dard "2N" type number, then you just 
obtain a replacement device with the 
same number, without regard to brand 
name. Unfortunately, some "Original 
Equipment Manufacturer" (OEM) tran- 
sistors aren't marked with these stan- 
dard numbers. They often have a house 
code number that's meaningless to any- 
one except the manufacturer. Some- 
times the house number is created 
because the transistor is specially select- 
ed from others for the same "2N" ser- 
ies, so only a similarly tested device will 
work properly in the circuit. In some 
cases, the house number is used be- 
cause it suits the manufacturer's inven- 
tory control system; in other cases, 
manufacturers simply want to ensure 
replacement parts business. 

crossover guidelines 
Crossover guides, which would seem 

to be a nearly perfect source of replace- 
ment numbers, should be used when- 

ever possible. But there are gremlins 
that can pop up unexpectedly. Theoret- 
ically, the cross-matching has been 
done in advance by the use of an "infal- 
lible" computer. When we follow those 
recommendations, however, we some- 
times find that suggested replacements 
have insufficient power or voltage rat- 
ings, too narrow a bandwidth, a differ- 
ent physical shape that would cause 
mounting or space problems, or differ- 
ent mounting dimensions that would re- 
quire modification of the chassis. Many 
of these discrepancies occur because 
the crossoversare compiled from print- 
ed lists that sometimes contain errors. 
It's an open secret that the recommend- 
ed substitutes are seldom tried in any 
kind of equipment or circuit, so it's best 
to test the reasonableness of any selec- 
tion by looking at the crossover device's 
specificationsand comparing them with 
what you know about the circuit and its 
requirements. 

During my years in the electronic 
service business, it was my policy to 
return, along with a note of explanation, 
any crossover transistors that either 
didn't work properly or would require 
major reworking of the chassis or rewir- 
ing of the circuit. If everyone did this, 
manufacturers might take the hint. The 
economic impact of a service shop's an- 
nual semiconductor purchases makes it 
easy for them to obtain refunds on bad 
crossovers; unfortunately, Amateurs 
rarely have such clout. 

Another problem has nothing to do 
with electrical specifications, but rather 
with proper identification. In some 
cases it's relatively easy to guess the re- 
quired transistor type. But what if two 
manufacturers have each accidentally 
assigned the same designation to two 
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fig. 1. Typical transistor derating curve. 

completely dissimilar devices? It's not 
likely that a crossover guide will solve all 
such problems, though some do ac- 
commodate such ambiguities. 

I remember one case yearsago where 
I needed a replacement for a Delco Elec- 
tronics DS-25. Now, the DS-25 has 
been around for about20 yearsasan RF 
amplifier, IF amplifier, and converter 
replacement in Delco-General Motors 
car radios. The DS-25germanium tran- 
sistor was packaged in a "smaller-than- 
TO-5" case. Unfortunately, a small hi- 
fi manufacturer also used the DS-25 
designation for a medium-power PNP 
germanium power transistor in a TO-3 
case. One crossover guide I consulted 
at that time listed the TO-3 type without 
noting that it wasn't the Delco part num- 
ber, even though it was listed among the 
various Delco "DS-Series" type 
numbers. 

Remember the old rule from high 
school math: Things equal to the same 
thing are - you hope - equal to each 
other. Or, if A =  B, and B = C, then 
A = C. We can use this observation to 

make crossover selections. Further- 
more, we can use this technique in at  
least two additional ways. First, we can 
look up the device needed to find the 
replacement type number. For exam- 
ple, suppose a 2N5xxx is found in the 
Zotch Electronics Crossover Guideasa 
"ZE-234." We can look for other "2N" 
series devices also equal to ZE-234 and 
use one of those. 

This method isespecially useful when 
crossing house numbers to 2N num- 
bers, which is our second way to use the 
"A = C" theory. Suppose that your 
Wombat Thunderbolt VI transceiver 
uses a transistor with the part number 
"8501234" Well, theZotch guide calls it 
a ZE-234. By looking over the "2N" ser- 
ies columns in the Zotch Guide To 
Replacement Things, you find that a 
2N5xxx is also equal to a ZE-234. 
Chancesare good that the Wombat en- 
gineers selected the 2N5xxx and then 
relabeled it "8501234." It may not be the 
exact transistor, but it'sa fair bet that it 
will work unless the8501234 isa special- 
ly selected2N5xxx. ( T h e r e a r e  no guar- 

PIN Rat ing Each M a t c h  Pr 
MRF412,IA BOW 18.00 45.00 
MRF421 Q 100W 22.50 51.00 
MRF422' 150W 38.00 82.00 
MRF426,IA' 25W 18.00 42.00 
MRF433 12.5W 12.00 30.00 
MRF449,IA Q 30W 12.50 30.00 
MRF450,IA Q 50W 14.00 31 .OO 
MRF453,IA Q 60W 15.00 35.00 
MRF454,IA Q BOW 15.00 34.00 
MRF455,IA Q 60W 12.00 28.00 
MRF458 80W 20.00 46.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 Q 90W 16.75 37.50 
SRF2072 Q 65W 13.00 30.00 
SRF3662 Q l l O W  25.00 54.00 
SRF3775 Q 75W 14.00 32.00 
SRF3795 Q 90W 16.50 37.00 
C D2545 50W 23.00 52.00 
SO1487 Q lOOW 36.00 76.00 
2SC2290 60W 15.00 36.00 
2SC2879 Q lOOW 25.00 56.00 
0 Selected H ~ g h  Garn Matched  Ouads Avarlable 

VHFIUHF TRANSISTORS 
R a t ~ n g  MHz Net Ea M a t c h  Pr 

MRF212 10W 136.174 $16.00 - 
MRF221 15W 136.174 10.00 - 
MRF222 25W 136.174 14.00 - 
MRF224 40W 136.174 13.50 32.00 
MRF237 4W 136.174 3.00 - 
MRF238 30W 136.174 13.00 30.00 
MRF239 30W 136.174 15.00 35.00 
MRF240 40W 136.174 18.00 41.00 
MRF245 80W 136.174 28.00 65.00 
MRF247 75W 136-174 27.00 63.00 
MRF260 5W 136.174 7.00 - 
MRF261 10W 136.174 9.00 - 
MRF262 15W 136.174 9.00 - 
MRF264 30W 136.174 13.00 - 
MRF607 1.75W 136-174 3.00 - 
MRF641 15W 407.512 22.00 49.00 
MRF644 25W 407-512 24.00 54.00 
MRF646 40W 407.512 26.50 59.00 
MRF648 60W 407.512 33.00 69.00 
SO1441 l5OW 136-174 74.50 170.00 
SO1477 lOOW 136.174 32.50 78.00 
2N3866' 1W 30-200 1.25 - 
2N4427 1W 136.174 1.25 - 
2N5591 25W 136-174 13.50 34.00 
2N6080 4W 136.174 7.75 - 
2N6081 15W 136.174 9.00 - 
2N6082 25W 136.174 10.50 
2N6083 30W 136.174 11.50 24.00 
2N6084 40W 136-174 13.00 31.00 

MISC. TRANSISTORS 6 MOOUL ES 
MRF134 $16.00 SAV6 $32.50 
MRF136 21.00 SAV7 30.00 
MRF137 24.00 S10-12 13.50 
MRF138 35.00 2SC1075 25.00 
MRF140 89.50 2SC1307 5.00 
MRF150 89.50 2SC1946A 12.00 
MRF172 62.00 2SC1969 3.00 
MRF174 80.00 2SC2221 10.00 
2N1522 7.95 2SC2269 20.00 
2N4048 7.20 2SC2289 22.00 
NE41137 3.50 2SC2312C 4.00 
2N5590 11.00 2N5945 10.00 
2N5642 14.00 2N5946 13.00 

Selected. matched t~na ls  for Icom. Atlas. YaeSu. Ken- 
wood. Cub~c .  TWC,etc. Techn~cal asststance and cross- 
reference on CD. PT, SDXRF and 2SC PINS 

Ouant~ty parts users - call for quote 

WE SHIP SAME DAY C.O.D.IVISAIMC 
Min~mum Order- Twenty Dollars 

(61 9) 744-0728 
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Read what our 
- -  - - -  subscribers it's in the fine say! print 

-Your magazine LT the finest innovation that I have seen in ham radio since 
1953 - except maybe the all-solid state transceiver Carl Soltesz 
Twelve more, please Ed Shaughnessy Love the articles on Tunex-Sinclair 
computers A. Nieuwenhoff, Sutton, MA have most certainly 
recerved my moneys worth in software Michael Regan, KIWRB . 
information contained UI the articles has made me more "computer literate" 
than would have been possible reading only publications dedicated to my 
particular computer Donald H. Haisccher, WSMHR, Martinsburg, 
WV Here d is renewal tvne already - -  time sure passes fast when you are 
having fun (reading CTM). Bob Sirekis, Holly Hill, FL ... thank 
your for a great magazine Frank Dav~s, Peru, IN . Another year goes 
another subscrrption dollar well spent R. P. Campbell, LaPIace, 
CTM and you have found the way to an advertisers heart Qualily of 
publication and reasonable advertising rates are baric criterla you hove 
achieved better than your competdion But what really sets you apart f rom 
others is empathy, a tde fu l  quality in which you excell while others can't 
even pronounce the word. Bob Harris Sr., BCD Electro, 
Richardson, TX ...y ou have found a nice niche for CTM in packet ... 

have me getting interested Charlie Curle, AD4F Chattanooga, 
N The cketlcomputer info convinced me to subscribe. John 

Skubick, K S ~  Enclosed is my check for renewal of my subscription. I 
enjoy the down to earth and homey style o your magazine and the many 
fine computer articles Andy Kosiorek, ~ a k c v o o d ,  OH I w a  both 

U.S.A. $18.00 1 Yr 
$33.00 2 Yr 
$48.00 3 Yr 

Mexico & 
Canada $32.00 1 Yr 
All Other 

pleased and dismayed upon becoming acquainted with your magazine at HAM- 
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antees, however. You still have tocheck 
specs and make an educated guess). 

mobile problems 
Up to this point, the problems of ob- 

taining suitable replacements for tran- 
sistors in mobile rigs are identical to 
those of home-based rigs. But there's 
one special problem that's more serious 
in mobile applications: environmental 
heat. 

One car manufacturer became con- 
cerned about the excessive number of 
failures in his first all solid-state car ra- 
dio models (circa 1962) and decided to 
invesiigate the possibility of passenger 
cabin heat as the culprit. The company 
asked its electronics plant employees to 
leave their car doors unlocked for one 
day. During that day of 90-degree 
weather, the engineers measured the 
temperatures inside many of the closed 
cars and were surprised to find that the 
average reading was 160 degrees F on 
the seat and 180 degrees behind the 
dashboard. 

derating the specs 
Published transistor power ratings 

are usually specified at room tempera- 
ture, generally accepted to  be 25 
degrees C (77 degrees FI. If transistors 
are used at higher temperatures, as in 
mobileapplications, then the maximum 
collector dissipation (in watts) must be 
reduced to prevent extrafailureswhich 
could occur even when all the electrical 
specifications are fulfilled. 

A typical derating curve is show in 
fig. 1. Notice that a transistor having a 
collector dissipation of 550 mW at 25 
degrees C can safely dissipate only 375 
mW at65degrees (142degrees Fl. This 
explains why a transistor that'soperat- 
ing below its maximum published wat- 
tage rating could be destroyed by using 
it in a hot car. Watch for such hazards, 
especially if you attempt to use "five- 
for-a-buck" bargain-basement replace- 
ments in which the collector dissipation 
rating was "optimistic." 

beyond crossmatching 
Often the numbers on a bad transis- 

tor seem meaningless. There's no way 
to crossmatch and you can't locate an 

OEM replacement from the equipment 
maker. Thenext stepis tofinda univer- 
sal replacement from one of the many 
convenient sources. To do this, you 
have to become an electronic detective 
and find out the following thingsabout 
the transistor: 

Is it a silicon or germanium type? 
Is it a PNP or NPN? 
What is the gain (alpha or beta)? 
What frequencies must it amplify? 
What are the collector power dissi- 
pation requirements? 
Are there any special mechanical 
mounting requirements? 

Once you've answered these ques- 
tions, you can makea satisfactotyselec- 
tion from most any brand of universal 
replacements. 

silicon or germanium? 
Silicon transistor junctions measure 

higher DC resistances than germanium 
junctions. In fact, silicon transistors 
usually read "open" on all measure- 
ments except with baselemitter and 
baselcollector forward biasing polarity. 
If even one junction remainsintact on a 
blown transistor, then you can tell 
which material it is by comparing read- 
ings with those of known types in the 
size and power category. 

Forward bias voltages for all stages 
other than oscillators (and certain pulse 
circuitsused in videoequipment) should 
be 0.2 to 0.3 volts for germanium tran- 
sistors and 0.5 to 0.7 volts for silicon 
transistors. Check the schematic, or 
another of the intact junctions (orasimi- 
larly numbered good transistor in thecir- 
cuit) to see which voltage levels are 
found. Theanswerwill tell you whether 
to look for Ge or Si transistor replace- 
ments. 

