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"4 Dual Band Mobile & Handhe 

Dual Band Radiis from ICOM! 
Double your operating pleasure with Icom's new dual 
band IC-3210 mobile and IC-32AT handheld FM trans- 
ceivers. Each un,it incorporates a wealth of.special 
features and opt~ons des~gned to move you Into the fore- 
front of today's expanded 2-meter and 440MHz activity. 
Icom dual banders: the FM enthuslasts dream r~gs!  

Wideband Coverage. Both the IC-3210 and 
IC-S2AT receive 138 to 174MHz includin all NOAA 

M % .  weather channels, transmit 140 to 150 z Including 
MAKSKAP, and operate 440 to 450MHz. Total 
coverage of today's hottest FM action! 

Full Duplex Operation,. Simultaneously transmit 
on one band while recelvln on the other for Incorn- 8. parable dual band autopatc ~ng !  

20 Memories. Store an combination of standard or 
odd repeater offsets and sutaudible tones. 

Powerful! The IC-3210 delivers 25 watts output on 
both bands. The IC-32AT is five watts output on both 
bands. Selectable low power for local use on both u n ~ t s .  

Programmable Band and Memory Scanning,. 
lnclr~des easy lockout and recall of varlous memories. 
Excc~ptional flexibll~ty! 

Repeater In ut Monitor Button. Opens the 
squelch and ct?ecks Tx offset s~multaneously. 

Priority Wvth. Monitor any channel f i r  calls 
wh~lecontinu~ngoperatlon on another frequency. 

Optional Beeper. Monitors forcails with your 
subaudible tone, then gives alertlng beeps. 

Double Your Bands with Icom's dual band 
IC-32AT handheld and IC-3210 mobile, and double 
your operating pleasure on 2-meters and 440MHz. 
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ICOM 
First in Communications 
COM Punencq ~ 1 3 8 0  11M Ave h I  M w  WA9BOOd CuslomrSrvlcsHome(206)151-7819 
31% RBnm h e  Sqe 126 TX 75063 1T7 M n  Palxwav SLne 201 AWt%GA -9 
m M r A h A M  A n r . w d C g M 2  OW Wll 6% b Y 9  Rch- 9 C  J6X274C- 



THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 

Initiate phone calls from your HT or mobile 
Receive incoming phone calls 

N ~ V V !  Telephone initiated control. . . 
- Operate your base station with complete control from any telephone 

Change frequencies from the controlling telephone 
fl Selectively call mobiles using regenerated DTMF from any telephone 
Y Eavesdrop the channel from any telephone 
fl Use as a wire remote using ordinary dial up lines and a 

speaker phone as a control head. 

Private Patch IZL 
Dl\C * 

CCMV, ,. ! V  ,k 

The new telephone initiated control 
capabilities are awesome. Imagine 
having full use and full control of 
your base station radio operating 
straight simplex or through any re- 
peater from any telephone! From 
your desk at the office, from a pay 
phone, from a hotel room, etc. You 
can even change the operating 
channel from the touchpad! 

Our digital VOX processor flips your 
conversation back and forth fully 
automatically. There are no buttons 
to press as in  phone remote 
devices. And you are in full control 
100% of the time! 
The new digital dialtone detector 
will automatic'ally disconnect Pri- 
vate Patch IV if you forget to send # 
(to remotely disconnect) before 
hanging up. This powerful feature 
will prevent embarassing lock-ups. 

The importance of telephone in- 
itiated control for emergency or 
disaster communications cannot be 
overstated. Private Patch IV gives 
you full useof the radio system from 
any telephone. And of course you 
have full use of the tele~hone 

,, NEW FEATURE 

system from any mobile or H'T! 

To get the complete story on the AM,9~,","k,E,L~7Tfi%IFI,"~\pLY 
powerful new Private Patch 1V con- ~ ; ~ ; , & $ N ~ r * a l e r  FL. 

tact your dealer or CSI to receive BARRY ELECTRONICS CORP. 

your free four page brochure. New Yolk NY 
EGE. Inc. 

Woodbrldge VA 
Private Patch 1V will be your most 

ER,cK,NcoMMuNlcATloNs 
important investment in commun- Chicago IL 

ications. HAM RADIO OUTLET 
Anahelm CA. Eurl~ngame CA 
Oakland CA. Phoenix AZ 

/ 186 San Dtego CA. Van Nuys CA. 
Allanta GA 

Connects t o  MIC and ext. 
speaker jack on any radio. Or 
connect internally if desired. 
Can be connected to any HT. 
(Even those with a two wire inter- 
face.) 
Can be operated simplex, 
through a repeater from a base 
station or connected directly to 
a repeater for semi-duplex opera- 
tion. 
20 minutes typical connect time 
Made in U.S.A. 

OPTIONS 
1. % second electronic voice delay 
2. FCC registered coupler 
3. CW ID chip 

CONNECT SYSTEMS INC. 
23731 Madison St. 
Torrance CA 90505 

Phone: (21 3) 373-6803 

HENRY RADIO 
Los Angelrs CA 

INTERNATIONAL RADIO SYSTEMS 
Mlarnc FL 

JUNS ELECTRONICS 
Culver City CA 

MADISON ELECTRONICS SUPPLY 
Houslon TX 

MIAMI RADIO CENTER CORP. 
Msaml F L  

MIKES ELECTRONICS 
FI Laud~rdale Mlaml FL 

N I G  DISTRIBUTING CORP 
Mratllt F L  

OMNl ELECTRONICS 
LdEdO TX  

PACE ENGINEERING 
1uc\<>n A2 

THE HAM STATION 
Evar~sville IN 

WESTCOM 
San Malcos CA 

CANADA 
CARTEL ELECTRONIC 
DISTRIBUTORS 

>,,r,, y R L 

COM WEST RADIO SYSTEMS. 
V ln <,urer 0 L 



Affordable DX-ing! 
w 

TS-140s M. CH/VFO CH sub-dial. 10 kHz step 
tunlng for qulck OSY at V l  0 mode, and 
UPIDOWN memory ch;~rinel for easy 

HF transceiver with general operation. 
coverage receiver. Selectable full (QSK) or semi 
Compact, easy-to-use, full o f  oper- break-in CW. 
ating enhancements, and feature 31 memory channels. Store fre- 
packed. These words describe the quency, mode and CW widelnarrow 
new TS-140s HF transceiver. Setting select~on. Split frequenc~es may be 
the pace once again, Kenwood intro- stored ~n 10 channels for repeater 
duces new innovations in the world operation. 
of "look-alike" transceivers! RF power output control. 

New Feature! Programmable band . A M T O R / P A C K E T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ !  Covers all HF Amateur bands with marker. Useful for slay~ny w~tt i~n Iht: Built-in VOX circuit. 100 W output. Gc?nt:ral coverage re- l~m~ts of your ham license. For con- 
celver tunes Irom 50 kHz to 35 MHz. MC-43s UP/DOWN mic. included. 

testers, program In the suggested 
I/<, ,c,<vvcbr ,J,I>,,,I,~:,IIIOII\ 111,;ir,rrif~c~t IICIIII Optional Accessories: 
!jOO k ~ /  10 30 MH/ I Mod~f~able for HF frequencies QRM " nOn- AT-130 r:r,nrpsct nrllr?rlir;l tuner- AT-250 auto participants. 
MARS operat~on. rprrrnrr rrqtrrrr,rlJ m.ttll: irrilenrra tuner HS-5/HS-6IHS-7 head- * Famous Kenwood interference pliclrleb* IF-232CllF-10C I.I,III~JIW t ~ ~ t ~ . r t i l r : t .  
All modes built-in. LSB. USB, C w  FM reducing circuits. IF shift, dual noise . MA-SIVP-1 HI rnobllr antenna (5 bancis) 
and AM. blankers, RIT, RF attenuator, selectable MB-430 rliol~lle I)r:~r:kr!t MC-43s extra 

Superior receiver dynamic range AGC, and FM squelch. IJI"I )OWN tinrrrl ~ I I C .  . MC-5s ( R ~ ~ I I ~ )  gor~sf'ncck 

Kenwood DynaM~x'" h~gh sensit~vity ITI~I>IIC, IIIIC MC-60AlMC-80/MC-85 (lr!,k t i i ~ ~ s  
PG-2s r x t r ; ,  I)C,..ll,lr.- PS-430 power supply 
SP-40lSP-508 rl~,rt,ll<r . . ) I I ~ ; I ~ ~ . I S *  SP-430 

exlt.rn;ll ',f,~';rki'r* SW-IOOAISW-200AISW-2000 
SWltIpowf~r nIc'tr~r~, TL-922A ,' kW IJLF' I~rin;!r 
a r ~ i r ~ l ~ l ~ c r  Inot tor CW Ii:;K] TU-8 ClCSS tun? rrnll 

YG-455C-1 500 ti/ r l f 3 1 u x ~ .  (.W I~l tc?r .  YK-455C-1 
NPW 500 t 1) CW t~lter 

, , . ) .  . , ,  . , , r , , ~ r  ~C, I I~V,KKI  

:, ,,. .. , . 1 . .  I . ,  . , . . , I , .  , ; I  , ,I,, ,,110111, If!<,l,,,P~ 

,,,,<,I ,,,, ,, .,,,, , .,,I#,, , I:,, lr,,,~<r~',.,~ll~~~~,l,~<,,,<~,~,~~<>t,l!<,;ll~!~~l 

A n i  I~OLII t?;!n11!> I100 W oclIpc11) - F xt.?nded linr rr!:rlver I r r !~urnry range 45 MHz 
tc, t.0 MH/ Specs grlarnnleed Ironr SO to 54 MHz 
Snr.ir~ tunct~vns nt t t~c  IS 140S except c~pt~onal KENWOOD U.S.A. CORPORATION 
vnx (vOX 4 r t :~ iu~r t~r l  lor VOX t~ner;~t~r~rrl 7201 C [lom~nque/ St., Lonq Reach. CA 90810 

I PO. Box 2274s. Long ~rnch. CA 90801-5745 
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Let's dust off that used equipment! 
We received some interesting letters following Joe Schroeder's June editorial "Novice enhancement 

and the future of Amateur Radio." Some lamented the relatively high cost of new equipment and others 
felt, like Joe, that the best bet would be a market survey asking present and former operators what 
helped or hindered their developing Amateur Radio interest. One ham, returning to the hobby after 
20 years, found the latest equipment to be reasonably priced and of good quality. 

Novice enhancement has given beginning Amateurs increased operating privileges, but can they afford 
the cost for new equipment to get on the air? Someone just starting in the hobby may not want to sink 
a small fortune into his rig until he knows what he really wants. And how much does a Novice really 
need: a radio that covers 10 through 80 meters, CW and SSB capabilities - that's about it. This may 
seem like an oversimplification, but how many Novices need all the bells and whistles? For those who 
can afford it fine; for those who can't ... 

Here's a pitch for you. A good majority of us have lurking in our basements a veritable storehouse 
of used equipment. Stuff that we've outgrown as we've upgraded our shacks. It's my bet that there 
are numerous Novices out there that would just love to put this equipment to use. Starting immediately, 
on a space available basis, we'll run free classified ads for our subscribers to sell old, used equipment. 
Here's a perfect opportunity for you to help a new ham get on the air. 

You don't want to sell it? Then why not become an Elmer and help that new ham by lending him 
your perfectly good, but long forgotten, transceiver along with some assistance in establishing his first 
station? 

How many of you remember your first station? I'm sure most of us can credit a certain special person 
(our Elmer) for his invaluable time and assistance in helping us to put that first, hesitant CQ on the 
air. I know I do ... thanks Bill, K1 BH. 

Marty Durham, NB1H 
Technical Editor 

As you can see by the enclosure, we're hard at work on the new Ham Radio Magazine. We think 
you'll be excited by it. Your suggestions in informal surveys have resulted in a major effort on our part 
to make HR the magazine you want. Every month there'll be at least two projects of the weekender 
type - simple, easy-to-build ideas that will add to your Amateur operation. New layout, fresh graphics 
and plenty of surprises are in store for Ham Radio readers. 

Your input is most important to us. Let us know what you think. Starting next month, there'll be an 
evaluation card for you to fill out and return. So, after you've been through the September issue, send 
a note, call, or look us up at a show. We'll be waiting to hear from you. 



Three Choices for 2m! 
TM -2 570Al2 5 50A12 530A Big multi-color LCD and back-tit 

Feature-packed 2m FM 
transceivers 

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

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

High performance GaAs FET front end 
receiver 

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

16-key DTMF pad with audible monitor 

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

Center-stop tuning-a Kenwood 
exclusive! 

New 5-way adjustable mounting 
system 

Automatic repeater offset selection- 
another Kenwood exclusive! 

Direct keyboard frequency entry 

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

controls for excellent visibility 

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

Introducing ... 
Digital Channel Link 

Compat~ble w~th  Kenwood's DCS 
(D~gttal Code Squelch), the DCL system 
enables your rlg to automatically QSY 
to an open channel Now you can auto- 
mattcally sw~tch over to a s~mplex 
channel after repeater contact' Here's 
how ~t works 

The DCL system searches for an 
open channel, remembers ~t,  returns 
to the or~g~nal frequency and transmits 
control ~nformatton to another DCL- 
equ~pped statton that swrtches both 
rad~os to the open channel Mtcro- 
processor control assures fast and 

rel~able operat~on The whole process 
happens In an Instant1 

Optional Accessories PS-50 DC ~ ~ n w r r  sup~ly l o r  Th4 7570A Actual size front panel 
oTU-7 38-tone CTCSS encoder MC-60AlMC-80lMC-85 desk mlcs 

MU-1 DCL modem un~t MC-488 c3xtra [ITMF n i~ r~ .  w~th UPIDWN sw~tch 
VS-1 volce synlhes~zer MC-43s UPIDWN rrilc 
PG-2N extra DC cable MC-55 18-ptn) tnob~le nil(;. wlth time-out llmer 
PG-3E DC llne notse f~ller SP-40 compact rnob~le s(lenk12r 
ME-10 extra mob~lo bracket SP-SOB mob~le speaker 
CD-10 call sign d~splay SW-200AlSW-200B SWHIpower meters 
PS-430 DC power supply for 

KENWOD 
KENWOOD U.S.A. CORPORATION 

SW-100A/SW-100B conlpact SWRl~ower meters 2201 E .  Domtngl~ez st., L~~~ Beach, CA 90810 
1 t.I-7!~50A12530A13530A SWT-1 :'rn ;~r~tf?nn;~ tuner PO. Box 22745. Long Beach. CA 90801-5745 

( c ~ r r ~ l i l , ~ l r  . , ~ r v r , . ~  m;lrllr;llr a,? . l u , ~ ~ C l h l e  L11 '111 K , ~ l i :  ,,<: lr . t l , , .c PIVI.,., .31111 1110\1 ill ( ~.\' ,(,11',, .  

.S,jru ,I,, ,#!l<1,1,, WKI { > r ~  t-, .a!<, s o l ~ 1 6 ~ r l  10  ch,~,zve w,!l#< 8 t ~ I  ml,r ? 0, ~~111!~. !1~7r l  
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Join the fun at th 
w h a t e v e r  your interest, 
you'll find the Kantronics 
All ModeT" at the top of 
the pack. CW, Radio- 
teletype, AMTOR, ASCII, 
WEFAX and Packet, 
"KAM handles them all." 
HF and VHF simultaneous 
operation? You bet! The 
KAM can operate RTTY 
or AMTOR on HF while 
communicating Packet on 
VHF. Believe it. It's the 
only true dual-port on the 
market. 

World-Class 
Swedish and German 
hams have noticed KAM's 

engineering and are some 
of our biggest fans. The 
Japanese scrutinized our 
features and gave us ideas 
for extras like a subject 
field for the Personal 
Packet MailboxTM, listings 
of digipeater paths and 
more CW characters and 
functions. We are shipping 
KAM around the world. 

Fun for Everyone 
You'll be the envy of the 
airwaves with all the 
modes and features KAM 
brings to your fingertips. 
In addition to Packet, 
ASCII, AMTOR, 



e topof the 
WEFAX, CW and KA-NODE. Or open your 
Radioteletype, you'll have LAN to the world. All 
Dual-Port Operation (the these modes and more 
only TNC offering this features are waiting to be 
feature), Personal Packet discovered. Increase your 
MailboxTM, KA-NODETM, station abilities to the most 
gateway, and digipeater advanced available. 
operation. 

You can operate non- 
packet modes on HF while 
maintaining a packet 
station at the same time on 
VHF. Or run an HF/VHF 
accessible personal 
mailbox or pc-based BBS 
totally dedicated to 
packet. Configure your 
KAM as an HF to VHF 
digipeater (gateway) or 

Today and 
Tomorrow 
KAM is packed with all 
the latest features of today 
with Kantronics-written 
firmware. And since we 
write and copyright our 
own firmware, we're in a 
position to lead you into 
the exciting modes of 
tomorrow first. We have a 

pack! 
history of keeping our 
customers current. Proof is 
in our firmware updates 
(2.7 in 1987 and 2.83 in 
1988) offered at a fraction 
of the cost of a new 
purchase. 

So join the fun, join the 
Top of the Pack. 

KZKan tronics - - 

9' Data Communications Specialists 
1207 E 23 SILawrence. Kansnr 66046(9131 842-7745 

Kanlron~cs All-Mode. KAM, Personal Packet 
Mallbox, and KA-NODE are trademarks of 
Kantron~cs Company. Inc 



& - bG +x-Y OPERATION 

Z/AXIS INTENSITY MOOULATION ;AST IONS RISE TIME MODEL MOO 
DMMSOO 
3 :J OrGI1 DAlM'MULTITESTER 

$79.95 
11 ., f .  I ~nr  1 o t ,  I 5 o g l  DMM ollets hoqhlv accblalr 
pe~la!mancr ..?(I a nos1 01 aoded lealutes lore sud b r  
C U ~ !  n.dr cap., lance Irans stor IemperalJre andcon 
O. .~ lnncClonPpyO~dOIhe ,OD last Tr~mp~ld lu~Fl~~OD(.  
IPS! ,..m\ and (rallory ~ncl.med . Rr\  c DC accdlacy ~ f . 8 ~  monbs0 25.~ . DC *OIIA~P 200mv-1000V 51anqe~ 

AC roltaqc 7OOmu 75OV 5rangr5 . nes ctanro :noohms ZOMahtrlr 6 l a n q e ~  
Capac lance 2000~1 25 ,.I 3 ratyes 
ltanr slur Tcslr~ 0 2000 F 
C ~ n t l ~ c l a n c ~  ;'OOns . F A  ) orerloadprolecled . I~IBJI mpan,>nrr IOMohm 

DMM-100 
3 5 DIGIT POCKETSIZE DMM 

$29.95 
P ~ r l t c l  lor tbe lleld servlce lechnlctan Short pocket sue 
r,thoul compromtsong lealures or accuracy Large. easy 
lorcad '2'LCDdlsplay Fullyaverlosdprotecledlorsalely 
2000 hour baltery lble v ~ l h  standard 9v cell Probes and 
hatlllly included 

B ~ S I C  DC a c c u I a c y p I ~ ~ ~ m l n ~ S 0  5% 
DC vallage 2"-1000~. 4 ranges 
AC vollage 200~-750". 2 ranges 

r Res1slance2kohms-2Mohms. 4 ranges . nc c~orrenl 2mA-2A 4 ranaes 
kpit;mped;nce IOM ohm' 
Fully overload pralecled 

r Appro, 5 1  3" x I Under 702s. 

DPM 
3.5 DIG 
CusIom8 

- - - - - - - - 
20 MHz DUAL TRACE 
OSCILLOSCOPE 
Moil*.# 7000 makes lrsquency 
r.ql< ~tl., l i<lr> .lntl pliase menaurnment 
O Y , ~  kndeary Tf~ccmponcnllc~lw 
did,. n 1.151 lrouhI~lh0011nq ServlCe 
ICL~I~ICI~III ~ P I ) ~ C C I ~ ! E  the TV Sync 
cirrulls lor virwlnq T V  V and T V H  
and accvralr synchron8zalnon 01 

I !headmsgnal RIank~oq.VlTS and 
v H5y"Cp"IsPI 

i . Excepl~onally brlght SCRT 

I Burll~ncomponcnl tesler . TvSync llller . X Yooerallon 'l9n 77nvo,,r 

DMM-200 $49.95 
3 5 DIGIT FULL FUNCTIONDMM 
Gel l?fqnly acetrrale perlormance a1 a very altordable prlce 
R ~ q q e d  constrt~rt~on. 20 amp currenl capab$l#ly and 22 
ranqe\ make 11 2 perlecl chalce lor Serlous lleld ot bench 
work l owbarlery ~nd~calorandllll-stand Probesand2000 
hour traltnry ,mcluded . Basic DC accuracy plusor mlnus 0 25% . DC valtagc 200mv-IOOOV 5ranges 

AC voltage 200mv-750V 5 ranqes 
Res~slance 200 ohms-ZOMahms. 6 ranoes . AC DCcurrenl 200rA-20A 6runges 

6 Innall ~mnndanre lOM ohm 

Optn LSI ~h~pprav~de~aauracyandrellablllly ln 
SUC" a compacl sue Autotang~ng audtblsconllnully and 
dsla hold lralurc h s l ~  vau ~ ~ n e o ~ n l  the poblem qucckly 

* Z ~ ~ ~ W ~ I ~ '  
and batlerles Included 

nc DC accuracy plus mlnus 1% 
* 30 DAY MONEY BACK 6 U ' T E E  

- ,,.,YoII~~B 2v-s00v,au1onmgmg . AC w~(ege 2v-500~. autorangang 
* TOLL FREE TELXINIL4L SUPPORT 

r w a w  zkohrns-ZM ohms. autoranqtnq * NEXTlWYAIRSHIPAVAILAB~ 



re-discovering ham 
radio 
Dear HR: 

I found the "Reflections" editorial in 
the June 1988 issue to be very interest- 
ing. I am one of the very new 
Amateurs you mention, and have 
come back after retirement, having let 
my General ticket expire in the 60s. 

I would point out that the "well- 
established" factor is probably a very 
important one, because the basic cost 
of ham gear is quite high, compared 
to (say) photography. Also, as to why 
guys drop-out, I can tell you that it was 
the same very high cost of SSB gear 
that discouraged me from hanging-on 
when I was younger and had lots of 
very important growing-family 
expenses. 

My surprise in finding that SSB gear 
was so good, and reasonably priced in 
CB units is one of the main things that 
got my interest up again! And, sure 
enough, I found one rig that did a very 
neat job, at quite reasonable cost! I'll 
hand that along to my daughter, hope- 
fully, now that I've upgraded my 
equipment. 

I really had no idea just how very 
good the gear can be today; or how 
very astute the average hams on-air 
are! I tend to do a lot of listening, and 
find that there are so very many guys 
who are actively involved in evaluating 

I 

and improving their antennas, feed- 
lines, tuners, etc. I have also read a lot 
of the detracting comments by the 
QRP people and have an old friend 
who is a CW freak. 

It really seems to me to be a pretty 
healthy mix, except for the few bad- 
actors. Your comments on putting the 
situation in the hands of professionals 
seems reasonable. I suggest that really 
believable illustrations showing rig 

setups and compact beam antennas 
would help get people to pick up more 
of the magazines, and commence the 
day-dreams that lead the way! 

Yours was the very first ham maga- 
zine that I started buying, again ... then 
subscribed to, for I didn't want to miss 
any. I give you the highest marks on 
all accounts. 

As a matter of general interest, I'd 
like very much to see a no-holds- 
barred comparison review of the hf lin- 
ear amps available, as many as possi- 
ble! I've heard lots of comments on 
amps, and rigs in general on-the-air, 
and have been very glad that I paid 
attention! 

Ralph Marler, KC1 JG, 
Portsmouth, New Hampshire 

03801 

legal usefulness of 
amateur radio 
Dear HR: 

I disagree strongly with Joe 
Schroeder, WSJUV, in his "Reflec- 
tions" in the June issue. Amateur 
Radio as we know it really does need 
an overhaul or it simply won't sell, 
market survey or no. 

The problem is not Novice enhance- 
ment nor the current licensing struc- 
ture. It lies in our extremely narrow 
definition of "Amateur". As it stands, 
in spite of the marvelous technical 
capability we have, Amateur Radio is 
useless as a service to the average per- 
son on the streets. Case in point: June 
1988, QST, page 78 states that order- 
ing a pizza via local autopatch is ille- 
gal because it is a "business commun- 
ication". If I can't do something as 
trivial as that via Amateur Radio, what 
good is it? 

People buy things because they are 
useful. Up to a point you can sell peo- 
ple on something that doesn't meet a 
real need, but not very long and not 
very many. If we were to broaden the 
definition of "Amateur" to permit the 
kind of communications that most 
people want on domestic frequencies 
(VHF and up, no international commu- 
nications) we would find a lot of 

response out there. If I could order a 
pizza, talk to my wife about who has 
called in while I was out on a sales call, 
talk about my business (short of adver- 
tising on the air), it would be useful, 
and I could recommend it to my 
friends and encourage them to get 
involved. Now I suggest buying a cel- 
lular phone. 

I have long been involved in Ama- 
teur Radio because I enjoy the techni- 
cal aspects of it. But after the thrill of 
talking beyond the sound of my voice 
wears off, I look for usefulness. Per- 
haps I am spoiled. I returned recently 
from several years on a large island in 
the Pacific. Four hf frequencies tied 
over two hundred families together 
across several hundred miles of 
impassable jungle. We arranged trans- 
portation, ordered groceries, flight fol- 
lowed aircraft, managed people, all 
under difficult conditions. I know what 
radio is like when it is useful. 