PNP or NPN? 
When the collector voltage is more 

positive (or lessnegative) than theemit- 
ter, then the transistor is an NPN type. 
If the collector is more negative (or less 
positive) than theemitter, then thetran- 
sistor is a PNP type. Most schematics 
give these voltage readings. On the 
other hand, you can measurethecollec- 
torlemitter voltages accurately enough 

for this purpose, right in the circuit in 
most cases. 

Even if only one junction of thedefec- 
tive transistor is intact, you still car1 de- 
termine the polarity by using the 
ohmmeter. If you obtain a normal low- 
resistance diode-type reading with the 
positive ohmmeter lead on the base and 
the negative lead on the collector or 
emitter, then it's an NPN type. If you 
must reverse the leads to obtain a low- 
resistance reading, the transistor is a 
PNP type. This measurement must be 
made with an old-fashioned VOMl  
VTVM or a modern digital meter with a 
"diode" or "high power" ohmmeter 
function. 

next month 
Next month we'll look at thefrequen- 

cy response of the selected transistor 
and certain mechanical considerations. 

ham radio 
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DX FORECASTER 
Garth Stonehocker, K0RYW 

equinox season DX 

Even though this is a sunspot mini- 
mum year, and the sun's activity has 
decreased, an occasional energy burst 
(flare) or increase in the solar wind 
causes a geomagnetic field distur- 
bance. We experienced these pheno- 
mena in February and May of this year, 
and it's likely that we'll have another in 
September or October. Whenever they 
occur, you can expect them to affect 
your DXing. 

Geomagnetic disturbances, or 
storms, affect propagation - and DX 
- in three ways. First, particles from 
the sun entering the auroral zone at 50 
to70degrees North and South latitudes 
come down into the ionospheric D and E 
regions, increasing signal absorption. 
This results in weak east-west path 
signals and few transpolar signals. 
Second, the particles form a reflective 
curtain along the equatorial side of the 
auroral zone (for those of us in North 
America, this issouth), enhancing VHF 
auroral scatter propagation. Six-meter 
openingsto Europeareone result of this 
phenomenon. Third, the F region of the 
ionosphere (for U.S. stations, this is 
south of the auroral zone) hasa depleted 
area of electrons that form an electron 
density trough. The maximum usable 
frequency (MUF) for paths through this 
area decreases by 30 to 40 percent. 
(Tables of MUF statistics were present- 
ed in this column in January, 1986.) 

However, still further south at f 20 
degreesfrom the geomagnetic equator, 
an equivalent-sizeenhancement of the 
F region occurs, resulting in evening 
Trans-Equatorial (TE) openings during 
theequinoxand winter seasons. These 
three effects vary in intensity and time 

on a short to long basis (seconds 
through hours), causing what weexper- 
ienceasfading and blackout. Theseef- 
fects continue to occur each night for 
two to three days before ionospheric 
equilibrium is re-established. The larg- 
er the geomagnetic storm (the higher 
the value of the K or A indicies), the 
closer to the equator these effects 
occur. 

Just as the particle density and speed 
of thesolar wind vary, sodothecharac- 
teristics of the geomagnetic field and 
ionosphere. Ionospheric variation 
causes signal reflection focusing and 
defocusing, which simply means that 
the signalsarriving at your QTH will vary 
in both strength and angle of arrival. 
Some directions and locations you 
haven't heard from in a long time may 
suddenly be workable. 

last-minute forecast 
The higher-level 27-day sunspot ac- 

tivity may push the maximum usable 
frequencies up during the first and last 
weeksof September, giving better lo-, 
12-, and 15-meter DX. September 
marks the beginning of the return of 
transequatorial one-long-hop propaga- 
tion for the winter season; during some 
evenings, it will probably be useful for 
DX. Its effect will be enhanced by an 
equinoxial increase in geomagnetic dis- 
turbances, which are more probable 
near the end of the second week and 
into the third. 

The lower bands will experience less 
QRN caused by weather storm frontal 
thunderstorms passing through. But 
the geomagnetic disturbances will have 
greater effect on these bands; lower 
MUFs will occur on east, west, and 
north paths. Signal strength variability, 

QSB, isalsoassociated with thedistur- 
bances. Listen carefully for new, un- 
usual DX openings at these times. 

A full moon will occur on September 
26th and its perigeeon the 12th. Theau- 
tumnal equinox will be on the 23rd at 
0759 UTC. No significant meteor show- 
ers are expected this month. 

band-by-band summary 
Six meters may have a few sporadic 

E openings around local noon, but don't 
count on them this last month of the 
season. 

Ten, twelve, and fifteen meters 
should provide a few short-skip open- 
ings and many long-skip openings to 
most southern areas of the world, espe- 
cially if there is any solar flux increase 
during the daylight hours this month. 
Some of these openings will result from 
transequatorial propagation, mainly 
during disturbed conditions. 

Twenty, thirty, and forty meters will 
support propagation from east, west, 
and north areas of the world during the 
daytime and into evening hours almost 
every day. Distances to 2000 miles via 
long-skip or some short-skip Es to 1000 
miles per hop are usual. 

Thirty, forty, eighty, and one-sixty 
meters are all good for nighttime DX. 
The bands will be open in the east soon 
after sundown, swing toward the north 
and south about midnight, and end in 
the Pacific areas during the hour or so 
before dawn. The time-and-frequency 
stations in England and Hawaii make 
good band monitors. On some nights 
these bands will be as good as they are 
during the winter DX season; on others, 
QRN may be a problem. Distances will 
be a little shorter than those mentioned 
above. 
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products 

RS 232-compatible 
computer interface units 

Trio-Kcnwood Comnl~~nicat ions has  an^ 

nounced the release of RS 232 compatible com- 
puter interface units for the TS-440s. TS-940s. 
TS-711A, and TS-811A transceivers. 

Two units are required to control the Iran 
sceivers: the IF~232C level translator and the ap- 
propriateplug in computer interfacemodule. The 
TS~440S requires the IC-lochipset: theTS 940s. 
the IF-106; and the TS-711A or TS-811A. the 
IF 10A. 

All digital functions on the transceivers -  in^ 
cluding VFO tuning. RITIXIT, memory input and 
recall, andvoicesynthesizer activation - are con^ 

trollable.. Programming is simple; one program 
should work with several rigs. 

Thesuggested retail pricesare IF~232C. $49.95: 
IF-lOA/IF10-6. $41.95: IC-10, $22.95. 

A simplified sample program will be available 
from Kenwood dealers. Write to Trio-Kenwood 
Commtrnicatiions, 11 11 West Walnut Street. 
Comnton, California 90220. for information. 

PCB kits from Kepro 
A new line of Kepro pre-packaged materials 

and kits includes the following: 
a standard manual resist etched circuit kit for 
producing basic PC boards: 
a photo-reversing kit for making line negatives 
from artwork prepared on transparent film or 
reversing negatives to positives: 
an immersion tinplating kit to improve solder 
ability by depositing 0.00001 inch of tin on the 
oxide-free copper surface of etched PCBs: . photo-resist etched circuit kits. basic artwork 
or master photo layout kits, screen printing 
or nameplate kits. 
In  addition. Kepro also offers KeproClad," for 

the production of industrial quality, negative act 
ing dry film photo-sensitized PCBs. KeproClad 
is available with foil on one or two sides, in sizes 
ranging fronl 4 x 6 through 7 x 12 inches, and 
is priced as low as $3.50. 

For details, contact Kepro. Inc., 630 Axnlin 
ster. Fenton. Missouri 63026. 

Circle T507 on Reader Service Card. 

New computer-based 
instruments from Heath 

Models IC-4802 and ID-4850osc1lloscopes from 
Heath Company are designed to work with per 
sonal computers. 

The lC.4802 Digital Oscilloscope is a sophisti- 
cater1 interlace that attaches to an IBM PC 
compatible computer and is available In kit form 

or assembled. This interface turns an IBM PC 
compatihleconiputer intoa full featured 50 MHz 
dual trace oscilloscope that allows full control of 
thescope from the keyboard of thecomputer, har~ 
nessing the computer's computational abilities. 
With the IC 4802, oscilloscope waveformscan be 
collected and stored on disk for later recall. The 
digitally stored waveforms may be printedout on 
the computer's printer. 

The ID-4850 Digital Memory Oscilloscope is an 
interface that may be used with either a personal 
computer or a5MHzor greaterbandwidthoscil~ 
loscope that has the ability to trigger from an ex 
ternal source and triggered sweep. Used with a 
computer, the ID-4850 provides a PC-compatible 
computer with 50-MHz oscilloscope capabilities 
and allows waveforms to be digitally stored for 
later recall. When using an oscilloscope, the 
ID-4850upgradesit toafull-featured50MHzdual 
trace oscilloscope. The Digital Memory Oscillo- 
scope is avail;~l~le ip kit or assembled form. 
More information on theseand other products is 
available in Heathkit's free catalog. For a copy, 
contact Heath Company, Dept. 150~775. Benton 
Harbor. Mich~gan 49022. 

Circle 1309 on Reader Service Card. 

personal frequency 
standard 

Wenzf?l Associates. Inc.. offers the new 
Counter Mate personal frequency standard that 
providesstal)le 1 MHzand 10-MHzreferencesig- 
nals to improv~? theaccuracy of countersand other 
instruments. A precision third-overtone 10-MHz 
crystal ismounted inacontrolledoveninaninstal- 
lation that provirles minimumaging and drift. Both 
outputswilldrive TTLor 50ohms with 5nsriseand 
fall time square waves. The output impedance 
properly matches power splitters for generating 
isolated signals to operate several instruments. 
The price is $350. 

Further information is available from Wenzel 
Associates. Inc., 11 124 Jollyville Road. Austin. 
Texas 78759. 

Circle rjOg on Reader Service Card. 

new Hamtronics catalog 
Hamtronics. Inc. has announced publication 

of their new 40 page. two color catalog, which 
features many new products, including several 
GaAs FET preamps, a five-function DTMF 
decoder:controller, a transmitlreceive relay 
module, digital FSK equipment, and packet-radio 
VHF power amplifiers. Also included is a corn 
prehensive listing of FCC type-accepted trans- 
mitters, receivers, and repeaters for commercial 
service. Hamtronics reports that because of  re^ 

cent high volumes of production, it has been able 
to reduce prir:es on many products. 

To receive a copy by return first class mail. 
send $1 ($2 for overseas mailing) to Hamtron~ 
ics, Inc.. 65-F Moul Road. Hilton, New York 
14468~9535. 

surge protector 
Alpha Delta has announced availability of a 

new, improved version of its Transi trap Elec 
trical Surge Protector. 

The new Transi trap "Arc plug" has been 
redesigned to meet government and industry 
protection standards for Electromagnetic Pulse 
IEMPI in accordance with the National Commu- 
nications System report, NCS TI6 85-10. The 
"ARC-plug" has a DC clamping level of 350 volts 
to provide proper transmitter protection. The 
pulse clamping level (per NCS EMP test. 4.500 
volts at 50 ohmsl is 230 volts. The unit will re- 
spond in 80 to 100 nanoseconds and has a very 
low interelectrode capacitance of less than 1 pF. 

The Transi-trap design offers low loss - typ i~ 
cally 0.1 dB through 500 MHz for the R-T and 
0.3 dB loss through 1 GHz for the units with N 
connectors. 

For more information, contact Alpha Delta, 
P.O. Box 571. Centerville, Ohio 45459. 

Circle 1#)4 on Reader Service Card. 

RF test equipment catalog 
A new 60-page catalog of Thruline' direc- 

tional wattmeters, coax load resistors and at 
tenuators, calorimeters and RF components is 
available from Bird Electronic Corporation. 

Included are such items as high-accuracy in. 
struments using plug~in elements with 5000-to-1 
power ranges. a frequencylpower meter com- 
bination and relative field-strength devices, as 
well as more than 300 standard RF products. 

This reference work of RF measurement in- 
strumentation'and components from 2 milliwatts 
to 250 kilowatts in the frequency range of 0.235 
to 2300 MHz features triple indexing - by func- 
tion, power level and model number - making 
it easy to use as both a desktop reference and 
specification tool. 

Catalog GC-86 is available from Bird Electronic 
Corporation, Cleveland (Solon), Ohio 
44139-2794. 

Circle Dl2 on Reader Service Card. 

trailer-mounted towers 
Tra~ler-mounterl cornmt~nication towers, avail- 

able from Aluma Tower Company, are well- 
suited for mobile testing, site selection for earth 
stations, civil defense. or other applications re- 
quiring a temporary communication tower. Tow- 
ers up to 100 feet can be provided with either 
manual crank mechanisms or 12~V winch oper- 
ation. Trailers are supplied with a 2-inch ball 
hitch, spring suspension, and tail l~ghts for 
daylnight servtce. 
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Contact Aluma Tower Company. Inc., 1643 
Old Dixie Highway. Vero Beach. Florida 32961. 
for information. 