I am convinced that unless Amateur 
Radio in the United States is opened 
up to more legal usefulness, it simply 
will not be there when the emergen- 
cies arise, and our frequencies will be 
taken away. 

Bill McLagan, WA7AQN. 
Corvallis, Oregon 97330 

market survey of 
Amateurs good idea 
Dear HR: 

I strongly support portions of Joe 
Schroeder's June 1988 Reflections! I 
am especially in agreement with his 
comments about marketing and mar- 
keting analysis. 

New, Amateurs, younger ones in 
particular, must have a difficult time 
understanding how to operate today's 
overly sophisticated transceivers dur- 
ing early entry into operating. Perhaps 
a worse consideration for a beginner 
is the price tag associated with even 
the lowest priced modern rigs. We 
have entered into an era of $6,000 + 
transceivers, and the bottom of the 
scale is on the order of $1,000. It is not 
difficult to visualize the shock coeffi- 

(continued on page 94) 
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Fast, reliable 
modem cuts 
connect time , : 

a 4800 baud modem for 
VHFIUHF packet radio 

Do you sometimes feel guilty of hogging your local 
packet network when you have a large file or message 
to transfer? Here's a modem that can cut down on 
your connect time. 

A wide variety of radios now work with this modem. 
Reliability is high enough that our local digipeater 
(VE3PKT) has been switched exclusively to 4800 baud 
and has been running trouble free for many months. 
We will show how you can add a 4800 baud modem 
to the HAPN-1 packet radio adapter. It fits nicely into 
the card's "prototype area" for experimenters." 

A software switch provided with the HAPN-1 
adapter lets you change from the standard (built-in) 
1200 baud modem to this one. The interface between 
the packet'card and radio is arranged to accommo- 
date both modems; all it takes to switch from one 
speed to the other is a keyboard selection. 

Although the bandwidth used in VHF and UHF 
voice operation could support data rates higher than 
4800 baud, HAPN chose 4800 baud for the following 
reasons: 

Most existing VHF or UHF radios can be used. 
No major changes to your radio or TNC (terminal 

node controller) should be required. 
Alignment and setup should be easy. 
It uses no exotic or difficult to obtain parts. 

'The HAPN-1 adapter is a terminal node controller on a board that plugs 
into a slot on an IBM PC or compatible microcomputer.' HAPN is also design- 
ing a version to work with the TAPR TNC-2 compatible unit. It will reside 
on a "daughter board that plugs into J4, a connector provided by TAPR 
for an external modem, and work off a single + 12 volt supply. The board 
will contain a multiplexer making it possible to switch batwean 1200 and 48M 
baud easily. This board is currently in the protofyping stage. 

It uses the same bandwidth as normal 2-meter voice 
operation. 

4800 baud provides nearly four times the effective 
data rate of 1200 baud. 

The modem contains an on-board squelch circuit 
that activates in approximately 10 milliseconds, typi- 
cally 10 to 30 times faster than the squelch in most 
radios. As a result, clear-to-send delays (Tx-delay) and 
turnaround times are shorter, reducing "wasted chan- 
nel" time. 

principles of operation 
Most packet radio TNCs include a modem; other 

telecommunication groups treat the modem as a sep- 
arate entity. Its purpose is to transform the serial, dig- 
ital data into a form compatible with the transmitting 
medium - in our case, a VHF 2-meter radio. It also 
must take a noisy, undulating voltage from the radio 
receiver and change it into a digital data stream accept- 
able to the TNC. Our current packet radio system 
requires the TNC to know when the radio channel is 
in use; this is the modem's job too. 

transmitting duobinary codes 
The digital data coming into the modem is a stream 

of ones and zeroes that modulate the transmitter's rf 

By Glen Leinweber, VE3DNL; Max Pizzolato, 
VE3DNM; John Vanden Berg, VE3DVV; and Jack 
Botner, VE3LNY; Hamilton and Area Packet Net- 
work, Box 4466, Station D, Hamilton, Ontario, 
Canada L8V4S7. 
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fig. 1.  4800 baud modem. 

carrier. This modem uses a duobinary coding system 
where a 0 to 1 transition momentarily shifts the car- 
rier up in frequency, then back to center. The carrier 
is shifted down in frequency and then back to center 
by a 1 to 0 transition. If two or more consecutive ones 
come along, the carrier shift occurs only for the first 
1, returning back to center for the rest. Similarly, a 
string of two or more zeroes shifts the carrier down 
in frequency only for the first 0, returning to center 
for the rest. Because the frequency of the carrier is 
changed in frequency only for the first 0, returning 
does not require a data randomizer to avoid data- 
sensitivity errors caused by the carrier drifting from the 
center of the channel. 

All these transitions are smoothed out by a four-pole 

low-pass filter before they reach the radio's modula- 
tor. The filter prevents spurious sidebands from inter- 
fering with adjacent channels (see fig. 1). The shape 
of the waveform going into the rig's modulator must 
be carefully controlled. Most rigs amplify the micro- 
phone signal with rather nonlinear amplifiers that can 
severely distort these waveshapes. You can get the 
best results when the signal is tapped into the fre- 
quency modulator directly, bypassing the rig's audio 
stages. 

What happens with a rig using a phase modulator? 
A phase modulator can be accommodated by modify- 
ing the shape of the waveform input. A jumper, J8, 
in the modem chooses one of two waveshapes to be 
filtered for either frequency (FM) or phase (PM) type 
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modulators. This modulation scheme works well with 
frequency synthesized radios. Tap points in both 
receiver and transmitter that work for this modem also 
seem to work for 1200 baud modems. 

receiving duobinary codes 
After getting into the receiver, the frequency- 

modulated signals pass into the radio's FM detector. 
Every detector type (ratio detector, quadrature, etc.) 
yields the same shape waveform. It will be the same 
shape whether it is generated from a PM or FM modu- 
lator (fig. 2). The voltage waveform output is propor- 
tional to the frequency excursions of the transmitting 
signal - positive pulses returning to zero and nega- 
tive pulses returning to zero. The receiving part of the 
modem must discriminate between positive-going 
pulses, no pulses, and negative-going pulses. 

After amplification by U14c, the signals are filtered 
by a four-pole low-pass filter which reduces high- 
frequency noise (U14d and U14a). Comparators (or 
slicers) U16d and U16a detect positive and negative 
going pulses, respectively. U16b and U16c together 
output a short digital pulse at the center of either posi- 
tive or negative pulses. These digital signals are com- 
bined in U17, which reconstructs the original data. 

As with the transmitter, the signal coming out of 
the receiver's detector must have the correct 
waveshape. The audio de-emphasis circuit (usually 
placed immediately after the detector) will distort the 
pulse shapes enough to cause unreliable operation. 
This means that tapping the receive signal from the 
volume control or speaker won't work. 

carrier detect 
Our packet radio protocol states that if a channel 

is busy, one shouldn't begin a transmission. Squelch 
circuits found in every FM radio duplicate this func- 
tion. The carrier-detect circuit in this modem works 
much like the squelch, but rather than muting the 
audio it generates a logic signal for the TNC. 

This is a noise-operated circuit. U15b detects high- 
frequency audio noise (approximately 11 kHz) where 
neither audio nor modem pulse energy is present. With 
no carrier present, there's lots of high-frequency noise 
to raise the voltage at R74. Smoothing this pulsating 
waveform is U14b, a low-pass filter. It drives a Schmidt 
trigger (U3 in the HAPN-1 adapter) logic gate that 
makes a quick, clean, carriertno carrier decision. 

At these higher bit rates, the switching time from 
transmit to receive and back becomes more important. 
In some radios much of this time is wasted by slow 
squelch action. This one reacts in 10 to 15 millise- 
conds. 

modem switch 
A four-pole, two-position electronic switch, U18, is 
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fig. 2. Timing and waveshapes for the 4800 baud mod- 
em. Amplitudes are not drawn to scale. There are two 
possible transmit waveshapes, one for FM and one for 
PM modulators. 

Parts list 

Resistors 1/4 watt, 5 percent 
R60,R61 = 15 
R40 = 100 
R71 = 560 
R58 = 1k 
R78.R79 = 1.8k 
R66,R67.R68 = 2.2k 
R30,R63.R64,R65 = 3.3k 
R73 = 4.7k 
R59,R62 = 1Ok 
R39.R53 = 15k 
R34,R49 = 39k 
R3ZSR33.R35,R36,R37.R48 = 47k 
R46.R47.R50.R51 = 56k 
R38,R43.R45.R52.R54,R57,R75 = lOOk 
R55.R56 = 220k 
R77 = 270k 
,972 = 330k 
R76 = 1 M  

Potentiometers = 3 3 8 6 1  Type 318 square single-turn adjustment 
R31 r 5k 
R44 n lOk 
R74 c 50k 

Capacitor voltage rating: at least 16 volts, 10 percent tolerance or better and 
to have Spacing of 0.2". 

C31.C32. C33,C34.C38,C39,C40, = 7000 pF 
C47.C50 
C30,C44 = 4700 pF 
C37,C42.C43,C49 = 0.047 LF 
C35 = 0.1 pF ceramic bypass 
C48 = 0.15 pF 
C36 = 4.7 tantalum 

Diode = Switching /signal-silicon 
CR7.CR8.CR9 o IN914 or IN4148 

Jumpers 
J8 = three post jumper 
J9 = two post jumper 

Sockets = 5 x 14 pin 
Sockets = I x 16 pin 

Integrated circuits 
U14 = TL084 
015 = TL084 
U16 = LM339 
U17 = 74LS00 
U18 = 14551 
U19 = 74HC00 



MFJ TUNERS i 

I The world's most popular 3 KW roller inductor tuner with cross-needle meter gives you 
the widest range matching network available for coax, balanced lines and random 
wires ~ l u s  vou get antenna switch, dummy load and balun - all at a super price . . . I - 
lM MFJ-9898 is a compnd 3 KW knob for precise inductance control. 

PEP nl lsr Inductor tuner wlth lighted And because ~t has the widest range 
Cross~Needle SWWWattmeter that matching network available for coax. 
handles the highest power of any balanced l~nes and random wires. 
MFJ tuner! Its roller Inductor allows And 11 covers 1.8 to 30 MHz 
you to get your SWR down to the continuously. 
absolute minimum. And you get other RH MFJ-9896's 2*, ll@~td 
outstanding features like an antenna Cross-Needle Meter not only gives 
switch, dummy load, balun and more you SWR automatically with no 
.. all at an outstanding price. controls to set but also forward and 

At only lO%x4'hx15, the MFJ. reflected power at a glance! 
9898 matches the new, smaller rigs. PIUS . . . 6-position antenna 

Why can you pet your SWR dawn switch. 50 ohm dummy load, 4:l 
to minlmum every lime? Because the balun for balanced lines, ceramic 
MFJ 9898 has a roller ~nductor with feed-through, and flip-stand for easy 
3-d~q~t  turns counter plus a spinner v~ewing. Meter light requires 12 V. 

MFJ's Best VERSA TUNER I1 I MFJ's Fastest Selling TUNER IMFJ's 1.5 KW VERSA TUNER Ill 

MFJ'' all-in-One Oeluxe Tuner 
MFJ-949e I glves you a clutter-free shack and 

$1 4 9 9 6  all the features you could ever want 
at a super price. Here's what you 

get: coadbalanced lineIrandam wire 300 wad tuner 
lor 1.8-30 MHz, Cross-Needle SWRIWanmeter, 50 
ohm dummy load. 4:l balun and 6-wslton antenna 

. . . all in a 'Ompact Inch 

that matches the smaller new rigs. 
can Iuna Out SWR On vws' long 

wires, verticals, whips, beams and quads. 
A bMd Cmss~Nndk mdwgives SWR' 

forward and reflected power - -  all at a glance. A 
6.posillon antenna switch lets you select 2 coax 

Eff~c~ent a~rwound lndktor 4 1 balin volt capacitors Mob~le mount. MFJ 20, $3 00 I 4 
You an - 1441220 MHz VHF TUNERS 2 KW COAX "- ""9 .1t u ' mate an 

IZ~;:S rE f l  swlTc---- ..-. 

lines, direct or through tuner, random wirelbalanced 
line and dummy load. 1000 volt capacitors. efficient 
airwound inductor, heavy duty switches. 

MFJ's smallest VERSA TUNER 
MFJ-9018 

$ 5 9 9 5  
The MFJ- 

901B is our 
smalkst .- 5x218 
Inches -. ( a d  most atfordable) 200 wan PEP 
Versa tuner -. when both your space and your 
budget IS I~mited. Matches dipoles, vees, random 
wlres, verticals, mobile whi~s,  beams, balanced 
and coax lines cont~nuousl~ 1.8-30 MHz. I make tuning fast and easy while in motion. 300 
Exceknt for matchino solid state rips to Hnem. watts PEP out~ut, effic~ent alrwound inductor. 1000 

w $ s  newen VHF m -0 .Q Q. 
tunen cover both 2 Meters and the new Novice tuned counterpoise. The MFJ.931 also lets you 

electrically place a far away RF pmund d l w  I( 
match a w~de range of Impedances for coax fed your rlg .- no matter how far away It IS - -  by tuning 
antennas. MFJ-921 has SWRIWanmeter. out the reactance of your ground connection wire 

ORDER ANY PROWCT FROM MFJ AND TRY IT  - NO FOR YOUR NEAREST DEALER OR TO ORDER 
OBLIGATION. IF NOT SATISFIED RETURN WITHIN 30 

One year unconditional guarantee Add $5.00 Call 601.323 5869 ~n MISS. and outside 1 each shl~~inalhandi~na Call or wrlte for free catalog. I WFJ ENTERPRISES. I)(C. continental USA. Telex 53.4590 MFJ STKV. 
6-332-5944. 

MFJ-9410 300 W PEP antenna tuner! Why? 

$99 O5 ~ ~ ~ ~ ~ ~ ~ ~ , " , " ~  ~~~:~~~ 
matches evmhinQ continuously fmm 1.8-30 MHz' 
li matches vees, venlcals, wh1ps8 

r a f ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ f ~ ~ ~ ~ ~ ~ ~ ~ e d  in 
30 and 300 watt ranges. Antenna switch selects 2 
coax Ilnes, direct or through tuner, random wire1 
 lanced line or tuner bypass. Efficient airwound 
Inductor gives lower losses and more watts out. 
Has 4:l balun. 1000 V capacitors. 1 1 x 3 ~ 7  inches. 

MFJ's Mobile TUNER 

220 MHz hands. They handle 300 watts PEP and I bpotitlons. Unused 

The MFJ-9628 lets you u a  yor 
MFJ-9628 tunfoot rig now and have t M  

$2 29 96 capacity to add up to r 1500 waits 
PEP linear amplifier later. Its small 

s l n  - -  lOJ / r~4~ /u15  Inches matches the new 
compact rigs. 

A HwMd Cross-Needle SWmmmelef makes 
wning a snap and gives you sWA, and 

power .. all at a glance. 
6.positlon s*ch handles coax lims, 

direct or through tuner, wire and balanced lines, 4:1 
balun airwound with heavy duty 

switch, KV capacitors, Flip.stand 
tuner tor easy view~ng. 

Don't leave horrie w~thout th~s moblk tuner! Have 
an uninterrupted trlp as the MFJ-945C ertlends your 
antenna bandwidth and ellminates the need to stop, 
go outside and readjust your mobile whip. 

Small 8 x 2 ~ 6  Inches uses little room. SWW 

You can Operate anywhen In a Mnd and bw 
SWR. You'll get maxllnum Power out of Your solid 
slate or tube rlg and 11'11 run cooler and last longer. 

Wanmeter and convenient placement of controts 

I DAYS WR A NO.HASSLE REFUND (less shipping). I 

MFJ's Random Wire TUNER 
MFJ-16010 

an bnds anywhen 
with any transceiver 
when you let the 
MFJ-16010 turn any 
random wlre Into a transmlttlng antenna. Great for 
apartment, motel, carnplng operation. Tunes 1.8-30 
MHZ. Handles 200 watts. Ultra compact 2 x 3 ~ 4  in. 

MFJ Artificial RF ground 

1 over r ~ d ' ~ r & u c t s  - I BOX 494, MIS state. MS 39762 1 In Canada Call EXPRO 411 

MFJ . . . making quality affordable 
Reader Serv ice  CHECK-OFF Page 98 r /  183 August 1988 13 
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photo A. Close-up of the 4800 baud modem on the HAPN-1 
prototype area. 

included to allow software switching from one modem 
to the other. A logic signal from an unused output line 
of the 8273 (U6, pin 36) controls the switch. 

Since each modem operates at a different bit rate, 
one of the poles switches the 8273's 3 W  clock (pin 
25) input from the standard 1200 baud position to the 
4800 baud position. Another switch position selects 
the digital data output from one modem or the other. 
The serial data comes from the switch's pole into the 
8273 data input (U4, pin 13). 

Because this is a MOSFET switch, it can deal with 
analog and digital signals. The transmit signal going 
to the rig's modulator can be routed from one modem 
or the other by the third switch. Turning the 8273 con- 
trol port (port B)  bits on and off puts the switch under 
software control. The node customization program 
supplied with the HAPN-1 adapter provides a modem 
select menu; choose the modemlbaud rate by press- 
ing one of the function keys. The modemlbaud rate 
remains in effect until the customization procedure is 
used to change the selection again. 

construction 
The prototype area at the end of the HAPN card 

is the perfect place to  build this modem. (See photo 
A.) Power supply lines ! + 12 volts, - 12 volts, + 5 
volts, - 5 volts) are available, as are all the TNC inter- 
face points. Interfacing is shown for the HAPN-1 card; 
later versions of the card have traces to the interface 
points brought out to the prototype area, making 
modem construction a little easier. 

You must use small components. The parts layout 

fig. 3. Parts layout diagram from the top of the proto- 
type area. 

photo B. Bottom of the HAPN-1 adapter showing the wiring 
added for the 4800 baud modem. 

in fig. 3 assumes all capacitors have a lead spacing 
of 0.2 inch. Resistors of 114 watt have their leads bent 
to  0.4 inch. 

Insert the components according to the layout dia- 
gram, and solder them to  the board. Then cut the 
leads off and make the interconnections. A small sol- 
dering iron and fine wire (like wire-wrap wire) are a 
must. Take care with the interconnections; the parts 
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Table 1. Modem pin designations on HAPN series boards 

Signal name HAPN-1 HAPN-1 . I  HAPN-1.2 
Rx 4800 audio DB-9 pin 7 square pad 01 square pad 01 
Tx 4800 audio DB-9 pin 8 square pad 02 square pad 02 
- 12 volts C22/ R20 square pad 03 square pad 03 
32xCLK U6 pin 25 square pad 04 square pad 04 
1200 baud U8 pin 4 square pad 05 square pad 05 
4800 baud U8 pin 3 square pad 06 square pad 06 
Not TxD U6 pin 29 square pad 07 square pad 07 
+ RTS U9 pin 12 U9 pin 12 square pad 08 
+ 12 volts U11 pin 4 square pad 08 square pad 09 
+ 5 volts 5volt rail square pad 09 square pad 10 
Tx 1200 audio DB-9 pin 4 square pad 10 square pad 11 
1200 RD U7 pin 7 square pad 11 square pad 12 
RD U4 pin 13 square pad 12 square pad 13 
Not PB1 U6 pin 36 square pad 13 square pad 14 
CD U3 pin 9 square pad 14 square pad 15 
- 5 volts edge connector 85  square pad 15 square pad 16 
Note: Edge connector pin 85  is the fifth pin from the bracket going to the fifth hole on the top row. 

are placed very close together and finding a wiring mis- 
take after the modem has been assembled is no fun. 
(See photo B.) 

Cut the following two printed circuit traces so the 
multiplexer chip (U18) can switch from one modem 
to the other under program control: 
1. Cut the default 1200 BPS trace at "SW" (next to 
PI). 
2. Cut the trace going to U4 pin 13. This will be at 
different locations, depending on the board revision 
you have: 

HAPN-1 - fat trace on the component side, going 
to U4 pin 13. 

HAPN-1.1 - short trace between square pad no. 
11 and square pad no. 12. 

HAPN-1.2 - short trace between square pad no. 
12 and square pad no. 13. 

Table 1 shows how the new modem interfaces with 
different revision boards. The later boards have been 
enhanced with pads at the prototype area making it 
easier to add the modem. Square pads are immedi- 
ately adjacent to the prototype area, in a vertical row. 
They are consecutively numbered from the top of the 
board to the bottom. 

voltage hookup 
Look up the signal name in table 1 and locate the 

appropriate interface point for your board. 
GND from any wide ground trace at the side of 

the prototype area to U17 pin 7, U18 pin 
8, and U19 pin 7. Also complete ground 
side connections to all components need- 
ing ground (see schematic, fig. 1). 

+12 volts to U16 pin 3, U14 pin 4, and U15 pin 4. 
Also connect + 12 volts to R59. 

-12 volts to U16 pin 12, U14 pin 11, and U15 pin 
11. Also connect - 12 volts to R62. 

+5volts to U17 pin 14, U18pin 16, and U19pin 
14. Also connect + 5 volts to R66, R67, 
R68, and R79. 

-5  volts to U18 pin 7. 
Finally, make up a cable for the radio with the follow- 
ing: 

"Rx audio" to DB9 pin 7 
"Tx audio" to DB9 pin 8 
"PTT" to DB9 pin 1 
"GND" to DB9 pin 3 

modemlradio interface 
One project goal was to maintain the functionality 

of the existing modem while allowing easy switching 
between the two. It was also desirable to keep the 
interface between the modem and the radio as sim- 
ple as possible. 

A quick survey of local hams shows that most would 
have to change the tap points into their radio for the 
new modem. Choose the wrong tap points and this 
modem will not work! At this time a wide variety of 
radios have been adapted successfully with little 
modification. 

transmitter interface 
The 4800 modem transmit signal must go directly 

to the FM or PM modulator in your transceiver. Con- 
nections to the microphone jack will not work. Tap- 
ping at this point also seems to work well with 1200 
baud modems, as long as the level is readjusted to 
match the new tap point. Because this tap point 
bypasses the limiter stages in the audio chain, take 
care not to over-deviate. Deviation should be kept to 
about 3 kHz by adjusting R31 on the modem. Use 
shielded cable to connect the modem to your radio. 

If you choose the correct tap point, your radio will 
still operate properly when used for voice work but 
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fig. 4. Interface of 4800 baud modem to Kenwood TR-7930 rig. This is typical of many rigs in use today. Find the modula- 
tion stage in the transmitter (A), and the FM demodulator in the receiver (B). 

you will have to disconnect the modem interface cable 
to get full voice modulation. When it is used for packet 
communication, it's a good idea to unplug the micro- 
phone to prevent room noise pickup. 

You must determine which modulation type your 
radio uses. If you have a phase modulator, install a 
jumper between the center pin of J8 and the pin con- 
nected to R30. If your rig uses a frequency modula- 
tor, install the jumper between the center pin of J8 
and C30. 

Many radio manuals include a block diagram. This 
is a useful guide to determine what form of modula- 
tion your radio uses. FM is always applied to an oscil- 
lator circuit; either a crystal-controlled oscillator or a 
voltage-controlled oscillator (VCO). If it's FM, your 
rig's schematic will show a voltage variable capaci- 
tance (varactor) diode coupled closely to the frequency 
determining inductors and capacitors (or crystal) of an 
oscillator circuit. 

Phase modulation is always applied to a stage fol- 
lowing an oscillator, never to the oscillator itself. PM 
could be produced using either a voltage variable 
capacitance diode or a transistor stage called a "reac- 
tance modulator". 

The point in your radio where the Tx audio should 

be introduced must be very close to the modulator. 
Your rig's audio processing stages will probably end 
in a low-pass filter before going into the modulator. 
The tap point will be between the low-pass filter and 
the modulator itself. If possible, tap in at a high imped- 
ance point; the modem shouldn't have to drive an 
impedance lower than about 400 ohms. 

Figure 4A shows an example of the transmitter 
interface to a Kenwood TR-7930 transceiver. 

receiver interface 
You cannot use a connection into your rig at the 

speaker or volume control for this modem. Your rig 
must be tapped directly at the FM detector before the 
audio is de-emphasized. The de-emphasis circuit (a 
resistor/capacitor combination) is rarely identified on 
schematic or block diagrams. It nearly always follows 
the squelch pickoff point, but is often placed before 
any audio gain stages. 

Most radios use a squelch circuit called a "noise- 
operated squelch" that gets its operating signal from 
the FM detector, before de-emphasis. Tap for the 
modem at exactly the point where this squelch circuit 
joins the FM detector. The input circuit of the modem 
is ac coupled, and is high impedance (look). It can 
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uring deviation. The 4800 baud deviation should be 3 Wiring diagrams of the modem and interfacing dia- 
kHz, a little less than voice deviation of 5 kHz. You grams for the Santec ST-144IuP handheld and the 
might have another station compare the level of your 
4800 baud packets with a voice transmission, ideally 
with a scope. Start R31 off at minimum, increasing 
it slowly. Setting R31 too high may over-deviate your 
transmitter and the monitoring station will see only that 
waveform amplitude is not increasing, although you 
may be causing adjacent channel interference. 
Remember that by connecting directly to the modu- 
lator you have bypassed the audio limiting circuits; the 
only thing limiting deviation is R31 in the modem. 