Circle 1303 on Reader Service Card. 

new multimode xcvr from 
Yaesu 

Yaesu U.S.A. hasannouncedthereleaseofthe 
new FT-767GX, the world's first HFIVHFIUHF 
multimode transceiver. The FT-767GX comes 
factory-equipped for HF operationon the Amateur 

bands plusgeneral coveragcon rt!ceivr from 100 
KHz to29.99 MHzl. Features includeareanauto- 
maticantenna tuner for 16C-lOmeters. CWfilter. 
electronic keyer, speech processor, digital watt- 
meter. IF shift, IF notch filter. CW audio peak fil- 
ter. and a dual VFO tracking system for OSCAR 
Mode A or repeater operation. All popular oper- 
ating modes are included: SSB, CW. AM. FM, 
and FSK. Optional modules extend coverage to 
6meters. 2 meters, andlor70cm. andanoption- 
al CTCSS unit isavailable for tone-access repeater 
work. 

The FT-767GX is compatible with Yaesu's 
CAT (Computer Aided Transceiver) external 
computer protocol, for remote control okration 
and enhanced operating flexibility. For teletype 
operation, the FT-767GX is rated at 100 watts 
output continuously for up to 30 minutes. 

The introductory price of the FT-767GX is 
$1759.95. with the 6-meter and 2.meter modules 
priced at $169.95 each. Prices are subject to 
change due to  the extreme volatility in interna- 
tional exchange rates. 

For information, contact Yaesu, Inc.. 17210 
Edwards Road, Cerritos. California 90701. 

Circle 1305 on ~eader  Service Card. 

DX beam heading chart 
John Daley. KB€iJGH, hasannounced theavail- 

ability of hisDX Beam Heading Chart. Eachreport 
is individually calculated by computer and pack- 
aged inanattractive8-1 I 2  x 11-inch binder. Nine 
categories of data including callsign area, coun- 
try, state, city, longitude, latitude. beam heading, 
Great Circle distance, nautical miles, and statute 
miles are provided for each of 540 DX locations. 
All data are are based on the user's exact station 
location. 

Geared to both the ham and SWL, numerous 
listings are given for the USSR and China, mak- 
ing unknown site estimation easier. 

The priceot thischart is$9.95. It'savailablefrom 
John Daley, KBGJGH. P.O. Box4794. San Jose. 
California 95150. 

Circle 1302 on Reader Service Card. 

AUTHORII I) DI:,TS MCIAI DIME~FOR I %,lYs *.L-mle*' 
1 PYU"ca''o"' 

\ n O A l I V A Y L  A ~ T E N W A S  h RECEIVERS n ~ s r o n ; m r m m u c ~ c ~ r l o m s n m s  
1RTI IEX "Splln. 51 SIallon (UUMUrl IN( IU IRFl lUYI IT I ,  PHIIUr IU"OUr8"l"rILBE IlClYRU"SE0 

Y d l a l l :  BY7 Pfmc. "l S!.l#on 
IN0  r Tram 811 Sf.tion" 

CM~EICIAL lAD10S. l~b .d  .. mla.dmpr.nl.... 

- p~ - -  - - ~ 

Amateur Radio Coufsss Given On Our Pmmlsss. Call ULES nu.' Broadway r6 to Spctng St 
Pmtll-Wb SI mth A 1  11.110" L - ~..ort 0,a.r. Sh1pP.d Imm.al.1.l~. TCLLX (2.7870 F~NAL 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer a- # 

A'""'??,N~ since l e a  J 

12033 Otsego Street, North Hollywood, Calif. 91607 

In Gernuny Ekrtrontklaaen. Wtlhelm - Mell~es Str 88 4930 Defrnold 18 Wesf Germany 
In Japan Toyomura Electron~cs Company. Lta . 7-9 ?.Gnome Sota.Kanda Cn~yoda-KU. Tokyo. Japan 
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40m Phased Array 
-the Easy Way! 

*** ,& - 

OPTI PHASOR'" by BaileyTech 
Cha e direction instantly = High?i~, adjustable phasing 
Low SWR over ent~re 40m band 
Just 2 dipoles glves 4 db gain 

A l m  available wm mslcnm $119.95 d8mIes and I& ltnes fl 17' 
Check. MO. VISA. MN: 

Call or Wrile lor Complete Catalog. 
TET Antennas, Larsen. Hy-Gain. 

Alpha Delta, etc. 

1587 U.S. 68 N Xenia. OH 45385 
(51 3) 3782700 

r=---I==-- Full Feature 1 
I Remotely Programmable I 

I Repeater Controller, ' for under $600 I I 
I ~ F ~ e l t i  tested for orvr  ? wur r  

/Full 2 veur u'urruntv 
I 

I I 
I F R E E =  I - 

Full Color Rrochurc I 
'a" ""-Free I 

1 1~800*621*8387 I 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

H L HEASTER. INC . 203 Buckhannon Plke. Clarksburq. W 
Va 26301 Clarksburg Phone 13041 624.5485 or W Va Toll 
Free 1.800 352.3177 
HAROLD HEASTFR. KARDHX. 91 Rldgelleld Place. Orrnond 
Rcach. F1 32074 Florida Phone 19041 673-4066 

NEW NA'IION.WIOE TOLL.FREE TELEPHONE 1-MI).M.RAOIO 
1~800.84~72346 

Call us lor a quntaltnn. WE WILL SAVE YOU MIINFY1 

(continued from page 751 

fig. 2. W4PFZ's "File Saver" program allows data files t o  be saved. 

READY. 

30 PRINT"CC/ON)WHAT IS THE NUMBER OF THE CURUE YOU WISH TO ENTER " 
35 INPUT CS 
40 FS-ZS+CS 
50 PRINT-ENTER THE UALUES FOR THE CURUE" 
6 0  FOR X-1 TO 38 
70 PRINTm#": X::INPUT A(X) 

90 PRINT"CCLR1" 
100 PRINTTHESE ARE THE UALUES FOR CURUE":CS 

130 FOR X-1TO 38 
140 PRINT~'#":X:A(X) 
150 NEXT - - ~  ~ ~ 

160 PRINT 
170 PRINTnARE ALL THE UALUES CORRECT? 
180 GET AS: IF AS-"" THEN 180 
190 IF AS-"Y" GOT0 250 
195 IF AS-"N" GOT0 210 
- - -  - - ~ -  - ~ 

210 PRINT"WH1CH # IS 1NCORRECT":INPUT 0 
220 PRINTWDHAT IS THE CORRECT UALUE FOR :- #";O 
230 INPUT O(D) 
ZLfO GOT0 100 
250 PR1NT"CCLR)" 
260 PRINT"SAU1NG TO DISK" 
- - -  - -  

270 O P E N ~ , E ,  t ,  "0: "+ZS+CS+n,SS W W W  
280 FOR X-1 TO 3B:PRINT*2,R(X) 

Y-YES N-NO" 

300 NEXT 
310 CLOSE 2:CLOSElS:CLOSEB 
320 PRINT"CC/ONlCC/ONlCRUONl SAUING COMPLETE CRUOF)" 
330 END 

READY. 

ham radio 
I 

automatic dimmer; 21 memory channels; scan 
ning: plus an internal speaker and an HM-12 rnic. 
With only 11 front panel controls, the unit iseasy 
to operate. 

Options include'the IC HM14 DTMF mic. 
PS-45 13.8volt power supply. UT-29 tone 

products squelch unit. SP 10 external speaker, HM-16 
speaker rnic and HS-15IHS.lSB flexible boom 
rnic, and PTT switchbox 

For information, contact ICOM America. Inc., 

IC-48A 440-MHz mobile 
ICOM has announced the release of the new 

IC-48A 440-MHz compact mobile. The IC-48A 
offers the same features as the new IC~28A and 
IC-28H. with 440~450MHz frequency coverage. 
Fcatures include compact size (5-114 x 
5 112 x 2 inches); a large LCD readout, with an 

2380 116th Avenue NE, Bellevue. Washingtori 
98004 

Circle #313 on Reader Sewice Card. 

Satellites Today - 2nd edition 
Universal Electronics hasannounced therelease 

of the enlarged second edition of Frank Baylin's 
popular book. Salellires Today, containing the 
latest satellite information. 

Sarellites Today, which can be understood by 
a non-technical reader, reviews satellite history 
and technology. Topics include uplinking,  foot^ 
prints, programniing, homesatelliltoTVsystems. 
and more. 

Retailing for $12.95. Sarellires Today can beor 
dered from the publisher. Universal Electronics. 
Inc., 4555GrovesRoad. Suite 13. Colu~nbus. Ohio 
43232. 

Circle 1301 on Reader Service Card. 
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Edek "R" series enclosures 
The Edek "R" series enclosures are distinc- 

tive, ruggedly-built enclosures suitable for the 
hobbyist, engineer, or anyone needing an attrac~ 
live cabinet. 

Dark walnut-stained natural wood ends, con. 
trasted wi th a bright aluminum chassis, are fea- 
tured. If 9 different color scheme is desired, the 
ends and chassis may be painted, or the alumi- 
num chassis may be sanded for a brushed look. 
The ends may be grooved with a hand saw for 
PCB mounts; heavy components may be fasten- 
ed with wood screws. The galvanized steel bot- 
tom is easily soldered or drilled. Non-marring 
rubber feet conceal hidden screws. 

Enclosures are available in an unlimited num- 
ber of sizes, with no minimums and no tooling 
charge. Delivery is from stock for the most popu. 
lar slzes. Many variations are possible on the "R" 
series. A sample is available for $3.00 plus S2.M) 
shipping. A new slope-front enclosure ("S" 
series) will be available soon. 

For information, contact Energy Engineering, 
Route 4, Fayetteville, Arkansas 72701. 

Circle #310 on Reader Service Card. 

9-volt Rechargeable NiCads 
Plainview Electronics announces the introduc~ 

tion of its 9-volt rechargeable NiCad "transistor" 
I)attery. Unique in a rechargeable transistor bat- 
tery is its 8.4-volt nominal voltage, 110 mAh, and 
its low self~discharge characteristic, which will 
maintain 50 per cent capacity even after a year 
in storage at room temperature. 

For information, cmntact Plainview Electron 
ics. 28 Cain Drive, Plainview. New York 11803. 

Circle #3ll on Reader Service Card. 

callbook supplement 
The new combined Callhook Sc~/~plefrierir in 

clurlcs all the changes in both the North Amer i~  
can and International Callbooks for the six 
months since the publication of the regular Call- 
books. Published oncea year on June 1st. it lists 
thousands of new licensees, address changes, 
and "then and now" call changes from cotln- 
tries around the world. 

Unlike previous updates, this new Supplement 
is available through regular Callbook dealers and 
is priced lower than previous Supplements. 

For more information, contact Ham Radio's 
Bookstore or the publisher. Radio Amateur Call 
book Inc.. 925 Sherwood Drive. Lake Bluff, 
I l l ~no~s  60044 

Circle 1#)6 on Reader Service Card. 

/lo rier 

/ DESIGN EVOLUTION IN RF  P.A.'s ' 
Now with 
GaAs FET 
Preamp 

A. Mlero*... uaan.... 10 GHz Gunnplwxar. Two of thaa*tnn,...... ,-.. lodn lhw h*ar( of a 10 OH1 
cammunlcatlon ayatam for voloe, mcw, vldao or data transmlaalon, not to mnllon mwntalntop DXlngl 
MA87141-1 (palr of 10 mW tranacalven) 1251.95. Hlgher pomr unlta (up to 2W mW) avallabla. 0. Mlcrtl- 
ware Asaoclal*s 24 OHz Gunnplexer. Slmllar charactsdallcs to 10 OH2 unll. MA878204 (palr of 20 mW 
transcelvan) 1738.20. C. Thla support module la daa1gn.d lor use with the MA87141 and MA87820 and 
provldas all 01 the clrcultry for a full duplex audlo transcelve ayalem. The board contalns a low~olse. 
I h Y U l  lm .-nlu-r mndl~l.tnr~ for "olce and mew aasratlon. Gun" diode r.aulator and varactor supply. 

- 
Linear (all mode) RF power amp with 
automatic TIR switching (adjustable de- 

-" ~. . r ~ ~  ~ . . .  . 
Meter outputs are pmvldsd for monltodng recalvad algnal lavala, dlscrlmlnator output and vsraclor tunlng 
voltage. RXMRMVD assembled and t@sted 1119.95. 0. Complete. ready lo use communlcatlon system 
for volca or mcw opratlon. Ideal lor npeater Ilnklng. A power supply capable ol dellverlng 13 volts dc 
a1 250 mA (lor e 10 mW vanlon). mlcmphone. and headphone andlor loudapaaker are the only addltlonsl 
Items needed lor opratlon. The Gunnplexar can be removed for remote mountlng lo a 1ow.r or 2 or 4 
fool perabollc antenna. TR1ffiA(lO GHz. 10 mW) 1398.95, Higher power unlts avallabla. TR24GA(24 GHz. 

20 mW) $639.95. Alao arallable: horn. 2 and 4 fw t  par. 
hnllr m n l m n n m r  Gunn vlrnclat and datector dlodas. 

0508G 
051° 

Rdvancec - 
:eive Rec 

Re 

(MHz) 

50-54 

lay). Amplifier useable with drive powers 

. . .- .~ - -~~ ~. 
aoamh and lock syslams, O M l l l a l O r  mdulea. wawu?da. 
flangas. elc. Call or wrlta lor addltlonal Inlormallon. Lsl 

,her with qumllty 10 and 24 GHz oaulomsntl 

perlormance 
1. Models w11h G suffix have GaAs FET pre- 

*All models include a complete operating1 amps. NO,,-G suffix units have no preamp. 
service manual and carry a factory war- 2 ,  Covers lull amateu-band. Specily 10 MHz 
ranty on all components Bandw~dth for 420-450 MHz Amplifier. 
Designed to ICAS ratings, meetsFCC part 
97 regulations *SEND FOR FURTHER INFORMATION* 

Approxlmate slze is 2.8 x 5.8 x 1 0 . 5  and 
weight is 5 lbs. 

Specifical~ons/pr~ce sublecl lo change J 

' 
144.148 
144-148 
144-148 
220-225 
220-225 
220.225 
220.225 
420.450 
420.450 
420-450 
420-450 

as low as ' ,r  watt. 
*Receive preamp option, leaturing GaAs 

FETS (lowest noise figure. better IMD). 
Device NF typically .5 dB. 

*Thermal shutdown protection incor 
porated 
Remote control capability built-in 

*Rugged components and construction 
provide for srlperior product qualily and 

R lake you hb 

. 

IWI 

b m m - 5 0 5 4 1 7 0 1 -  
170 
liO 

1410G 
'1412 
1412G 
2210 
2210G 
7:'12 
2212G 
4410 
4410G 
4412 
4 4 1 2 ~  

BOX 1242 

160 
100 
160 
130 
130 

130 
100 
100 
100 
100 
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Ham Radio's guide to help you find your loca d 
California 

C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421 -2258 
Not The Biggest, But The Best - 
Since 1962. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Colorado 

COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

Connecticut 

HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prlces you can afford. 

Delaware 

AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
813-461-4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-530, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLAND, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30. Sat. 9-3 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 
ICOM, Yaesu, Kenwood, KDK. Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 53 
years. 

Idaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 
BASE for New & Used Equipment List. 

Maryland 
MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 
Kenwood, Ten-Tec, Alinco. Azden. Full 
service dealer. 
T-F 10-7 SAT 9-5 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 481 50 
31 3-523-1 850 

1 Amateur Radio. Repeaters, Satellite. 
Computer applications. 
Call Paul WD8AHO 

I 

I Minnesota 
TNT RADIO SALES 
4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

PAUL) 
TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron. Bencher, Butternut, Icom, 

Kenwood 
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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. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 
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Texas 

MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO, TX 78238 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

Wisconsin 

AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

SATELLITE 
DECODER MANUAL 

Reveals How Signals a r e  De-Cy-Phared 

Three different types used 
detailed/schemcrtics 
digital crudio prOC9SSeIS 
err01 correction & filtering 

100 pages bound. . . $24.95. 

NEW W Y - X ~ T A S Y  KITS FROM 559 05 
ASSEMBLED READY TO G O  FROM S I79 05 
OTHER TWES O F  DECODERS AVA1MI.I:  

SCHEMATICS b ROARDS AVAILABLE 
DEALERS INQUIRIES I N V I E D  

SEND 55 FOP lNFOPMATION CATALOG 

Pilgrim Video Products 
P. 0. Box 3325 H 

Plymouth Ck., MA 0236 1 

f 179 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

New Hampshire 
RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-9 
Closed SunlHolidays 

New Jersey 
KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301 ) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

QEP's 
1 10-4 ROUTE 10 
EAST HANOVER, N. J. 07936 
201 -887-6424 
Bill KA2QEP 
Jim KA2RVQ 
VlSAlMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 
VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

North Carolina 
F & M ELECTRONICS 
3520 Rockingham Road 
Greensboro, NC 27407 
1-91 9-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales & Service 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE,OH44092(CIevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI, OHIO 45209 
(51 3) 531-4499 
Mon-Sat 10AM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS). OH 

43068 
61 4-866-4267 
Featuring Kenwood, Yaesu, Icorn, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357- 1400 
Same Location for over 30 Years 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
7 1 7-343-2 124 
ICOM. Bird, Cushcraft. Beckrnan, 
Larsen. Amphenol, Astron. Belden. 
Antenna Specialists, W2AUIW2VS. 
Tokyo Hy-Power Labs, WELZ, Daiwa, 
Sony, Saxton. Vibroplex. Weller. 

Tennessee 
MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 
Kenwood, ICOM, Ten-Tec. Cushcraft. 
Hy-Gain, Hustler, Larsen. AEA. 
Mirage. Ameritron, etc. 



flea market 
RATES Noncommercial ads 100 per word; 

commercial ads 600 per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability f o r  

correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville. N. H. 03048. 

DX ANTENNAS FOR 160-10 METERS. Small slze. broadband. 
h~gn  performar~cr Also, arltent>;lp~rts Br\t,railr ~r>st,l;ltors. A rt .  

3nttt.al,l~ -OA pr!rt'sdn,lfnzt ,c.rv c t  SASF Iw  r a t ~ l o q  WIFR 
021 H 115 Rt.svarrh, POH 250 1 . o t l ~ ~ #  M1  49656 

WANTED: Operat~ng or service manual for Gonset2 rneter Itnear 
No. El022 Uses 2826 tubes R.J Helnen. KSTFZ, 1321 Bank 
Street. Lake Charles, LA 70601 13181 439 3406. 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Build or buy SASE for ~nformation. C 6 D Electron~cs. PO Box 
1402. Dept HR. Hope, AR 71801 

YAESU OWNERS: Hundrpdsof mod~f~cat~onsand lmprovrrnents 
for your rlg. Select the best from fourteen years of genuine top 
rated Fox-TarigoNewsletterst~y uslngour new32 page Cumula 
tive Index Only $5 postpa~d lcash or check) w ~ t h  $4 Rebate 
Cert~f~cate cred~table toward Newsletter purchases Includes 
famous Fox-Tango Ftlter and Accessortes Lists Milt Lowens, 
N4MLIEditorl Box 15944. W PalmBeach, FL33416.Telephone 
13051 683-9587 

R-390A Receiver: $195checked; $1 15 reparable. Parts, tubes. 
sections Info SASE CPRC 26 six rneter transceiver (see HR, 
March 19851 517.50ap1ece. $32 50palr (add $4 50lunlt shlpplngl 
Baytrontcs. Box 591. Sandusky, OH 44870 419 627 0460 
evenlngs 

COLLINS WANTED. I I I U ~ ~ ~ ~ ~  at lb r  lPS3C o r  32S3for part\ Man? 
Pawcr <5FZ 16701 C~eukscj..tl, nn..,lo!> Tr,*:+5 77068 ,1131 
444 7737 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo Austr~a 
Karin Ueber 

Canada 

Po~llach 2454 
Send orders la 

D 7850 Lwrrach 
nam Radto Magazlne 

West Germany 
Greenvllle NH 03048 USA 
PIICBS ~n Canadian tunas 

Ham Radlo Betglum 1 yr $29 95 2 yrS $53 30 
Stereohouse 3 yrs 975 40 
Br~~~el~esleenweg 416 
B 9218 Genl 
Bslglum Ham Red80 Italy 
Ham  adl lo ~olland Vba Manlago 15 
Poslbvs 413 120134 Mllano 
NL 7800 Ar Emmen tmly 
Holland 
Ham Radlo Europe 
Box 2084 Ham Radio Swllzerland 

Karln Ueber S 194 02 UpplandS Vasby 
PoElfacn 2454 Sweden 

Ham Radm France 
D 7850 Loerrach 
West Germany 

SM Electronic 
20 b l ~  Ave des ctar~ons 
F 89WO Auxerrs 
France Ham Radio England 

Ham Radlo Germany 
clo R S G B 

Karin Ueber 
Alma House 

Po51lach 2454 
Cranborne Road 
POtlB,. Bar 

D 7850 LOBrrsch 
Well Germany 

Hens EN6 UW 
England 

'SUPERLOG' Tdndy 1WO arld PC ~ompatlbles GW BASIC 
$19 95 dlskette TRS 80 Model 4 4P BASIC or ML $29 95 
KF6CO 7438 I<esler Avenue. MI Van Nuvs CA 91405 

-- 

SOME QSLs 100 for $6.25. Sample SASE. WB2EUF. Box 708. 
East Hampton. NY 11937. 

B&K Precision solnd state s gnal c)erierdtor model E 2000 100 
kHz to220MH,$75 00 4CX100a factorvbraleaS250 0001 trade 
lor IC 02AT W7TZD 15031 267 a164 

TUBES 4032 Raytheon $35 00 each 4 400A $45 00 5933WA 
$5 00 12AT751 00 12AX7Sl 00 r~quoreor~others Levy 101 East 
Drtftwood n44 FBG TX 78624 Tet512 997 2534 W5OJT 

~ 

MARCO: Med~cal Amateur Rad~o Counctl. Lid. operates dally and 
Sunday nets. Medtcally oriented Amateurs (physicians, dentists. 
veterinarians, nurses, physiotherapists. lab technicians, etc.1 
invlted to~oin. Presently over 550members. For lnformatlon write 
MARCO. Box 73's. Acme. PA 15610. 

WANTED: DX200or DX302or R I  Must bean work~ny order and 
qood c<,nnltnoo 11 16 Bachmar~ Draw Lexnnqtor~. SC 29072 

.- 

IBM-PC RTTYICW. New CompRtty II  sth he complete RTTY1CW 
program for IBM~PC's and compatibles. Now w ~ t h  larger buffers. 
better support for packet units, pictures. much more. Virtually any 
speed ASCII. BAUDOT. CW. Text entry vla built-inscreened~tort 
Adiustablesplttscreendispby. lnstantmode1speed change.  hard^ 
copy, diskcopy, breakm buffer, select calling, text file transfer. 
customlzable full screen logging. 24 programmable 1WO charac- 
ter messages Ideal for MARS and traffic handling. Requires256k 
PC or AT compatrble. serial port. RS 232C TU $65. Send callletters 
linclud~ng MARS) w ~ t h  order. David A. Rice. KC2HO. 25Village 
View Bluff, Ballston Lake. NY 12019. 

ELECTRONIC ENCLOSURES: Attractive, reasonably pr~ced. 
Alum~num topand sldes. Walnut stainedsol~dwoodends. Variety 
of slzesand custom slzesavallable. Sample $5.00 lnformatlon free. 
Energy Engmeering. Custom Divston. Rt 4. Box330. Fayetteville. 
AR 72701 

HAM RADIO SETUP ~n Parad~se. CA 2 B R, with attached studio 
apt. 1.8acresand largebarn. Tower 6el DXX Beam-. 1500ft. 
elev. $135,000.00. Please calll9161-877~8300. 

NATIONAL RADIO EQUIPMENT manual list or NCL 2MX) parts 
k~ ts  SASE. Maximillan Fuchs. 11 Plymouth Lane. Swampscott. 
MA 01107. 

ATTENTION AMATEURS Send for Free dlscount catalog. 
Amateur Communicat~ons. 2317 Vance Jackson. San Antonio. 
TX 78213. 15131 734 7793 

. --. 

8877VHFAMP KITS: HVpower supplies, CXGOON relays. MuTek 
LTDfrc~nt end boardsfor IC2511IC271. EMEnewsletterand OR0 
pans SASE for new catalog. KB7Q. "0" Products. 417 Staudaher 
Street, Bozernan. MT 59715 

ELECTRON TUBES: Radio. TV h Industrial Types Huge lnven~ 
tory. Send for 80% off tube llstlrrg Call Toll Free 18001 221-5802 
or wntt: Box HR, Transleterontr, Inc , 136539th Street, Brooklyn. 
NY 11718(7181633 2800 

RTTY JOURNAL-Now inour34th year Join thectrcleof RTTY 
frlends from all over the world. Year's subscription to RTTY 
JOURNAL, $10.00, forelgn $15.00 Send to RTTY JOURNAL. 
9085 La Castla Ave.. Fountaln Valley. CA 92708. 

~. 

THEGOODSAM HAMSlnvite RVoperatorsto check tn the Good 
Sam Ham net 14 240 Sundavs lSmlZaIso3 880 Tuesdavsaf2359Z. 
Ner co,~tro/N5BDN, ~/ark.ivi/le. I N  

- 

IMRA, Intern,~t!onal M~sston Rad~o Assoclatton helpsmlsslonarles 
Equ~ptnent loaned. Weekday net. 14 280 MHz, 2-3 PM Eastern 
E~ght hundred Arnateurs tn 40 countrtes. Brother Frey, 1 Pryer 
Manor Road Larchmont. New York 10538. 