The existing factory limiter setting in your radio 
(which should be close to 5 kHz) can also be used as 
a reference for setting the 3-kHz deviation for 4800 

'baud. Hook up your scope at the selected 4800 baud 
modulating point, apply a signal into the microphone 
input (use a signal generator or whistle into the mike), 
and increase the amplitude until you can see limiting 
on the scope. Note the peak amplitude. This will be 
your !%kHz deviation reference. Take 60 percent of this 
value and use it for adjusting the 4800 baud transmit 
level (R31). You can also use the same level when 
adjusting your 1200 baud transmit level (P31. 

acknowledgments 
This modem is an adaptation of the design by Ken 

Smith, VESHWB, so a great deal of credit must go 
to  him. Ken's original article, "Packet Radio with the 
1802," was published in the lpso Facto newsletter of 
the Association of Computer Experimenters (ACE), 
April 1979. Thanks also to HAPN members VE3IUV. 
VE3NAV, and VE3MCF for their efforts in building and 
testing the prototypes, and their contributions to this 
article. 

available from HAPN 
The HAPN-1 adapter revision 2 is still available from 

HAPN asdescribed in the August 1986 article for the 
same price. Revision 2 contains a number of extra 
traces in the prototype area to  simplify the addition 
of a second modem there. 

We also have a printed circuit board for a stand- 
alone version of the 4800 baud modem, the HAPN- 
M, available for $25 U.S. postage paid. The modem 
is identical to  the one described in this article, except 
that it has RS-232C drivers in the interface to  the TNC. 
It may be used with any RS-232C compatible TNC, 
or TTL levels if the RS-232C interface circuits are 
bypassed. 

We would like to  remind HAPN-1 users who build 
this modem that a software update may be required 
to fully support the modem switch. Software updates 
are $5 U.S. each, plus $5 per diskette. (If you use any 
of the programs on diskette 2, a diskette 2 update is 
required along with diskette 1.) 

ICOM IC-27 transceivers are available from HAPN if 
you send us a self-addressed envelope and an IRC. 

HAPN update 
HAPN (Hamilton and Area Packet Network) is a 

nonprofit association dedicated to furthering the state 
of packet radio. We are presently working on the 
TAPR-2 TNC version of the 4800 baud modem and 
on developing drivers for the VADCG V-3 experimen- 
tal protocol. We believe that widespread use of 4800 
baud will go a long way to improve the efficiency of 
packet radio local area networks, at minimal cost to 
the users. The V-3 link level driver is being tested, but 
the network level is yet to be coded. V-3 is a very 
interesting networking protocol, an outgrowth of 
VADCG's V-2 protocol. (For further information on V-3 
write VADCG, 9531 Odlin Road, Richmond, BC, V6X 
1 El, Canada.) 

reference 
1. Jack Botner. MJLNY: Ron Bradshaw, VEJIUV: Max Pinolato, VWDNM: 
John Vanden Berg, VEBDW; "A Packet Radio TNC for the IBM PC," ham 
radio, August 1986. page 10. 
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one hundred years of electric 

A tribute to 

Heinrich Hertz 

One hundred years ago, in a technical high school 
in Germany, a teacher working with hand-me-down 
apparatus made a discovery that would affect gener- 
ations to come. His equipment consisted of little more 
than a few electrical conductors and a Leyden jar, yet 
he stumbled upon the basic principle which became 
the foundation of modern radio, television, radar, and 
electromagnetic wave communication. 

The year was 1886; the man was Heinrich Hertz. 
Hertz's initial discovery was followed by a series of re- 
search studies that firmly established the existence of 
mysterious and remarkable "electric waves" - waves 
which could travel through walls and empty space. To- 
day we call them "radio waves," or "electromagnetic 
radiation." 

Most people think that Marconi was the man 
responsible for radio. Marconi was responsible for the 
practical application of radio, but Hertz laid the 
groundwork and did all the research work upon which 
modern radio is based.' 

Now, 100 years after Hertz's discoveries, it may 
come as a surprise to many that his work is still the 
foundation of modern radio. We don't use spark-gap 
transmitters in our communications today, and Hertz 
never heard of a superheterodyne receiver - he didn't 
even see his electrical waves as potential media for 
comm~nication.~ But it is amazing to realize the ex- 
tent to which Hertz's work is represented in hi-tech, 
high-performance radio communications. 

the path to the goal 
Hertz's work can be traced to that of such notables 

as English scientist Michael Faraday and Scottish 

physicist James Clerk Maxwell. Of particular impor- 
tance are Faraday's ideas about electrical and mag- 
netic fields, and Maxwell's theoretical predictions of 
the existence of electromagnetic waves. In 1887, Hertz 
was working on a problem concerning the relation be- 
tween electromagnetic forces and the dielectric polar- 
ization of insulators. While working with some spiral 
coils used for demonstrations during his tenure at the 
Technical High School at Karlsruhe, he noticed that 
a discharge of a small Leyden jar through one coil 
caused a spark across a spark gap of the other. Fur- 
ther investigation revealed that there were very rapid 
electrical oscillations occurring within the coils. 

While still pursuing the problem of the dielectric 
polarization of insulators, Hertz was, as he says: 
"..frustrated by the invariable occurrence of strong 
sparking in the secondary conductor.. . "3 Now the 
secondary conductor just happened to be a loop an- 
tenna with a spark gap, used as a detector of elec- 
tromagnetic waves. Of course Hertz had not designed 
his loop as an antenna; antennas hadn't been invent- 
ed yet! He designed the loop as the secondary loop 
of a transformer. At first his results puzzled him. Later 
in his discussion he says: "It only gradually became 
clear to me that the law which I had assumed as the 
basis of my experiment did not apply here..."3 

Hertz did not realize at first that his electrical oscil- 
lations were producing waves which traveled through 
space. But he was a dedicated researcher and followed 
where his findings led. He wrote later: "But when I 
had established with certainty the existence of actual 
waves, I...arrived at the phenomena which are dis- 
cribed in the paper 'On Electromagnetic Waves in Air, 
and their Refle~tion."'~ Hertz realized that he had dis- 
covered the electromagnetic waves Maxwell had 
predicted with his mathematical equations. 

By W. Clem Small, KRGA, R 1, Box 64A, 
Weybridge, Vermont 05753 
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Hertz: a pioneer among pioneers 
You may be surprised to learn that there were others 

who predated Hertz in demonstrating electric waves 
in air." It seems that he was unaware of their work 
and made his discoveries independently. Let's take a 
look at these men. 

Lord Kelvin, in the preface to the English edition of 
Hertz's classic Electric Wave9, referred to Joseph 
Henry who showed that electrical force can diffuse 
through space in a manner very much like light waves. 
In 1842, before Hertz's discovery of electric waves, 
Henry demonstrated such radiation by showing mag- 
netic effects in steel needles caused by lightning bolts 
miles distant from the needle. The "sparks" of Hen- 
ry's lightning bolts now seem to be precursors to the 
sparks of Hertz's spark-coil transmitter. 

Then, in 1871, Elihu Thomson and E. A. Houston 
reported work in which Thomson sent signals between 
a spark transmitter and a spark-gap receiver (equip- 
ment similar to that which Hertz would use) from the 
basement to the top floor of the school where they 
taught. In 1876, Sylvanus Thompson used equipment 
even more similar to Hertz's, to show that another 
electric wave discoverer, Thomas A. Edison, was 
wrong in claiming that he had discovered a "new" 
nonelectric force. Edison had discovered this new 
force in 1875 while investigating sparking which oc- 
curred during work on an electromagnet with a vibrat- 
ing armature - a device having much in common with 
the induction coil of Hertz's spark-gap transmitter. 
Again, the method of detection was the observation 
of a visible spark at the point of reception. Edison dis- 
played his electric waves only in conductors, not in 
air. Because of the strange behavior of these waves, 
he claimed that his new force was not a form of elec- 
tricity, but of some "etheric" force. Thompson 
showed that he was wrong, but unfortunately, didn't 
go on to show just what it was that Edison had dis- 
covered. Then in 1880, David Hughes performed 
studies which demonstrated the effects of Hertz's elec- 
tric waves. But when Hughes demonstrated his results 
to emminent scientists of his day, he was discouraged 
from pursuing the matter. The scientists claimed he 
was using the well-known principle of induction, rather 
than displaying something new. 

Thomson and Houston, Thompson, Edison, and 
Hughes all seem to have demonstrated the effects of 
what were later to become known as radio waves, but 
none of them pursued the discovery to the same ex- 
tent as Hertz. Much later, after wireless communica- 

tion was a reality, Edison sold the patent on his etheric 
force to Marconi for $30,000. 

Perhaps even more startling is the work of E. A. Dol- 
bear, who in 1882 gave the first demonstration of 
transmission and reception of the human voice with 
his "electrostatic telephone." Although he did use an 
induction coil in his transmitter, Dolbear's apparatus 
differed from Hertz's significantly. Another early wire- 
less pioneer, a dentist named Mahlon Loomis, is of- 
ten considered a precursor to Hertz for his work with 
the "aerial telegraph." In 1872, using an aerial and a 
ground at each site, Loomis used his apparatus to sig- 
nal for 14 miles between two mountain tops. But his 
apparatus was also quite different from Hertz's, and 
Loomis's work is generally thought to have been based 
on atmospheric conduction rather than electric waves. 
Some historians believe that Dolbear's work also was 
not with electrical waves, but by induction - a popular 
means of early "wireless" communication. Others 
might deny the inclusion of Henry's or Edison's work 
in the list of Hertz precursors. Yet other historians 
would include all those I've mentioned above as legiti- 
matly predating Hertz in the discovery of wireless 
waves. 

It is obvious that a number of men were experiment- 
ing with an intent to develop a wireless system using 
apparatus remarkably like that which Hertz later used 
to discover electric waves. Yet none of them was able 
to convince the scientific world that he had indeed 
found a worthwhile new means of signaling without 
wires. Before the scientific world would be willing to 
accept such a claim, Maxwell had to use his mathe- 
matics to justify the reasons for believing in such radi- 
ation, and Hertz had to provide solid experimental 
verification of those predictions. Where many had 
tried, one succeeded. 

Hertz's legacy 
In the 100 years since the discovery of electromag- 

netic radiation, there have been tremendous gains in 
the science and technology of radio communications. 
We have advanced from the early spark coils and co- 
herers through crystal detectors, arc transmitters, 
radio-frequency alternators, vacuum tubes, transis- 
tors, and on to solid-state devices. Today's technolo- 
gy shows impressive strides beyond Hertz's crude 
apparatus. But how far have we really come? 

Although he didn't foresee the potential his discov- 
ery held as a basis for communications, Hertz pi- 
oneered the development of some of the most modern 
communication technology we have today. For in- 
stance, the parabolic dish antenna, important to micro- 
wave communications, is a direct descendent of 

'W. von Bezold, G. F. Fitzgerald, and Oliver Lodge are three other pioneers Hertz's parabolic reflector antenna. The dipole antenna 
in the study of electric waves. None of them actually demonstrated electric 
waves in space, but did precede Hertz with work which had specific implica- discovery and basic to much of his 
tions that could have led to his findings. early work. Today dipole antennas are a component 

August 1988 23 



RF POWER AMPLIFIERS 
a Lowest NF GaAs FET Preamp I- 

-1 !I 

Finest Quality Military Construction @@;&/.. I ..::-, 
8 0- --- 

a Off-The-Shelf Dealer Delivery ,.-- 2: 

SPECIFICATIONS 
For the past five years, Amateurs worldwide 
have sought quality amplifier products from TE 
Systems. Renowned for the incorporation of 
high quality. low-noise GaAs FET preamplifiers 
in RF power amplifiers, TE Systems offers our 
fine line of products through select national 
distributors. 

All amplifiers are linear (all-mode), automatic 
'T/R switching with adjustable delay and usable 
with drive levels as low as % Watt. We incor- 
porate thermal shutdown protection and have 
remote control capability. All units are de- 
signed to ICAS ratings and meet FCC part 97 
regulations. Approx. size is 2.8 x 5.8 x 10.5" 
and weight is 5 Ibs. 

Models also ava~lablew~fhoul GaAs FET preamp(dele1eG sufltx on model x). All unlts cover 

Consult your local dealer or send directly for IUII amateur band - specib IO MHZ bandwidth for 420-450 MHZ ampl~lier. 

further product information. Amplilier capabilities: 1CC-200 MHz. 225-400 MHz. 1-2 GHz. Military (28V). Commercial. 
etc. also avarlable - consult lactory. 

TE SYSTEMS 
PO. Box 25845 

Lw Angeles. CA 90025 
12131 478-0591 

WEATHER STATION 

TtlE TW-2 MICRO WFdTIIER STATION INCLUDES 
.4 CO.AiPl!Tb:R MOI>l!LE. TllEAN.2ANb:MOM6TERR 
.4NlJ40'0FLf541) 1NCABI.b. .. M R  ONI.YSlZU5.  

WINDSPEED AUTO SCAN 
MINI) 1)IRElTON METRIC I STANDARD 
WNI) ~ 1 1 1 1 . ~ ~  FOIIR WAY POWER 
WINI) I;IIST RECORD NIC'AII REAI>Y 
'TEMPERATIIRE MO(INT1NC; OPTIONS 
Il l / l .OW TEMP RECORD OYR Y M R  WARRANTY 

* ' SATISFACIION CIIARANTEED 

UAGNAPIIASE INDUSTRIW. INC. 

M&DFIN (IS* 
1.92 PIKE STREIT N.W. 

AIIRIIRN.W* 9**)1 

ORDERS 0Nl.I' NXJ-.I22.1502 

24 August 1988 , 176 

COMMUNICATIONS 
FOR T O D A Y ' S  R A D I O  AMATEUR! 

COMPUTERIZE 
YOUR SHACK 

YAESU 747,757GX. 757GXll. 767,9600. 
KENWOOO TS 440. TS 940. 
ICOM R71A. R7WO. 735.751A. 
DRIVERS FOR RADIOS ARE MODULAR. 
JRC NRO 525. 

COMPLETE PROGRAM ENVIRONMENT 
MENU DRIVEN AND DESIGNED FOR EASE 
OF USE 
SCAN FUNCTION ADDED lU RADIOS THAT DO 
NOT SUPPORT IT. 

MENUS FOR THE FOLLOWING: 
AMATEUR HF-AMATEUR VHF- 

AMATEUR UHF 
AM BROADCAST-FM BROADCAST- 

TELEVISION BROADCAST 
SHORT WAVE BROADCAST 
AVIATION HF(SSR)-AVIATION VHF- 

AVIATION UHF 
HIGH SEAS MARINE-VHF MARINE 
MISCELLANEOUS HF. VHF, UHF 
MOST POPULAR FREOUENCIES ALREADY 

STORED 
ADDITIONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREOUENCY FILES MAY BE ADDED m. 

EDITED OR DELETED 
AVAILABLE FOR IBM PC. XT, AT, 80386 256K RAM 

1 SERIAL PORT AND 1 FLOPPY MINIMUM 

PROGRAM WITH INITIAL LIBRARIES 99.95 
RS-232 TO TTL INTERFACE ONLY 
NEEDED IF DON T HAVE MANUFACTURERS 
INTERFACE ALLOWS 4 RADIOS 99.95 
SPFCIRUM ANALYIER MrlnULE (CALL FOR PRICF) 

DATACOM, INT. 
8081  W. 21ST. LANE , 
HIALEAH, FL 33016 

AREA CODE (305) 8 2 2 - 6 0 2 8  

S i n c e  1 9 6 7 ,  c o v e r i n g  a l l  m o d e s  o f  
A n ~ a t e u r  R a d i o  " s p e c i a l t y "  
c o m m u n i c a t i o n s ;  F a s t  .%an TV, S S T V .  
F A X .  P a c k e t  R a d i o .  C o m p u t e r s ,  R m Y ,  
AMTOH, Satel l i tes, T V R O .  M i c r o w a v e ,  
L a s e r s  anc l  m o r e !  10 issues p e r  yea r .  
R a c k  i s s u e s  a v a i l a h l e ,  S A S E  h r i n g s  
TRSI IOC,  C64. IBM s o f t w a r e  cata log.  
U.S. u h s c r i h e r s  $ 2 0 / y e a r .  F o r e i g n  
s l i g h t l y  h i g h e r .  A d d  $2.00 for I n d e x  
Issuc. 
SPEC-COM Communications & 
Publishing Group 
P.O. Box H 
Lowden, Iowa 

:I"$ A d d ~ d  
- -~ 



of most TV receiving antennas, used extensively in 
high-frequency work or as the feed antenna in micro- 
wave dishes. The world's first loop antenna was the 
single turn of Hertz's loop with spark-gap receiver. To- Did you know that you as well as all classes of 

day, virtually every AM broadcast-band receiver uses licensed amateurs can easily transmit live action 

a loop antenna. Our contemporary microwave dielec- color and sound video just like broadcast TV with our 

tric antenna is a spinoff of his early work on the quasi- TX23-1 transmitter. Use any home TV camera and/ 

optical properties of electric waves as they interact or VCR, computer, etc. by plugging the composite 

with dielectric materials. video and audio into the front 10 pin or rear phono 

On the other hand, the original Hertzian transmit- jacks. Call orwrite now forourcomplete ATVcatalog 

ter, the venerable induction coil with spark gap, has including downconverters, transceivers, linear 

been outlawed since 1938. But I found reference as amps, and antennas for the 70,33, & 23cm bands. 

recently as 1971 to engineering research on the use 
of electrical spark to generate electromagnetic 
waves..' The ghost of Henrich Hertz is everywhere! 
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TX23-1 one watt A N  transmitter crystaled for 1289.25 
Millan and Co.. reprinted 1962. Dover Publications, Inc.. New York, pages MHz runs On 12-14 Vdc @ .5A. PTL T/R switching. 
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'This happens to be the most recent reference to a spark transminer I've 
come across. 
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PRACTICALLY 
SPEAKING 

Joa Corr. K4IPV 

impedance matching 
One of the first things an Amateur 
learns is that the antenna impedance 
must be matched to the transmission 
line, and that the transmission line 
impedance must be matched to the 
output impedance of the transmitter. 
This is because maximum power trans- 
fer between a source and a load occurs 
when the system impedances are 
matched. In other words, more power 
is transmitted from the system when 
the load impedance (the antenna), the 
transmission line impedance, and the 
transmitter output impedance are all 
matched with each other. 

Of course, the trivial case is where 
all three sections of our system have 
the same impedance. For example, 
you could have an antenna with a sim- 
ple 75-ohm resistive feedpoint imped- 
ance (typical of a half-wave dipole) and 
a transmitter with an output imped- 
ance that will match 75 ohms. In that 
case, you need only connect a stan- 
dard impedance 75-ohm piece of coax 
between the transmitter and the 
antenna. Job done! 

But there are other cases where the 
job is not so simple. In the case of the 
standard antenna, for example, the 
feedpoint impedance is rarely what the 
books say it should be. That ubiqui- 
tous dipole, for example, is nominally 
rated at 75 ohms but even the simplest 
antenna book tells us that value is 
merely the theoretical free-space 
impedance. At locations closer to the 
earth's surface that impedance could 
vary over the approximate range of 30 
to 130 ohms and may have a substan- 

tial reactive component; so much for 
standard coaxial cable. 

There is a way out of this situation. 
You can construct a matching system 
that will marry the source impedance 
to the load impedance. This month we 
will examine several matching systems 
that might prove useful in a number of 
situations. 

impedance-matching 
approaches 

Antenna impedance may contain 
both reactive and resistive compo- 

SOURCE MATCHING DEVICE 
LOAD 

nents. In most practical applications 
you are searching for a purely resistive 
impedance (Z = R), but that ideal is 
rarely achieved. A dipole antenna, for 
example, has a theoretical free-space 
impedance of 73 ohms at resonance. 
But as the frequency applied to the 
dipole is varied away from resonance, 
a reactive component is added. When 
the frequency is greater than reso- 
nance the antenna tends to look like 
an inductive reactance, so the imped- 
ance is Z = R + jX. Similarly, when 
the frequency is less than the reso- 

nance frequency the antenna looks like 
a capacitive reactance, so the imped- 
ance is Z = R - jX. At distances 
closer to the earth's surface the resis- 
tive component may not be exactly 73 
ohms, but may vary from about 30 to 
130 ohms. Clearly, whatever imped- 
ance coaxial cable is selected to feed 
the dipole stands a good chance of 
being wrong. 

To match a complex load imped- 
ance like an antenna to a resistive 
source (the most frequently encoun- 
tered situation in practical radio work), 
interpose a matching network between 
the load and the source (fig. 1). The 
matching network must have an 
impedance that is the complex con- 
jugate of the complex load impedance. 
For example, if the load impedance is 
R + jX, the matching network must 
have an impedance of R - jX; simi- 
larly, if the load is R - jX, the match- 
ing network must be R + jX. In the 
sections that follow we'll take a look 
at some of the more popular networks 
that accomplish this job. 

RESISTIVE 
OUTPUT OR 
SOURCE 
IMPEDANCE 

L-section network 
The L-section network is one of the 

most used, or at least most published, 
antenna-matching networks in exis- 
tence. It rivals even the pi-network. A 
circuit for the L-section network is 
shown in fig. 2A. The two resistors 
represent the source (R1) and load 
(R2) impedances. The elementary 
assumption of this network is that R1 
< R2. The design equations are: 
RI < R2and I < Q < 5 
XL = 6.28FL = Q x RI 

z s  Z 'L  ZL 

ZS .R  

IF. 
Z ~ . R + I Z .  T H E N Z ~ . R - I ~  
Z L . R - j x .  T n E N Z i . R + l z  

fig. 1. Impedance matching requirement 
between resistive source impedance and 
complex load impedance. 

- COMPLEX 
CONJUGATE 
IMPEDANCE 
NETWORK 
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HF Esulprnenl lC-735 
ICOM 
lC.781 New Deluxe HF Rag 
IC-761 Loaded wllh Extras 
IC-735 Gen Cvg Xcvr 
IC-751A Gen Cvg X m  
R.C.lvera 
IC-R7WO 25130W MHz R N ~  
E-R71A I00 kHz-30 MHz R m  
VHF 
IC48AIH FM Mobile 25~14% 
ICOPAT FM HT 
IC-2GAT 2m 7w HT 
IC-900 Slx Band W i l e  
UHF 

JUN's 

Call S 
Call S 
Call S 
Call S 

Call s 
Call S 

Call S 
Call S 
Call s 
Call S 

IC-48A FM Mobile 25w 509 Call S 
IC04AT FM HT 449 Call S 
IC-4GAT 4UIMHz HT 429 95 Call S 
220 MI42 
IC-38A 25w FM X m  489 Calls 
1C 32AT 2mi7Ocm HT 828 95 Call S 

~ - ~- 

KENWOOD 
HF Equlpmenl I T5940WAT Gen Cvg X m  2449.95 CaU S 1 
TSMOSIAT Gen. Cvg Xcvr 1379.95 Call S 
T5140S Compacl  en. Cvg I Xcvr 929.95 Call S I 
VHF 
TS-711~  AII  ode Bass 25w 1029.95 Call S 
TR-751A All Mode Mobile 25w 849.95 Call S 
TM-22lA 2m 45w 439.95 Call S 
TM-2550A FM MoMle 45W 499.95 Call S 
TM.2570A FM Mobile 70w 599 95 Call S 
TH.215A 2m HT Has It All 379.95 Call S 
TH.25AT 5w Pake l  HT NEW 349 95 Call S 
TM.721A 2mnOcrn FM Mobile 649.95 Call S 
UHF 
TM-421A Compscl FM 35w 449.95 Call S 
THd5AT 5w Pocket HT NEW 389.95 Call S 
220 MHz 
TM-3530A FM 220 MHz 25w 499.95 Call $ 
TM-321A Compad 25w 
Mobde 449.95 Call S 
TH-315~ Full Featured 2 . 5 ~  HT 399.95 Call S 

1 VAESU 1 
. .. - 
FT.767 GX Gen. Cvg Xevr 1929.95 Call S 
F1-757 GX II Gen. Cvg X N ~  1129.95 Call S 
F1.747 GX New Emornical 

Perlormer 889.95 Call $ 
FL-70W 15m-ls0m AMP 199500 Call 5 
VHF 
F1-212RH NEW 2m 45w 
FT-712RH 70cm 3SW 
FT-ZWR AII M& Ponable 
FT-23 IVTl Mono HT 
FT-2WRH FM Handheld 5w 
VHFIUHF Full Duplex 
FT-736R. New All Mode 

2mnDCm 
Dual Ban& 
FT-727R 2ml7Om HT 
FT-109RH New HT 

Call s 
Call S 
Call S 
Call S 
Call S 

Call s 

Call s 
Call S 

also, 
Q = X L / R l  = R2/Xc 

It's probable that you'll see this net- 
work published in conjunction with 
less than quarter-wavelength long-wire 
antennas. Those books and articles 
typically call for a "good ground" for 
the antenna to work properly. But they 
don't tell you what a "good ground" 
is or how you can obtain it. Unfor- 
tunately, at most locations a good 
ground means burying a lot of copper 
conductor - something that most of 
us can't afford. In addition, the person 
who is forced to  use a long-wire 
instead of a better antenna often can't 
construct a good ground under any 
circumstances because of landlords 
and/or logistical problems. The very 
factors that prompt the use of a long- 
wire antenna in the first place also pro- 
hibit any form of practically obtainable 
good ground. But there is a way out 
- radials. A good ground can be 
simulated with a counterpoise ground 
constructed of quarter-wavelength 
radials. These radials have a length in 
feet equal to 246/fMHz, and as few as 
two of them will work wonders. I've 
used just one radial tacked to the base- 
board of a student boarding house 
room at college and achieved superior 
results over the poor ground that I'd 
been able to obtain previously in my 
third floor abode. 