- 

RUBBER STAMPS: 3 l~nes $4 50 PPD Send check or MO to 
G I Ptercc. 5521 B~rkdale Way San Olego. CA 92117 SASE 
br~nrls ~nforrnat~on 

SELL Crrlrr I E,ecrror!,<s ho T w w 6 G O  1 ( m a r  YdC'sdFT301 U 
FT 301 S Crf~lurr 21 Dlglta Ccut-ry 21 Afldog KL.V~IS CJIII.IR- 
lor, I ' r o l  r . ,  trades r~cuotoat,l~~ l'led\r mr lc for drldel.. WAhT 
~ r k ~ h  4 h~ 202 ~k~910a~>tenndr~latcner  VHF watttrtctcr 
C.orttskrver o r  IC Mlrdge B 23 Moconl loor othrr 10tnclrr FM 
r ~ q  W A6GtR. 3241 Eastwood Road Sacramento CA 95821 

- 

DlSCOUNTCATVCONVERTERSlDECODERSand V~deoac 
cessorles Send forfree~nformat~onand prlces ~tcouldsaveyou 
BIG MONEY on your next purchase of these and other CATV 
Items Easy Vlew, IHRI PO Box 221K. Arlington Helghts, llllnols 
60006 13121 952-8504 Ask for Rudy Valentine 

ELECTRON TUBES t7eL.e t n r g  t r , ~ > ~ # ~ u t t  ng nr CIOWdVe ,dl 
tvbrs la1 F Largestocr Nr,ktday deloverv mo~lcdse> Oarrv 
E l r r t r o t , ~ ~ ~  PO Box5029 Conqttoro CA90224 213 I74 1765 

~- - 

CUSTOM MADE EMBROIDERED PATCHES. Any s i~e,  shape, 
colors Flve patch mlntmum. Free sample, prtces and order~ng 
~nlormat~on Heln Speclaltles. lnc . Dept 301. 4202 N Drake, 
Chl<.ago. lL60618. 

RECONDITIONED TEST EaUlPMENT $1 25 for catalog 
Walter. 2697 Nickel. San Pablo. CA 94806 

- - 

CABLE TV CONVERTERSIDESCRAMBLERS. Guaranteed 
lowest pricrs In US. Jerrold. Haml~n. Zenith - Many others 
Lowest dealer pr~cesl Ordersshipped w1th1n24 hours! Mastercard, 
VISA. COD accepted Free Catalog call (800) 345-8927 only 
Paclflc Cablt: Co . Inc ,7325 1,2 Reserla Blvd,#1016. R~:seda, CA 
91335 18181 716 5914 

HOMEBREW PROJECTS. L~st SASE WB2EUF. Box708. East 
Ham1,ton. NY 11937 

CHASSlSandcab~net k~ts. SASEK31WK. 51MHarmony Grove 
Road. Dover. PA 17315. 

COMING EVENTS 
Activities - "Places to go . . ." 

OKLAHOMA: October5. The Salt Plains Amateur Radio Club w~ l l  
hold their annual Ham Social, Salt Plains Lake, Northern Alfalfa 
County. Covered dish dinner. Talk in on 147.30190. Inquiries 
to: Gary Gerber. KBOHH, 511 Lincoln, Anthony, KS 67003. 
(405) 842-5076. 

ARIZONA: September27.CARA -The Cochise Amateur Radio 
Association'sFlea MarketattheCARATraining Facility on Moson 
Road. Sierra Vista. No charge for tailgating. Free overnight RV 
camping forclubmembers. Talkinon 146.16176. For moreinfor- 
mailon. CARA. PO Box 1855. Sierra Vista, AZ85636. 

-. 

CONNECTICUT: SepternberB. The Waterbury ARC willsponsor 
a Flea Market. Waterbury State Technical College, off 1-84. 
Waterburv. 10 AM to 3 PM. Adm~ssion $2.00 at door, Indoor 
spaces $10 table and ta~lgat~ng spaces $5 Dea.ers. sellers setup 
9AM Contact Gary Firtlck. KIEB. 589 Ham~lton Avenue. Water 
town. CT 06795 by 9 15 86 

MARYLAND: October 5. The Columbia Amateur Radio Assocb 
at~on's 10th annual Hamfest, Howard County Falrgrounds. lust 
west of Baltlmorc, off 1-70. 8 AM to 3'30 PM. Adm~ssion $3 00 
Spouseandch~ldrenfree. Reservedtables$7.00pr~or roseplem 
ber30. S8.00after. Dutdoortailgating$3.00add1t1onal, Indoortail 
gatrng 56.00additional. Food available. Talk In on 147.7351135. 
146.52152. For table reservation and information: Mike Vore. 
W3CCV. 9098 Lambskin Lane, Columbia. MD 21045.992-4953 

-- 
PENNSYLVANIA: October 4. Pack Rats IMt. Airy VHF ARC1 
inv~tesall Amateursto the 10th annual Mld-Atlant~cVHF Confer 
ence. Warrlngton Motor Lodge. Rt611. Warr~ngtonand the 15th 
annual Pack Rat Hamarama. Sunday, October 5. Bucks County 
Dr~ve-In theater. Rt. 61 1, Warrington. Flea market admission $5.00 
per car. Selling spaces $6.00each. Gatesopen6 AM raw or shine 

~- 

GEORGIA: November 1 2. The Alford Memorial Radio Club of 
Stone Mountam issponsoring Ham Radio and Computer Expo '86. 
Gw~nnett County Falrgrounds, 20minutes NEof Atlanta 9 AM ro 
5PM Saturday; 9AMto4  PM Sunday. Admiss~on $4advance, $5 
at door. Forums, awards. VEC exams both days, free cookout 
Saturday ntght. Activities for the entire family. Superb dealer 
facllrties, giant undercover flea market. Discount hotel rooms. Free 
park~ng. RV sltes with full hookups. Talk In on 146 16/76, 
449.2514.25 Information: Alford Memorial ARC. PO Box 1282. 
Stone Mountain, GA 30086 or call N8LM at 404~925-7615. 

- 

NORTHDAKOTA: September 19 21 ARRLDakotaDivis~onCon- 
vention sponsored by the Red River Rad~o Amateurs. Fargo 
Holiday Inn. Speakers: Dr. Tony England. WOORE and ARRL 
Pres~dent Larry Price. W4RA. Indoor fleamarket tables $5. Semi- 
nars, display. VEexams lnowalk~nsl. Breakfast and banquet Satur- 
day. Breakfastand flea market Sunday. Talk inon 146.76repeater 
Reo~stratlon $7 For ~nformat~on SASE to Red Rlver Radio 
amateurs. Box 3215, Fargo. ND 58108 3215 

CONNECTICUT: September 14 The Candlewood Amateur ra 
dlo Assoc~ation'sannual Flea Market. Danbury Elk'sClub. 346Matn 
Street, Danbury 9 AM to 3 PM. Dealers 8 AM. Adm~ss~on $2 
Tables $8 Tatlgat~ng $5. Talk In on 147.72112. For table reserva 
t~onssend checkor MOtoCARA cioGeneMarlno, 27ValleyVtew 
Rd. Newtown, CT 06470 or call Gene 1203) 426-8852. 

- 

CALIFORNIA: September20 Sonoma County Radio Amateurs 
fourth annual flea market 8 A M  to 2 PM. Sebastopol Community 
Center, 390 Morr~s Street, Sebastopol. 5miles west of Santa Rosa. 
Admission and parking free. Tables %advance or $7 at the door 
Vendor setup 7 AM. VEC exams. radio clinlc, exhibits, refresh 
ments. Aucttonabout noon. Talk inon 146.13173 For ticketsand 
information SCRA. Box 116. Santa Rosa. CA 95402. 

- -- 

NEWYORK: September27. TheElmira Amateur Radio Assocla- 
t~on's 1 lthannual lnternatlonal Hamfest. Chemung County Fa~r 
grounds. ElmIra. Gates open 6 AM to 5 PM. T~ckets available at 
gateor Inadvancefrom SteveZolkosky, 118EstBth Street. Elmira 
Helghts. NY 14903. Outdoor flea market, dealer displays. Break 
fast and lunch served on premtses. 

- -  

FLORIDA: September6 7. The21stannual Melbourne Hamfest 
sponsored by the Platinum Coast ARS. Melbourne Aud~torlum 
Saturday9-5andSunday9-4. FCCexams. exhlblts, swap tables. 
ARRLforum, QCWA, tech. MARS and Net meettngs, 2m t r a m  
mitrer hunt. Tlckets$3advance. 54door. For swap table reserva 
tions (Ilmit 2 ad!.). For exam information SASE to PCARS. POB 
1004, Melbourne. FL 32901. 

NEW JERSEY: The Maple Shade ARC IS sponsorlng ITS F~rst 
Annual Hamfest. Saturday. September 20, Maple Shade Hlgh 
School. Coles Avenue, Maple Shade. 8 A M  to2 PM. Admiss~on 
$5.00 per carload, includes one tailgate space Refreshments, tech 
forums. Talk Inon 146.52and223.021224.62W2MX Rpt For more 
~nformatlon: K3HW. Howard Wemstetn. 15 Lakeside Orwe, 
Marlton, NJ 08053 16091 596 3304. 

MISSOURI: September Swapfest. Sunday. September28. Har 
vester Lions Club Park. Harvester Sponsored by the St Peters 
Amateur Radio Club. $1 .OO per person to look. swap, sell. Free 
coffee and donuts for early btrds For ~nforrnat~on: Joe R~ordan, 
KGOK, 27M) Hwy 40-61, O'Fallon. MO 63366 

ILLINOIS: September20 21 Peoria Area Amateur Rad~oClub IS 

sponsorlng Peor~a Superfest '86. Exposttlon Gardens. W North 
moore Road. Peor~a. Gate opens 6 AM Commercial Ru~ld~ng 9 
AM Adm~sslon $3.00advance. $4 00at gate Ch~ldren under 16 
free. Amateur Rad~oandcomputerd~splays, hughfleamarket. FCC 
exams for all classes Saturday and Sunday. Free bus to North 
woods Mall Sunday. Fukll camplng facilities on grounds Saturday 
night get-together Her~tage House Smorgasboard. 8209 N Mt 
Hawley Road, Peorla Talk In on 146 16/76. W9UVI For ~nfornla 
tlonand reservations: SASE to Superfest '86, PO Box3461, Peor~a, 
lL61614 

CONNECTICUT. Srr,teml~.r21 lfr1.4thd,~r~.,d,h.?tr 11 4 .qARA 
Gmnt F ea Markel E.ks tinme 198 Pleasant Street, WIII ruanll, 
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9 AM. Dealerr setup 8 AM. "Bargins Galore". Free parking. 
Admassion $2 Under 16 Irm. lnsldereserved tables 55each. At 
!he door $7 snch. Taalgelerswelcome. Oulr~despace 15and up. 
ARRL 'VEC~xamrloralll'renseclaru?s. Talkmon147 YllWand 
52 For ml-tan EdSndesll. KAlHR.49C~rcleD~m. Marlrfwld 
Center, CT (62% IM3145 7029sl!cr 4 PM 

CALIFORNIA:Mlobn4. Scale~'86.9AM 103PM. CmezPsrt. 
2441 Conaz Avenue. W m t C o n ~ .  Tahrassam. Handsanpack 
el. sa!ell~le and more. Swaps, vendors. Donallon $2 Talk tn an 
147 7% KXl For moremlwmation. Bob. NGNGN 18181917 6470 

BGrl, 012 weotb"rv. Tnll&~~ngspnce$5.&'~ams$3.Wadm~r~ 
ston S~O~IYT. kldslre~ Own7 30AMsallerr.9AMhuyerr. Foal. 
relrsshtr,rt~!ssvaolnhl~. T.11k ~ n o n  146.85 Far mo~e~nformat~an. 
Hank Wt.nt:r. WB2ALW 15161484 4322evecnlgs 

GEORGIA: Seplemhar 28. The 13lhannual Lankland ARC Ham. 
lesl. Hnltday Hall. Halday Inn. Galncsvdle. 830  AM. Free tables 
and msldcdwlayarea lor denlemrcsrrv8ngmadvance. Largepark 
~nglo! for Flea Mavkct Nov~ceExtrnVEexamrhq)1nnong9AM. 
Talk 8n on 146 07 67. For ~tlfotnlul~on and res~rvnlions. Pill81 
Watkmr. W4FDK. 5435Mallard Polrll. Gamesvlle. GAJ)501 14MI 
5% 8280 

-- 

MICHIGAN: Sopternher 14. L'AnsaCretrre ARCwill havens 14th 
anntt.ql SwnpamlShap. L'AnseCreuseHrJh School. MI Clemms 
CEfm 15M Admlu~ln$l.COadvance. $3 Wul Ihedoa.. Plcnly 01 
loud and parking. Tlonk sales $4 00lspacc. 
lnro~l~leblcs$8 Wcach. FM T8cketsamflahlerevlrval8onrSASE 
l a M a ~ ~ r * . e S ~ I ~ ~ ~ ~ j l l l e .  NBCEO. lE835To~r i l l~C1. MT CI~UYIS. 
MI 4- 13131 286 1843 

ONTARIO: Soplsmber 20 Peckel Radio Symposium co 
sponsored by the Her 9 Group a1 the Bnrrae ARC and Georg~an 
Cnllqe. Bnrr~e. Fleamarket inlhemornnng GuestrpeakerrHarald 
PI#< 1.. NKfiK, a dorsclor 01 AMSAT and Ell Jackson 01 B~,lfelo 
Adn!,%s#orl $5 W Talk 8" on 146 25, 146 85 VE3LSR lnq#l~rnrs 
He, 9 Gcotn~,. Box 151, 0!1lm. Ontarlo. Canada L3V6J3 

MASSACHUSETTS: The Chelrca Civil Defense will sponsor 
Am.llsor Hadlo cvonlng classes at Chelsea Hlgh School slarllng 
S ~ p t ~ m b e r  11. 1986 lor tho* wlsh~ng lo obtatn a Nov~cc. 
Tach General leenw? There wdl beamnntmal feeloo materuls cml 
only Sharemegrenl hobby1 Formnrr ~nformatnrl Fnnrlk Mna~co. 
136GrnurStrw~r.Chelsca.MA~2l% PIt:art?tncl~~drvol~rphonr 
nulllller 

1986 "BLOSSOMLAND BLAST" Sunday, Octoher 5. 1986 
WIIII. "BLAST '. PO 80% 175. St. Joseph. M 1 4 W  

CAL1FORNIA:FCCerams. Novtce Ertra. SunnyvaleVEC ARC 
14081 255 m 2 4  honor 73. Gordon. W6NLG. VEC 

MASSACHUSETIS: The MIT UHF R-lar Asylcutionamfthe 
MI1 Had~nSor~ery offer nronlhly Ham Exams. AllclassesNov~ce 
t o  Exlrn W<.clnt!wlay. Seplcmher 17. 7 PM. MIT Room 1 134 77 
Maw AVP~III. Cnmhrodgc MA Rer~rv i l t~nnarcqops!~d2d~ysm 
allv.ntice Cunt;lr! Ron Hollmallll 16171 253 0160 rd6 1641 or 
Cta#qe Rod!lprl; I6171 494 1% Exam I w  $4 25 Brlltq cnlly o l  
a r # t ~ ! ~ l l r c r l r I ~ l a n y l .  ~wolor!nsofprltt#r.lOanrlco!npltllnllorm 
610.1vil~lal~lt~lrc~rn FCC ,!I Bo!;lon 1223 66(391 

MASSACHUSETTS: Ssplember 28 The Wallesley Amaleur 
Racl~~~Snr~!v'satmualat~ldoor FleaMarkel. Wellesley Senir Hngh 
Scl~~,nlpi~tk~nglol.RicoStroet.Wellrsley 9 A M t ~ 2 P M A d m 1 r  
slot> $1 W for I,t~yerrand$2 W lor w.llwr Lqhtr~lr~mhn~rnrbavell 
a h l ~  Talk 18, on 147 63'03 rr!pealer 

NEW YORK: Octoher 5 Elcclrurntcs Fsvand Gmnl Flea Market. 
Yonhrrs Mtmtc~pal Parkong Gitmge. Nnpperhan AvenucandNew 
Mi$#r> Slrcr! 9AM 104PM. S~~~PIIIIP TV. SSTV. Amate~dv Ratllo. 
Con~l~~~fvrsan,lrnure Gaarrt Aw 110112 PM Unltm,!ed Ire~~:oll<?e 
allqrav A<lmt-.<mn $3 W Chlltlrcrrn tonrl~r I~IIL* SelInsS7 W ~ ~ 2 1  

parklrlgrpacr.. r~npadmo~s#n$~ Hung lahlps For rntormalkon id11 
19141 969 IfJFrl 

NEW YORK: Seolember 6 Ham 0 Rama b Comoulerlsl '86 

Grcr~nawi~y Alvrl. Cheeklowa!~a. NY 14225 

NEW MEXICO: Sepleml~er 27and28 Camp Slanw. 8mlescasl 
ol S,#nta Fe Saturday ARRLJVEC exams. Free camping at 
CampS~ancy Sdlllrday n~ght No honknops Stlnday. ta~lgalr Ilca 
mn!k*! Rrq~st,.~l1onS5,Wlor ad~1llsnt1d52 Wfov k~dsu!ldcr 12 
Inclu,lrsSttrrl;$r BRO Talk rton 146 22 82rapcale~ of 146 52 Frl8 
mor~ ~ ~ ~ l o r n ~ ~ t ~ ~ ~ r  SASE to Ali8n HIII. NSHGC. 2020Callv Ptvdlr. 
Sanln Ff.. NM R1%15 

MICHIGAN: Ocloher 12. Ham Fa# '86. Mlchlgan National Gunrd 
Armnrv. Z m  S Wash#nglor? Av~n!lr. Latlr8ng 8 AM lo  3 
PM Dvalel uls. rwapshq,, h~lndcrafexl I lmr .  FCCeramsslan 
tnq 1 PM Reqosler lor crams hv Setltrnrb~r 12 Donallon $3 W 
i+tl~dts Hanrlv ~p lactl~lmon ~ # P ~ U % G . %  FOI ~mlormrl!lonamlt~s~~r 
vntrtns Row?n.l El#o#l. KABOBS I1 1 Lancrlol Pl;lce. Lnnslng. 
MI 4% 151 11 4R7 LfiW 

PENNSYLVANIA: Sw!emht.rZU 21 Ymk Hamlesl s(nnrol .41~ 
1131. Yurk ART. K,.y%lnnt.VHF CIIIII, P ~ n n  Ma! RC,lnd H111410[) 
T , a n r ~ ~ ~ ~ t f t r ~ q A r r o r . ~ i ~ t t o n  Ywk Fnr$~rot~r>ds. Rt 14, NRruurw~ n l  
8ht.rlly Sc.n18ni(8). Idllqnl!n!l. r l~~plays. l~al1q~oel dnrl F C C P X ~ D ~ ~ C  
Sx#tjrrley T,ulcl,~~~r~q ,a t tc l~ los l~ l~ybS~~,~da~ RP!IILI~B~IO~> $3 IKl~le* 
f1.t~ or $5 W Ilnll> rlibys Wc?n~r.n A F I ~  chrlcl!~!!~ !$rltlvl 12 lll.ll 
~ a n r l , ~ ~  $10 I ~ V I  ~ ~ e ~ r , ~ r ~ a r i v . o n r . r . r , ~ g ~ ~ ~ r a ~ r ~ n  r,nly T.~nlgatnnq $4 
1x.c ddv or $6 lor la,thrI,~ys Itlcbur 4rc.d l ls l , l~~ 15and $11, I)<.! ddv 
Ycrk Hnmlr~! .  I{or W. Dnve.t. PA l/315 

NEW JERSEY: October 4. The Orange County ARC wil hold 
115 Hsmlerl and Aeclkon. John S. Burke Catholic Hqh School. 
9 AM to 3 PM. Taolgnlmng 53.W. Setup 8 AM Ltccnse esamr 
slatt8ng9 AM Admasrlon $3 Dn Tables S7.M Talk an an 146 76 
Rp! and 146 52 mnpkx For rnwe in lo rmt ind l  Bob. WBZENA 
IM1) 767.6698. 

~ - 
MICHIGAN: Seplemhet20 GRARA Swapand Shop. Hudson- 
vllle Faorgrounds, Hudwnnlle Own 8 AM. Admission $3 a). 
Rc?served tables 14 W For 6nlormatton and reservalmnr Larry 
Kozal. K8PUJ.864ColdhraokNE. GrandRapds. MI49503 (6161 
459 8721 

- -. 
ILLINOIS: Seplemhsr 21. The Chicago ARC will hold an Open 
Hnt~ra~nconlionctionwzthitsMthanniversary. 10AM to8PM at 
Ihc Nonh Park Vllage. Y a l  N Pulasko Aventne. Chlcago. Swcral 
evcntslal#onan20innd40mSSB w~lloperatedur8nt~lhosa hours. 
All hams and l h o s ~  ~nlsrcslrd In Anlaleur Radtoara lrtv~lad For 
~nlormatnncall13121 '35 Jj32orwrrleCARC. 5631 W IrvlngPark 

OPERATING EVENTS 
"Things to do .  . ." 

Seplember4-7: The Slu Rockalellow Amateur Radii SocDN of 
Plymo~~lh. MI mll Ix~dCblaltng lhen251h annlverrarv.m conlunc. 

~ 8 t h  the P l y m o ~ ~ ~ h  Fall Fcsl~val. operalong radio stallon 
W3N.IH Acertafbcale w!ll Ir. trrucd lor OSLand SASE OSL v s  
W8NJH or WDRIAE CBA 

- -  

Saptember 6: ATbT Bell Labs Whoppany ARC wall operate 
WZTW. l rXlZ lo  2MOZ commemoratnng !Is 30ch anniversary. 
01,rraItannn lower panoonsol 10 80Gcneral phone bands. Far a 
OSLsmdSASEnmfOSLtoiYR2OOO Rlck Anderuln 243Moun 

Seplmber6:The IGOMetr, Bt#lletonSSBCont~I COlZlo24a)Z 
Sapternhcr 7. S ~ ~ j l c i l n d m u l l ~  olleralor clasres. Sendlogslo 160 
Mr,tr?r Ht!llahn c:o R Knroumk~~wrkt. KAISR. 5 Watsorl Orvc. 

Seplwnber6-7. The RnaaA-.~rxrrtin 01 tue lW3GVI mllcom. 
tn#nrmofatr CommMorr PPI~Y I V  r lntynl I~PB~IIIPoI Lake E t e  
, l ~ ~ # ~ ~ ~ ~ ~ l h e W d #  01 IRI? OAM 10912M SaIurOav ~ ( l ( t 9 A M  IoSPM 
S#nrlri.;v local I ~ T C  Asp~~c#;?l.~llcnllr! will be made lucontacl llkc 
ufsu,lsol tho1 ~rrirxlno~clo!ht~r ( i t~a!  Lakm Hslorot:nlVsrrh Sun 
d;by .,I 1 PM Sp~cnill IlSL arid ltrsl~r~cal ~nformalron or, Fl.$grhrp 
N#.~garav~a W3GV. POHorKU, Lrlc. PA 16512ar W3OSL Rureato 
lo! L>X Sl;>!#ons P1ew.r s c r ~ l  I,t8soners SASE 

Smtember13.14andM.21: TheVallevolIheMoon ARC woll 
o~tal~c~~cc1al~v~nlslnt~unN6KMtocommemari l lewrlcr .  Jack 
London. author o1"CallottheW~ld"and "Thesea WoII"lrm h~ 
hemp, Woll Hmdrean.lnrk Lr~n~lonSlalePark. Glen tllen. Cal!lo# 

TOWERS 1 r 
1 ALUMINUM - cnn) up 

Kl FI Alum. M*11 T 140 
cnnk.up TELESCOPING ICRANK.UPI 
Mods1 1 M l H  GUYED ' 5 l A l  K.UPI 

TILT-OVER MODELS 1 Easv to Install. Low Prices. 

EXCELLENT FOR 
AMATEUA COMMUNICATIONS 

CA slot8nns In asntarly CA ~.nunl~esas porr#hlc!. Staloor~s l r t  CA 
work anynnn C A s l i ~ t ~ o ~ ~ s w ~ ~ d O S D n ~ ~ m l r r a ~ ~ d r o ~ r n l y  Otols#d~ 
s~a~~ot~ssmdOSOn~r~nl~aran~lslalcrprov~ncc!icounlry Alllolls 
and sommarvaheets rnurr he send to NCCC c / o  Gary Caldwt~ll. 
WABVEF. IRXIPolk Streel. Cr,nt:orrl. CAW521 by Novembt? I. 
1% 

n u  ALra~o!~l~~lBxl I rrrl8lralr a~tlabblor Immm!~. m lh  London's 
prrltmrt. .and II~L.II~IV. 17 .3~,30li1l~ls~ 101 rl OSL card ,+r~d $1 W srut lo 

fl 180 
VOMARC. 3E8I'illlenStr'r31 Sc,nornil. CAW76 For a n ~ ~ n l ~ ~ l r l N l  

September 7-14: Southern Counlrs ARA w!ll operalespsclal 
cw.nl rlalton K2BR dlluonq !he Mcrs America Pageant. Allnnloc 
C~ty. Nrw J,vusv OSL SASEvlaSCARA. Box 121. Llr!woorl. NJ 
W7?1 

c c ~ f t ~ t ~ . ~ ~ ~ .  ~ I v d s ~ ~ ~ n r l  9x1;) SASE 

Seplmber 27: CalolorrnaOSO Pany Sponsored by !he Nonhnn 
Cill~tornta Conlest CIIII, Slnvonsoulslde Calolorn~n work as many 

September 6: The Werl Alabama Amateur Radta Soclely will 
rpnr>so# .I Specla1 Event Stallon 8" honor 01 calleqe lootballand 
~t~greales!~o.+*lcl~. Pntol"Bri~! 'Bryan1 LaStenlov WD4DAT Iron? 
IYXIZ ro2X lZ  To receov? l l ~ e  hand~omeBr11 crrt8ltrnle SASE 
w81l1 v c ~ r  0 5 1  catd lo WAARS Snactal Evcnl. PO Hnr 1741. 