Another form of L-section network 
is shown in fig. 26. This circuit differs 
from the previous one in that the roles 
of the L and C components are 
reversed. As you might suspect, this 
switch brings about a reversal of the 
impedance relationships. In this circuit 
the assumption is that driving source 
impedance R1 is larger than load 
impedance R2 (R1 > R21. The equa- 
tions are shown below: 
R2 > RI 
X L  = R2 [ RI/(R2 - RI) ] /R  or 

A final form of L-section network is 
shown in fig. 2C. Again, assume that 
driving source impedance R1 is larger 
than load impedance R2  (R1 > R21. 

11'11 

fig. 2A. Classic L-section network. 

/2+jqrn* 
R,.R* 

fig. 28. Reversed L-section network. 

{T$-Tb 
1 1 ~ 1 ) *  

fig. 2C. Inverse L-section network. 

In this circuit, the elements are 
arranged like those in fig. 2A, except 
that the capacitor is at the input rather 
than the output of the network. The 
equations governing this network are: 
RI > R2 and I < Q < 5 

So far, we have considered only 
matching networks that are based on 
inductor and capacitor circuits. But 
there is also a possibility of using trans- 
mission line segments as impedance- 
matching devices. Two basic forms are 
available: quarter-wave sections and 
the series matching section. 

28 August 1988 H 172 



Satellite Tracking I 
with your PC and the Kansas City Tracker 8 Tuner 1 

The 5 s a s  Clty Tracker IS  .I I~nr~lw;trr~ and soflwiirt? [,.lckagr l t ~n t  connects betwrrn yutlr rotor ct,ntt,~ll*,r .!~rrt .in IBM XT. AT, or 
clone I1 i:~rtitrols votrr .srilr,rin;a array. lett~rig your PC track ;trry satell~te or orbttal body 

The Kmnmu Clty Tuner IS a companion product that IS used In satellite work to provide automatac doppler-shift compensatlon. It 
lnterfnc~s to your radlu through 11s serlal computer control porl (RS2321 or "mtke cltck" Interface to update the recelve and/or 
transmlf lrequencles once a second It can be used In d~gltal or analog modes. The Tuner IS compat~ble w ~ t h  most rlgs lncludtng the 
Yaesu 726 & 736. the ICOM 271/471. 275/475. and R-7000. Call regardtng your spectf~c rlg. 

The Uuuu City k c k e r  and Tunem have several advantages over other products available today. They do not use you 
computer's COMM ports or hardware tnterrupts The software runs In your computer's "spare ttme." letting you run other programs 
at the same tlme Several Kansas C~ ty  products can be installed In one PC. lenlng you control up to 16 separate antenna arrays at the 
Same time. 

The - m u  City k c k e r  conslsts of an tnterface card that can be plugged into a PC short-card slot. a Termmate-And-Stay- 
Restdent (TSR) rotor control program. and a TSR status "pop-up" program. The Euuu City Tracker can be connected dlrectly to 
a Yaesu/Kenpro 5400/5600 rotor controller, or to any other rotor on the market today ustng our Rotor Interface Opt~on 

The rotor draver and status programs are TSR programs that attach themselves to DOS and "disappear." You can run other DOS 
programs whlle your antenna tracks 11s target under computer control at the same time. Th~s  unlque feature ts especially useful for 
satellite and land d~gital work, as commun~cations programs like PROCOMM can be run while the PC alms the rotors at the same 
time. The status "pop-up" allows the user to vlew and change the current antenna posotlon and upcomlng pass lnforrnat~on The 
l h n m a  City Tricker IS compat~ble w ~ t h  DOS 2.00 or h~glier. and will run under DESO-VIEW 

5.teUite md EME Work The 5-• City Tracker and lhwr packages lncludes the 

The -., City and -., -r are fully PC ~nterface card. ~nlerface connector. software diskette. and 

compatible with AMSAT.s 13 2, and with Slltcon I ~ S ~ ~ U C I I O ~ S .  Each Kansas C~ty  unlt carrles a one year warranty 

Solut~on's GRAFTRAK (2 0) These [Jronrams can be used 10 load KS Tracker package for the Yaesu/Kenpro 
the m u m  City m c k e f s  tables wtl l i  more than 50 Satellite 5400/5600 controller $169 . . . . . . . . . . . . . . . . . . . . . . . . .  
passes We also s u p ~ ~ l y  ;~ssetnhlerl & tosted TAPR PSK modems Interface cable for YaesulZKenpro 
wlrll citsrLs an11 110v 1)owt:r suplil~es 5400/5600 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S 19 

DX. Contests. md Nets a KC Tracker wlth Rotor Interface Opt~on 
. . . . . . . . . . . . . . . . . . . . . . .  Workano DX or coritr3sts and need ttirer, hands7 Use the E.nsu (lo connect to ANY rotors) $199 

Clty G c k e r  pop up to work your nntt:nnn rotor for you The 
Is compatible with DX KC.Tracker and Tuner combtnalton Add to the prlce of the 

~,rtrqrati~s A spvctnl cittls~gn almlng program 1s ~ncludetl for 'TRACKER version you need M1ke.Cllck . . . .  59 
. . . . . . . . . . . . . . . . . . . . . . . .  worktno nets. RS232-Interlace vers~on S 79 

Packet BBS Assembled & Tested TAPR PSK modem w ~ t h  case & 
1 10v power supply . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 99 

The Uuuu City T r a c b  conies complete wtth spectal control 
programs that allow the p,~cket BBS user or control-op to perform AMSAT QUIKTRAK software . . . . . . . . . . . . . . . . . . . .  S 75 
automated antenna almtny over an hour, a day, or a week Your 
BBS or packet statlon can be programmed l o  automat~cally sollc~t 'ISa and accepted 

moll from remote packet sttes Shlpplng and handltng $5. $10 for 2nd day atr. $15 for tnter 
nat~onal shipments Prtces sublect lo chanqe wtthout notlce 

The E.nmas City m c L s r  i l as  a sprclal morse-code sender L. L. U I C I G C :  
Comrnun~cal~c>ns Products 

sectlon that will announcr: the rotor posltlon and status auto- 41 Acadaa Drlve * Voorhees. NJ 08043 
matlcally or on request Ttie speed and spaclng of the code are 
arf~t~stahle Call (6091 751 -1018 wenlngs & weekends (EST) for more Info 
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ASTRON 
CORPORATION 

9 Autry 
Irvine, CA 9271 8 
(71 4) 458-7277 

I INSIDE VIEW - RS-IZA 

I 
MODEL RS-5OA 

RM SERIES 

MODEL RM-35M 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

MODEL RS-35M I VS-M AND VRM-M SERIES 
br -.-, -- . -- 

I MODEL VS-35M 

ASTRON POWER SUPPLIES 
HEAVY DUTY HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRQNICAUY REGULATED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects h e r  Supplv OUTPUT VOLTAGE: 13.8 VDC + 0.05 volts 
lrom excessive current 8 conl~nuous shorted outpui. . (Internally Adlustable 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models . RIPPLE Less lllan 5mv pea* to peak (full load 6 
lxcapl RS-3A. RS-44. RS-51. low line) 
MAINTAIN REGULATION 8 LOW RIPPLE at low line input AlSO 8~8il8bl# With 220 VAC i l p l l  W@lt8(@ 
Voltage 
HEAVY OLlTV HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR WWER CORD - ONE YEAR WARRANTY MADE IN U.S.A. 

I 

MODEL RS-5OM I MODEL VS-5OM 

19" x 5'14 RACK MOUNT POWER SUPPLIES 

C~ntiuu@us ICS' Siza [IN) Shippil l 
MODEL Ortv (Amps) IAmv l  H x W x D  Wt. [Ibs.) 
RM-12A 9 12 5'1. x 19 x 8% 16 
RM-35A 25 35 5% X 1 9 X  12% 38 
RM-5OA 37 50 5% X 19 X 12% 50 

Separate Volt and Amp Meters 
RM-12M 9 12 5% r 19 x 8% 16 
RM-35M 25 35 5'1, X 19 X 12% 38 
RM-5OM 37 50 5'1 X 19 X 12%. 50 

MODEL 
RS-3A 
RS-4A 
RS-5A 
RS-7A 
RS-7B 
RS-IOA 
RS-12A 

MODEL 

i 6  
25 
37 

Continuous 
Outr lhmpsl 

ICS' 
IAmprl 

3 
4 
5 
7 
7 
10 
12 
12 
20 
35 
50 

ICS' 
IAm~s l  

S i l l  11111 
H x W x D  

3 X 4% X 5% 
3% x 6'17 x 9 

3',2 x 6'18 X 7% 
334 x 6'1, x 9 
4 x 7'11 x 10% 
4 x 7% x 10% 

4 ' h X 8 X 9  
4 x 7'12 X 10% 
5 X 9 X 10% 
5 x 1 1  x 1 1  

6 x 13% x 11 

Sizc (IN) 
H x W x D  

Shippil l 
Wt. [lbs.) 

4 
5 
7 
9 
10 
11 
13 
13 
18 
27 
46 

Shippil l 
Wt. [lbs.) 

Swltchable volt and Amp meter 
RS-l2M 9 12 4'81 x 8 x 9 13 
Separate volt and Amp meters 
RS-20M I 6  20 5 x 9 x 10% 18 
RS-35M 25 35 5 x 11 x 11 27 
RS-5OM 37 50 6 x  13% x 11 46 

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

Coullnuous ICS. Siza (IN1 Shippiu( 
MODEL Out! [Amps) (Amps) H x W x D Wl. (Ihs.1 

@13.8VDC @lOVDC Q5VDC Q13.8V 
VS-12M 9 5 2 12 4'h x 8 X 9 13 
VS-?OM 16 9 4 20 5 X 9 X 10%. 20 

Variable rack mount power supplies 
VRM-35M 25 15 7 35 5'14 x 19 x 12% 38 
VRM-5OM 37 22 10 50 5% x 19 x 12% 50 

Built in speaker 

C#ntinueus ICS' Size [IN) Shippiel 
MODEL Out! (Amps) Amps H x W x D  Wt. (lhs.) 
RS-7s 5 7 4 x 7% x 10% 10 
RS-10s 7.5 10 4 x 7'1~ x lo3& 12 
RS-12s 9 12 4 % X 8 X 9  13 
RS-20s 16 20 5 x 9 X 10% 18 



pi networks 
The pi network shown in fig. 3 is 

used to match a high source imped- 
ance to a low load impedance. These 
circuits are typically used in vacuum 

RI > R2 

fig. 3. Pi-network. 

tube rf power amplifiers that need to 
match low antenna impedances. The 
name of the circuit comes from its 
resemblance to the Greek letter "pi". 
The equations for the pi network are: 
R1 > R2 and 5 < Q < I5 

split-capacitor network 
The split-capacitor network shown 

in fig. 4 is used to transform a source 
impedance that is less than the load 
impedance. In addition to matching 

R I ' R 2  

fig. 4. Split-capacitor network. 

antennas, this circuit is also used for 
interstage impedance matching inside 
communications equipment. The 
equations for design are: 
RI < R2 

transmatch circuit 
One version of the transmatch is 

shown in fig. 5. This circuit is basically 
a combination of the split-capacitor 
network and an output tuning capaci- 
tor (C2). For the hf bands, the capaci- 
tors are on the order of 150 pF per sec- 
tion for C1, and 250 pF for C2. The 
roller inductor should be 28 pH. The 
transmatch is essentially a coax-to- 
coax impedance matcher, and is used 
to trim the mismatch from a line before 
it affects the transmitter. 

Perhaps the most common form of 
transmatch circuit is the T-network 
shown in fig. 6. This network costs 
less than some of the others, but has 
a problem. While it does match imped- 
ance (and thereby "tune out" VSWR 
on coaxial lines), it also has a high-pass 
characteristic so does not reduce the 
harmonic output of the transmitter. 
The T-network, therefore, does not 
serve one of the main purposes of the 
antenna tuner - harmonic reduction. 
An alternative network, called the SPC 
transmatch, is shown in fig. 7. This 
version of the circuit offers harmonic 

r 1 7 1 R 2  

fig. 5. Transmatch variant circuit. 

CI  C 2  
ZSOpF vpTrjR2 zep u 

fig. 6. T-network transmatch circuit. 
This circuit has a substantial high-pass 
characteristic so it will not suppress har- 
monics. 

C I  C 2 1  
ZSOPF Z 5 0 p F  

m 
fig. 7. Revised T-network, the SPC trans- 
match, suppresses harmonics. 

attenuation as well as matching imped- 
ance. 

coaxial cable baluns 
A balun is a transformer that 

matches a BALanced load (like a 
dipole antenna) and an UNbalanced 
resistive source impedance (like a 
coaxial cable). With the circuit in fig. 
8 you can make a balun that will trans- 
form impedance at a 4:l ratio, with R2 
= 4 x R1. The length of the balun 
section coaxial cable is: 

492 V 
Lff = 

MHz 
(14) 

Where: 
Lrt is the length in feet 
V is the velocity factor of the coaxial 
cable 
FMHz is the operating frequency in 
megahertz 
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Covers 27-54 MHz, 108- 114 MHz, 
406-512 MHz. and80l-9SOMHz. 