MAKE CIRCUIT BOARDS 
THE NEW. EASY WAY 

Seplember 28: The Mahnnarn] Valley ARA woll wtaleW8QLY 
from Ho,~rdman Park during lhc Annual Rolary Oclnb~rlt?sr 
Cr~lchmlton Flcq 40ilnd20phone. 145 01 packf?t Foe a q,rcl;d 
(1st cert!locatc. se#td sla!>d,#rd SASE I" MVAHA Oclnl~vrl?.sl 
Stntlon. PO Box 29%. Youngstown, Oh804451 1 

W.E.C.A. IWeslchestnr Emergency Cammtmcal~ons Arsocta 
tlonl mrl~ales Equopmrnl'"E1tntv" Banks lo  help new hamsgol on 
111,: all Mure ~nlorm.~l~nn wrltv 1ht rluh a! PO Box 131. Nnrlh 
Tarrvlown. NY 10591 

OX CERTIFICATE. Nlgcroar! Amateur Radlo Socletyanrlour~ces 
1tr"NARSat25Awarrl' Torrar,ota~jemor~conIa~tr*rthN~qrr~an 
Amiltru# Ra~l~c,sli$l~ans DX +Ial#onr n m l  tnwork onlybNalrr*n 
Itam slal$nnr taohldon lhls DX crrl8lcalp Senrlpronf 01 < nnl.#cl 
~,ltns$', W t o  NARS.*t 25Awa8rl. PO Box 2873. Lagos. N!clr,r#.a. 
Wprt Alrlca 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 

HAM RADIO MAGAZINE 
Greenville. NH 03048 

WITH TEC-200 FILM 
JUST3 EASYSTEPS: 

Copy c t r c u l t  on TEC-200 film using 
any pla~n paper c o p t e r  

Iron f i l m  on lo copper clad board 
Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 
a,$,! s1 OII  l,,,.,l ,,,I v - P4k rc,, ad,l ,,,,IPS I,,X 

The MEADOWLAKE Corp. 
D e p t .  H. P.O. B o x  497 

Northport. New York 11768 

SAY YOU SAW IT 

HAM RADIO 
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101 Amfor: 
des and al l  

R : 
:ORPOR 
ria Machi .  

Commrc ic  
of tlie CC 

VDAR 

rith , 

J a p a n  

IN COMPUTE 
.."a,. 

SUPERIOR WEAK SIGNAL PERFORMANCE 
COMMERCIAL MODEM 

IMPARE w.... ANY unit at ANY Price 

THE WORLD OF VHF/HF PACKET*, 
CW, RTTY, ASCII AND NEW DUAL 
AMTOR** IS AS CLOSE AS YOUR 
FINGERTIPS WITH THE BRILLIANTLY 
INNOVATIVE STATE-OF-THE-ART 
MICRO-COMPUTER CONTROLLEI 

SPECIAL SAL 

38diO-S7uvrrs~ 
I E D H S H I F T  BUILT XTERNAL M v r r ~ ~ u n  J M L ~  - IIM~~.OCKON 

SCRttm . I ~ m t u  I nANsmlssluN nnv ntCElVlNG SELCAL CR~DI HL WN I~ULLCU n r a n  MUUUL~IOR WTOCOUPLER CW. FSK KEYER ASCII 
KEY ARRANGEMENT 15 CHANNEL BATTERY BACK-UP MEMORY 1280 CHARACTER DISPLAY MEMORY SPLIT SCREEN TYPE.AHEAD BUFFER 
FUNCTION SCREEN DISPLAY PARALLEL PRINTER INTERFACE SPEEDS CW b l W  WPM (AUTOTRACKI 12-300 BAUD [ASCII AND BAUDOT). 12-BW 
BAUD TTL. 1W BAUD AROIFEC AMTOR ATC RUB.OUT FUNCTION AUTOMATIC CRlLF WORD MODE LINE MODE WORD WRAP AROUND 

Everything Built In - Including Software - Nothing rise TO Buy! 
'SPEEDS CW I l W  WPM (AUTOTRACK). 12-m)BAUD (ASCII AN0 BAUDOT) 12.600 BAUD TTL. AND RSrj20R TTL LEVEL DATA CONNECTION - 1W24W 

BAUD (ASCII) OR 45521x1 BAUD IBAUWT) SELCAL MEMORY 15 CHANNELS +768 CHARACTER INPUT BUFFER AUTO PTT cw ID DIDDLE 
USOS ECHO AUTO CRlLF ATC RUEOUT CW PRACTICE GENERATOR VARIABLE CW WEIGHTS TEST MESSAGE (RY AND OBF) FULL CUT 

FUNCTION DISPLAY MARK - AND - BREAK (SPACE - AN0 -BREAK) SYSTEM XTAL AFSK AUDIO MONITOR OSCILLOSCOPE OUTPUTS AN0 MUCH. 
MUCH MORE POWER SUPPLY REOUIREMENTS 13 8 V DC. iWMA SEE 9W x 100 w 2'bH 90 DAY WARRANTY 

EXCLUSIVE OlSTRlBUTOR DEALER INOUlRlES INVITED FOR YOUR NEARES 
AMATEUR-WHOLESALE ELECTRONICS 
8817 S W 129th Terrace. Miarnl. Flor~da 33176 Telephone (305) 233 

MANUFACTURE 

- 
*PLEASE CALI. FOR DE 

re EXL.SM)(IE Incorporate, ~omplete ly  wpnrate modems t o  fully K U D P O ~ ~  t 
rtidatlons 476 2 lor cornrnerrral requlrernents 

Speclficatlons Sutvec~ to Chnnw 

' ADVAR 
R COMN 

T DEALER ( 
tEE...80( 
-mi T e l  

JR TO ORD 
E-327-311 
ex: 493071 
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circuit boards keep 
pace with electronic 
developments 
Many of us may view printed circuits 
(PC's) asone of the necessary, but less 
glamourous aspects of modern circuit 
design. But the people whose job it is 
to keep pace with developments in cir- 
cuit evolution have done some rather 
marvelous work in the PC area. For ex- 
ample, take a look at one of those plug- 
in cards for your personal computer - 
you'll see 50 chips, a ton of compon- 
ents, thousands of interconnects, and 
hundredsof circuit lineson six layers of 
PC! Chances are you're getting all this 

etc. may have line widthsas small as one 
thousandth of an inch. Since the 
characteristics of filters at high micro- 
wave frequencies will depend on ac- 
curate physical dimensions, great care 
goes into the selection of the piece of PC 
material that will be used for a given de- 
sign. At these frequencies it's not un- 
usual for a designer to finalize his design 
only after he has procured enough ma- 
terial to assure that he can make all of 
the circuits of a given type that he ex- 
pects to produce. 

Next time you pick up a modern com- 
plex circuit card, remember that the 
card itself is one of the miracles of our 
current revolution. 

hand words. If they don't match in a cer- 
tain way, one of the words is replaced 
and a new sequence generated. This 
process can be extended to sevral lev- 
els, and the code can be changed almost 
continuously. If you think fora moment 
about the size of number like 232 times 
256 you will quickly see why this system 
has substantial security - the number 
of possible combinations is astronomi- 
cal. A t  this time there are no validated 
reports of any person or organization 
having successfully developed a techin- 
que for decoding DES data without a 
prior knowledge of the code. 

Several companies are already pro- 
ducing both encryption and decoding 

for a couple hundred bucks. systems using the DES standard. Al- 
Manufacturing modern microwave signal encryption though the cost is still a bit high for the 

PC's requires a degree of magic just techniques reach maturity very low end of the business communi- 
slightly removed from potions using bat 
wings and butterfly ears. 

Because of thevery small dimensions 
associated with frequencies above 2 
GHz or so, the stability and dielectric 
characteristics of the substrate become 
a limiting consideration. Teflon and 
ceramic dielectrics are used extensively 
- but these arevery expensive materi- 
als and may cost 50-100 times as much 
(per square unit)  as conventional 
commercial-grade board materials. Be- 
cause of the dielectric and radiation 
losses associated with microwave fre- 
quencies, it's not uncommon to have 
the dielectric bonded to a metallic struc- 
tural member. This provides shielding, 
thermal conductivity, and all-important 
dimensional stability. The copper foil 
used in such applications is electrolyti- 
cally formed and may be only 50 mil- 
lionths of an inch thick (remember the 
"skin-effect" at very high frequencies). 
Transmission lines, filters, inductors, 

Recent legislative activities aimed at 
preventing the reception of certain com- 
mercial signals may be less relevant in 
light of the technical meansfor security 
employed by many electronic commun- 
ications systems. In the early 1970s a 
data encryption protocol called DES- 
Date Encryption Standard was devel- 
oped. This technique is used to protect 
computer records, financial transac- 
tions, diplomatic traffic, and so on. 
More recently, the operators of broad- 
cast satellites have begun using DES 
subsets to encode entertainment sig- 
nals for C-Band satellites. 

The basic technique is along the fol- 
lowing lines.. .The data is organized into 
64 bit wordswhose rightand left32 bits 
are swapped in accordance with a cod- 
ed scheme. The code is a 56 bit word 
which organizes the structure and rate 
at which the32 bit words are swapped. 
Additional logic operations are per- 
formed to compare the right and left 

cation market, pricesare coming down. 
As it has done for us in so many other 
areas, the TV market is providing the 
impetus for mass production of DES 
decoders. One can only hope that those 
commkrcia~ users who would support 
highly restrictive legislation on the use 
of the airwaves, can be equally en- 
thusiasticabout using modern technol- 
ogy to protect their customer interests. 

The possible amateur uses off these 
advanced coding techniques is not 
clear, since encryption is prohibited in 
amateur communications. However, 
the basic techniques (and especially the 
custom chips) might eventually make 
low cost audio and video digitizers avail- 
able to the amateur service. This may 
made possible considerable improve- 
ments in spectrum utilization through 
data compression and frequencyltime 
multiplexing. 

ham radio 
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BLACK DACRON@ POLYESTER 

ANTENNA ROPE 1 
* H I G H  ABRASION RESISTANCE 

* R E Q U I R E S  NO L X P L N S I V E  
P O T T I N G  HEADS 

*EASY TO T I E  L U N T I E  KNOTS 

*EASY T O  CUT W I T H  OUR HOT K N I F E  

* S I Z E S :  3 /32 "  3/16" 5/16" 

* S A T I S F I E D  CUSTOMERS DECLARE 
EXCELLENCE THROUGHOUT U . S . A .  

LET  US INTRODUCE OUR DACRON'" 

ROPE TO YOU SEND YOUR NAME 
AND ADDRESS AND W E ' L L  SEND YOU 
FREE SAMPLES OF EACH S I Z E  AN0 
COMPLETE ORDERING I N F O R M A T I O N  

... ,. . .., .. 
synthetic 
textiles,inc, .:,,,, t;.'.,".' """ ' " 

" , . , .... ,, . . ,."., I 
I REPEATER VOTER 

4RV Four C h a n n e l  Repea le r  Vo te r  

Slgnal l o  Noise Type 
Expandable l o  32 Channel by Just Addlng Cards 
Destgned lor Cornrnetc~al and Amalevr Servlce 
Conltnuous Instant Vollng 
Dual or Scngle 12 Voll Supply 
LED lndlcalors o f  COR and Voted Slgnals 
Fronl Mounled Level Pots 
Bull1 I" Callbrator 
Remote Voted lndtcators Plnned Oul 
4 %  ' x 6" Double Sided Gold Plated 44 Pln Card 
Unsquelched Audlo lnpul 
On Board Audlo Swllchlng and Mlxlng . Audlo Mixer Input Available lor Exlernal lnpul 
Open Collector or Relay Conlacl lnput 
Open Collector NPN Output 
Remole D~sable Inputs 

I 
More 

4RV KII lncludlng board and parls wlth 20 page 
manual $200 00 
Bullt. tested. andcallbratsdwlthmanual $350 00 
(KnI urll be drsconllnued Ocl 1986) 

VOTER Hall Electronics "'" 
815 E. Hudson Street 281.8871 

Colrmbu6. Ohio 43211 

,- 

FREE 
BOOK 
FLYER 

Send SASE to 

Ham Radio's Bookstore 
Greenville, N. H. 03048 

\ 

m 'a 
Don't buy from Hamtronircs . . El lm rn 

IE m 
Unless you want the best possible equipment m 

n at the lowest possible price! ! ! rn 
I lm - 
I I 
I The "wheeler-dealer" is back and he's beating E 

everyone else's "deals." I 

I I 

We all know there's no such thing as a free lunch . . . - 
I I 
I so How Can We Do This? I - We don't run alot of ads featuring sale items I 

I I - We don't spend alot of money on full page ads I - We don't have sales on just the fastest selling - - - - products - - - - We don't short cut you on service. We are a factory - 
- warranty' repair facility for everything we sell! - 
- - 

We don't mail out free catalogs 
We don't have a free WATS number. 

- 

- You and every other Ham customer is paying for all - 
- these do-dads and sales gimicks. - - - - Hamtronics puts the savings into your pocket. - - - - Hamtronics guarantees to meet or beat any advertised - - price on every item we sell. - 
I I 

I Hamtronics Has It All! I 

I I 

I I 

I Let Hamtronics be your Ham Radio equipment dealer. I 
We're celebrating our 35th year in the Ham business = I 

I at the same location. I 
I I 
I I 

A DIVISION OF TREVOSE ELECTRONICS I 
0 

4033 BROWNSVILLE RD.. TREVOSE. PA 19047 - 
(215)357-1400 Q 

NEW FROM ARRL 
AMATEUR RADIO FIELD RESOURCES GIL-A collection of classic OST cartoons 
DIRECTORY 1986-87 drawn by Phil "Gil" Gildersleeve. WICJO 
1 1 . i ~ .  .1 I)~~I..I!III> 111 11 111, 1811~ can a n r , ~ ~ ~ ? ? ? ? ?  I T  I I 2 , I h 1 i 1 1  I L I I  r i ~ ~ i l ~ ~ h u l r i l  
I ~ 1 1 1  111,- kl1111. tiaqes llsl ltir lalks who ov?r 1500 drawlnqs atid cvv t . l  lo 0051 H.lnis 

C ~ I I  ,IIIIIII\I BIIPNP~ .III) AII~.III~III Rail10 relalrd n~r ln~ id  Ihv wr~tlrl ~ r ~ c ~ ~ r l l ~ t i t ,  Jl,,'v!,c 1111. l1,111tly 111,111 
p~ i r l i i r~ t i r  or IIIIP'I~IIIII ~ I ~ I I  r ~ i 1 1 1 1 i l  Iiavft ARRL DIII!C who c o ~ ~ l d  11;11i<Ile ltj:,l d h o ~ ~ l  ,triy ~ t r o ~ ~ ~ i : I  dnrl cat1 
lor5. vlcr I ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .  , ~ ~ ~ , , , ~ l ~ ~ ~ l ~  A ~ ~ I ~ ~ ~ ~  ~~~~~~~~~~l~~ Irlt~ti l~ly 111e11111t'15 01 I h ~ w  ~IIJ~I:. III ti11 b F11'1tl D,IV 
111emher\. ti1'11l vtilunl~~f~r.;. V I C  Vrilllntrer e x .  covt!rs Full Ic.ld~nq lor ncwcr~~ i i i~ r \  1ius1.rl~1.1 101 
~IIIIIIR~'~, all or1iar11;1~11 ;~!~rtqr;~lititcally hy ARRL OIVI old llnlers qrval  rt~adlnq Ihlr ~ l l '  . 1986 110 paqcs 
!,lrrrl The R~II .  p . t ~ e ~  I:IIII~,IIII n OST 10 year AR.GL Sonbound 55.00 
I:IIIIIIII;IIIVP II~II?* Ol < . l l i t l  G,~lewilv I i l h l ~ ~ q ~ d p h ~ r s  P le ,~s~  rnclusrj 53 50 In crlvrr slllprl~litl ,11111 llallOllilll 
TIS llllo nrlll IIIIIII!I 1 i,wy 11:1111 ~l11111111 IIAVI' ;I I:IIII~ 
111 Ihlr h ~ l i h  111 1111~11 ~,lh,$l k 1986 ham - 

AA.FRD s2.50 r d o .  BOOKSTORE 
Greenville, NH 03048 a 
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The Nicest & 
, 

'4 255 

Things Come > ,&pg3 

Packages. 
The SS-32HB is a new hybrid sub-audible $29.95 each 
encoder plucked from Communications Special- 
ists' Hothouse. It has grown through a cross of 
the time tested SS-32, the subminiature SS-32M 
and space age micro circuitry. This program- 
mable 32 tone encoder measures a scant .5 x I .O 
x . I5  inches; no small wonder it allows the addi- J 187 
tion of continuous tone control to a bunch of flCOflFlFr[lfl.!KP T,.llk'$ 
hand held transceivers that lack space. P- xT,pF~!:!>r .., f r  < ::y 

Why not snip your problems in the bud, with L\ I . , I [  !\\c.. I )r;~ngc, (':\ 'J?Ofi5-4?0(> 
our fast, one day delivery and attractive one year I ,I~.,I i j ~ . ~ ~ c ) o s - ~ o : ~  • I:!\x (714)~~74- :4?11  

m - 
VISA 

warranty. Entire L1.S.A. 1-800-854-0547 - 



Introducing 
all-mode radios 
foryourmode . . ' , ' : ,  1 .  

,. . 
. . - . 

. . -. 
, . . . .  -,. . . . of trmel. . - . . \  . . . . . . . . .,: . . . . . . . .  . . . .  . . . .  . . . .  . .  . 

. . . . . 1 -  . . .  . - 
Yaesu's 2-meter FT-290R and 6-meter FT-690R- - : 1'. - .,: {T- ; : p. .' . . . . . .  ..I , .  . -,'- . . . . . . . .  . . . . . . . . . .  . . . . Mark I1 Series are the perfect all-mode . . : ' . :., . . . . .............. . . . , -. . 

traveling companions. - . . . .  'Cr -.. " , . . . .  . . .  ... 
. . 

, . - ' . . . . .  . . .  . . . .  . . . . . . . .  
. . On the road, simply snap on the heat sink,;: . '  1 .. 

,. - . . .  R.. . :. y; . <.-. :: .. &; ... apply 12 volts of power, arid you've got a.25-watt. - - .  . . . . . . - . . . -  - . :  . . - -  . ,.- . : - (.,> .,..' . . . .  . . . . . . . .  . , ,..( . . ' *  

mobile station. (FT-690R: 10watts). . . .  . . .  ....:..-..c . . .  ..... ........... ..... I :  

. On hot, attach the opl.ional C-cell batterypadk., ' ;:-:: : - ~~,i"..+'i: . . . . .  : . , :-.i),-r;-'..- .... 
.A .. \..,.: .> 

.' - ....... 
' - and shoulder strap, and take off with 2.5 watts " . . . .  . . .  . . .  . .  . . . . . _ . .  . .  . " .-..-, '. . . _~ . , . . if'.,. . .  . . . . . . .  RF:output. . .  , 

- ' :  . . ..;..; . ? 
.+. 

**.- ..... L< . . . .  < . . .  ., , :. ,?. ..;... .: . . . . . . .  . . . .  
- . you get around fast on SSB, CW and FM with 'tei - :. L:, .! .;>! -,... : : . .  - *:f;;+:;..;. . - . -  . . . . . .  .... 

'. , -r.t . memories; dual. VFOs, LCD display, automatic storagie-of . .':],:L 1 . .  ;.:. . . . .  -:,.i".. :.. .. :.. ... e'= : ..... 
.. .. . o..#7'--.3; ::. repeater shift into memory register, offset tuning. during -.:'-: .I.. - - , .. . .  ; ;- - .". ....- - .." .. . . .  

., , ; * b,; ,:?.t;'< > .>>' 
..' ...:. .. seceive or t,mnsmit for sat.eIlit,e operation, relative power [ '  f . ' ~  ....'.!*+,-1 ..; ..,(--. i - .  i.: 

- .  . , 
. ' -  .... ....... n~$plit~lS-meter, and optional CTCSS unit. , . _ , .  <.+.,.r .:'i & -  :. 

. , , ,. ;. : ?<'r. .,,. - .  . , - .  :..*i +>.. :. .:<.-- .'..* :.;.2.. -54; rything fits into a lightweight-yet~r&ged case; . :  .... . : - -  ,,. ..:....:l--.:: .;..il . . -  :siiii: . . . .  - .. %. . . .  :, .. ;::,,:, ... . . .  ust 2?4 x 6% x 8% inches. 
4 

. .-' I .  , , . ,  ~. . _ _  . .k.-,:.. 
290R and FT-690R Mark I1 are peiifect for -eker-:- - .:-z:-;'%~.; - : ,.v4 

..... ncy-use, camping trips, talking around town, ,and- DX  work:?:^::. ; -',: ..;,? .. :. :; ,* '-. T~ .-. : ..,I---.., Y-- - . J.:. ,., 

...... : Pit~s each is priced to maximize your ham budgetk'mileage.." . .: :# .;-::r: .;;..;.?":;I' ,-..,... : .: r; 
..-... ...: $0 discover Yaesuk 2-meter FT-290R MarkJ and .&meter. :.< 1. ;;:!..?:.;;,-h. % 1. 

11, all-mode transceivers today The$re just~.a-'qui&;: . . .  -. .- ;::1:.,:". ,,.- - ....... P: -!:: I,,: ze "'1:- - .i. . .  . .:. - 
. : . ur nearest Yaesu dealer. -- _ _ . .  I * .  . _ . . . . . . . . . .  .: ..L-=:k:.2:, , *.,.-,..$ . : 

. . . .  
1-7- 

, . . , .' I . - C- 
. < +. ".. 

. . . . . . . .  . . . . .  
. . . .  . . .... ... . , .  

Our 30th Annil~ersaly. 
"-USA 17210 I ~ I \ Y : I ~ ~ I s  l i o ~ i d ,  ('(~rrilos, (':\ 9l l7i l l  
Customer S~rvicse: (?]:I J .lO.I- 1SS.I Rrts: (21:;) 

ServiceCenter9070 Gold Park Drive, Hamilton, OH 
. . . .  

P r i i l ~s  all11 s l i ~ ~ r i l i c s t i ~ ~ n s  s11t1j12r.i IO rllangr rvilhout . . .  
......... . . 

. .: I _ . ,  



w 
-/-/-n C~mr? . ' ~?  high gr r tn rm^?ce CF ~ r . ~ , s c ~ , v ~ r  CI! , IT~,~~>IF CII.,I ! , 7 , f l L ~ o  

c/ C, wtth 9 e n e r ; r l  ~ o v r r : ~ ? ~  !:>cciv~r - I ,  I ~n+t i>orv  L !I ~ntli ' lc, 
t I t ~ f I I 1 I~ I l I ~v  ;1111I 1 1 ,  I!!,' Il1;lV Iil' ',1!)1,'11 111 

Kenwood's advanced digital know-how 
brings Amateurs world-wide "big-rig" 
performance In a compact package. We 
call ~t "D~gital DX-cltementW-that special 
feeling you get every tlme you turn the 
power on1 
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1 1 1 I )  LI!; 1 0 F l l I  I 1 lly 1 ~ 1 o ~ l 1 1 1 ~ l l o l  
t i 1  Al4li'> I[,, 1 ,11,)11 
D l rpc t  kpvboa rd  ~ n t r v  n' f r r a ~ l r l i ~ v  ~, 
All m o d e s  built-ln - i l r  l ~ l t e r  iun<:t lons 

IISR, 1 SH. CW. AM. FM. Dual  5SA IF f ~ l t e r ~ n g  
n n ~ l  AI-:;K. L4ndr. A 1111111 III :iSH l11lc1 IS 

.;~,lrrl~nn IS v e r ~ f ~ c f l  sl:~ntl;lrrl W l i t ~ r l  ; t i 1  

MIII,,~: Code (~)IIL>I~~II SSR f~ l l t ! ~  
Bu i l t - in  au toma t i c  cYk W ! S  L I ~  YK AHSNI is 
an tenna  f l lner  I. ~nsl;iiIc~il, dual lrll i:r~ng 
(op t  tonal) 0 IS [ l l~ iv l i l f ' r l  
CUV*~!:. f i0  I(? mc l r rs .  . l / ( 3 X  ';III I), somi 
VS-1 vo ice  syn the-  / I  iir,,ak-ln CW AhqTOR 
sizer (op t lona l l  r r .~rnr>?t~t~l rz,  

opllor~<?l , :  
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A .  I I I I  I I 1 1 1  ltn 
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1'5 :+I! 11!' III!W"I strpplv S P  ,130 c.rlr,trt;~l 
.Tctt,:~h#.r .rvll% . l . i~ l  $r~,>t,rlf~ ni,xi~>I~nq t,r:lu h ~ l  
. \K H-ICItO?I~:N '~011 Hii'2T(l 11: l:W lillr91?; *Yh HRS- 
8:jSPI .'.I hti:I! !>, hll: SSli l ~ l l ~ r s  .Mr. IiOA!HIl/H'~ 
<lt...k r l ~ l i  ~ ~ ~ j ~ l ~ ~ ~ l k ~ ~ ~ ,  AAf.:~Llr, lHI1l 1111 111111. t l l l i  1 1 1  
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