ARSOO ' 5Scan Banks and 5 Search Banks. 
TOW price. rrelght ~repamd 25 Day Satl~fact~on Guarantee, 
(Express Shlppln'3 OptlonaIl full Refund d not Satufied. $29900 No Frequencies cut out. 

Sue: 2"xSW"x 1Yz' wt: 1202. 

I 10101 E. 106th St. Indpla., IN 46256 I 
Toll Free 800-445-711 1 I== Via and Mastercard 

(COD slightly higher) 
In Indiana 3 17-849-2570 Collect FAX (3 171 849-8794 

CIE Clrvrlsnd Institute 
of Elrctronics 

1776 East 17th S t . .  Cleveland. Ohlo 441 14 

kcredled Mmbw Natmnal Home Shrdy C o u ~ l l  

CIE is the world's largest independent 
study electronics school. We offer ten 
courses covering basic electronics to 
advanced digital and microprocessc)r 
technology. An Associate in Applied 
Science in Electronics Engineering 
Technology is also offered. 

Study at home - no classes. Pro- 
grams accredited and eligible for VA 
benefits. . . . . . . . . . . . . . . . . . . . . . . .  
=I Cleveland lnsr~ture d Electmntcs 

1776 East 17th St.. Clcveland, Ohio 441 14 
YES! I want tu get started. Send me my CIE school 
catalog ~ncludlng deta~lr about the Aswc~ate Degree 
program. 

Prlnt Name 
Address Apt.- 

c l tv  S c a r e  ZIP- 
A g e  Area Codelphone No. 
Check box for (3.1. Bullet~n on Educational Benefits 

Veteran Actwe Duty MAIL TODAY! 
A H R M  
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R2 

fig. 8. Coaxial cable 4:l balun trans- 
former. 

LOAD IMPEDANCE 

Z . R t ) r  

MATCHING STUB ?is LINE TRANSMISSION TO SOURCE 

fig. 9A. Basic configuration for stub 
matching. 

LOAD IMPEDANCE 

fig. 9B. Coaxial matching section. 

matching stubs 
You can build a shorted stub to pro- 

duce almost any value of reactance. 
Use this information to make an 
impedance-matching device that can- 
cels the reactive portion of a complex 
impedance. If you have an impedance 
of, say, Z = R + j30 ohms you need 
to make a stub with a reactance of 
- j30 ohms to match it. Two forms of 
matching stub are shown in figs. 9A 
and 9B. These stubs are connected 
exactly at the feedpoint of the complex 
load impedance, although they are 
sometimes placed further back on the 
line at a (perhaps) more convenient 
point. In that case, the reactance 
required will be transformed by the 
transmission line between the load and 
the stub. 

quarter-wave matching 
sections 

Figure 10 shows the elementary 
quarter-wavelength transformer sec- 
tion connected between the transmis- 
sion line and the antenna load. This 
transformer is also sometimes called a 
Q-section. When things are designed 
correctly, this transmision line trans- 
former is capable of matching the nor- 
mal feedline impedance (Z,) to the 
antenna feedpoint impedance (ZR). 
You must have a piece of transmission 
line available that has an impedance 
Zo of: 

Most texts show this circuit for use 
with coaxial cable. While it is certainly 
possible, and even practical in some 
cases, for the most part there is a seri- 
ous flaw in using coax for this project. 
It seems that the normal range of 
antenna feedpoint impedances, cou- 
pled with the rigidly fixed values of 
coaxial cable surge impedance availa- 
ble on the market, combine to yield 
unavailable values of Zo. While there 
are certainly situations that yield to this 
requirement, many times the quarter- 
wave section is not usable on coaxial 
cable antenna systems using standard 
impedance values. 



On parallel transmission line sys- 
tems, however, it is quite easy to 
achieve the correct impedance for the 
matching section. Use the equation 
above to find a value for Z,, and then 

LOAD IMPEDANCE 

A N  0-SECTION 

f ig. 10. Quarter-wave Q-section 
matching. 

b 

calculate the dimensions of the paral- 
lel feeders. Because you know the 
impedance, and can more often than 
not select the conductor diameter from 
available wire supplies, use the equa- 
tion below to calculate conductor 
spacing: 
S = D10(2/276) 

Where: 
S is the spacing, D is the conductor 

diameter (D and S in the same units), 
and Z is the desired surge impedance. 
From there you can calculate the 
length of the quarter-wave section 
from the familiar 246/FMH,. 

series matching section 
The quarter-wavelength section dis- 

cussed above has several drawbacks: 
it must be located at the antenna feed- 
point, it must be quarter wavelength, 
and it must use a specified (often non- 
standard) value of impedance. The 
series matching section is a generalized 
case of the same idea, and permits you 
to build an impedance transformer that 

overcomes most of these faults. 
According to The ARRL Antenna 
Book, this form of transformer is capa- 
ble of matching any load resistance 
between about 5 and 1200 ohms. In 
addition, the transformer section is not 
located at the antenna feedpoint. 

Figure 11 shows the basic form of 
the series matching section. There are 
three lengths of coaxial cable: L1, L2, 

fig. 11. Coaxial matching transformer. 

and the line to the transmitter. Length 
L1 and the line to the transmitter 
(which is any convenient length) have 
the same characteristic impedance, 
usually 75 ohms. Section L2 has a 
diffe~ent impedance from L1 and the 
line to the transmitter, usually 75 
ohms. Note that only standard, easily 
obtainable values of impedance are 
used here. 

The design of this transformer 
involves finding the correct lengths for 
L1 and l.2. You must know the charac- 
teristic impedance of the two lines (50 
and 75 ohms given as examples) and 
the complex antenna impedance. In 
the case where the antenna is non- 
resonant, this impedance is of the form 
Z = R + jX, where R is the resistive 
portion, X is the reactive portion 
(inductive or capacitive) and j is the so- 
called "imaginary" operator, i.e., 
square root of - 1. If the antenna is 
resonant, then X = 0, and the imped- 
ance is simply R. 

The first chore in designing the 
transformer is to normalize the 
impedances: 

The lengths are determined in elec- 
trical degrees, and from that determi- 
nation you can find length in feet or 

meters. If you adopt ARRL notation 
and define A = TAN (LI), and B = 

TAN (L2), then the following equa- 
tions can be written: 
If: ZL = RL Ifr jXL 

TANLI = A = (17) 

(N - (r/N)) x B + X 
R + (XNB) - 1 

Where: 
N = Z1/Zo 
r = RL/Zo 
z = XL/Z0 

Constraints: 
Z1 > Z, [VSWRl1/2 
or, 21 <ZJ[VSWRlln 
If L1 < 0, then add 180 degrees 
If B < 0, then Z1 is too close to Z, 
Z1 not equal to Z, 
Zo[VSWR11/2<Z1 < Zo/[VSWR11/2 

Physical length in feet: 
L1' = L1 XI360 
L2' = L2 XI360 
Where: 

X = 984 x Velocity Factor (18) 
Frequency in Megahertz 

The physical length is determined 
from ARCTAN (A) and ARCTAN (61, 
divided by 360, and multiplied by the 
wavelength along the line and the 
velocity factor. 

Although the sign of 6 may be 
selected as either + or - , the use of 
+ is preferred because a shorter sec- 
tion is obtained. In the event that the 
sign of A turns out negative, add 180 
degrees to the result. 

There are constraints on the design 
of this transformer. For one thing, the 
impedances of the two sections L1 and 
L2 can't be too close together. In 
general, the following must obtain: 

Either, 
ZLl > Zo x SWR 
or, ZLl < Z,/ SWR 

ham radio 

August 1988 33 



Analysis of 
multi-element arrays; 

all-driven-element design 

the Quad antenna part 3, 
circular-loop and octagonal arrays 

An array of two or more circular loops (like any other 
antenna) can have all elements driven, or some driven 
and the others self-excited, or parasitic. The special 
case of one driven element is sometimes called the 
Yagi-Uda configuration; this really applies only to the 
configuration of one parasitic reflector, a driven ele- 
ment, and one or more parasitic directors, all elements 
being dipoles. 

Part 3 addresses circular-loop and octagonal arrays 
- initially with two elements, then with more. This 
is followed by a limited discussion of a particular all- 
driven-element design. 

theory of two circular-loop arrays 
The relationships between two circular loops, par- 

allel and on a common axis, are shown in fig. 1. Com- 
pare this with the single-loop drawing in part 2, fig. 
1. The important difference is that two loops contrib- 
ute to the field, and in turn, to the induced currents. 
They have the same requirement that the component 
of the field along the wire be zero. 

Computational complexity can be reduced if the 
current on each loop is assumed to be the sum of two 
currents, of the form: 
I1 = la + Ib 

PARASITIC 
ELEMENT 

PARASITIC 
B>@%NT CIRCUMFERENCE k .  Z r / A  = 2 -b  

CIRCUMFERENCEA. kb 

SPACING c 
zOl SPACINGA.  c /A 

FEEDPOINT 

fig. 1. Geometry and nomenclature for a circular loop 
array. Two quantities are needed to describe each ele- 
ment, and another to specify the spacing, the letter C 
is used here. For octagons, an added descriptor for the 
number of sides is needed. 

- 
There is no easy way to use the ten curves prepared 
by S t ~ r e r ' . ~  to derive the currents on the two ele- 
ments. Theory application is beyond practical small 
computer use; a large computer is needed. But a 
number of published results of this theoretical analy- 
sis can be applied to practical antennas. These will 
serve as the basis for some further analyses, for com- 
parison, and also provide some data on the perfor- 
mance of practical designs. 

12 = la - Ib 
Those with power-line engineering training will recog- I the basic two-loop array 
nize this as a form of "svmmetrical com~onent" analv- As with the Yagi, the two-loop array with one loop 
sis used for multiphase power lines. I parasitically excited is both a useful antenna and the 

The assumed currents la and Ib are the same on basis for further array expansion. Practically, these 
both loops. This allows you to solve for the currents I 
using Hallen's2 method. Unfortunately, this simplifi- By R.P. Haviland, W4MB, 1035 Green Acres 
cation does not help much in practical calculation. Circle North, Daytona Beach, Florida 32019 
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two-element arrays give the largest increase in perfor- 
mance for a given investment in size and weight. 

All the performance data on the designs described 
here are derived from Ito, Inagaki, and Sekiguchi". 
Gain values are in dB above isotropic, unless other- 
wise noted. 

10 

9 

gain performance 
Figure 2 shows the forward gain performance with 

the parasitic element tuned as a reflector. The top 
curve shows the maximum gain with retuning; the 
nearly parallel curves show the gain for a specific para- 
sitic element size. 

For the two-element beam with reflector, the max- 
imum gain is 8.1 dB. The gain is <3 to >5 dB higher 
than the gain of an isolated radiator of the same size. 
Over the range of radiator size from 1.0 to 1.25 wave- 
lengths, the optimum gain varies only by 0.1 dB or so. 
Also, the gain does not vary greatly for changes in 
reflector size, typically by f 0.6 dB for a change from 
1.1 to 1.3 wavelengths loop size. This means that the 
two-element loop with reflector is a good wideband 
antenna, with nearly constant forward gain over the 
wide frequency range of + 15 percent. 

Forward gain performance with the parasitic ele- 
ment tuned as a director is shown in fig. 3. The top 
curve shows the maximum gain that can be developed 
for a given radiating loop size by tuning the director 

MAXIMUM G l l N  
REFLCCTOR ---- 

and choosing the best spacing. The nearly parallel 
curves give the gain for given sizes of the director. Also 
shown is the gain of a single isolated element. 

The maximum two-element gain is 7.3 dB. This 
represents almost exactly a 3-dB increase over a single 
loop of the same size. This 3-dB increase is essentially 
independent of radiator size but is sensitive to direc- 
tor dimension. 

The combination of nearly maximum gain and good 
gain stability led the developers of this data to recom- 
mend that the radiator loop be larger than resonant 
size. Their specific recommendation is 1.2 wavelengths 
circumference. Some consequences of this are dis- 
cussed later. 

The curves for a 1.2-wavelengths radiator in figs. 
4 and 5 are also useful. The variable for these curves 
is radiator-parasitic spacing in wavelengths. 

As we have seen, maximum gain with the parasitic 
element as a reflector is 8.1 dB, and for the parasitic 
element as director it is 7.3 dB. These values show 
on the curves. Maximum reflector gain occurs at 1.08 
wavelengths loop circumference at a spacing of 0.15 
wavelength. Maximum director gain occurs at 0.95 
loop circumference and a spacing of 0.1 wavelength. 

Minimum back radiation with a reflector is - 12.1 
dB. This nearly occurs over the range of reflector sizes 
from 1.1 to 1.15 wavelengths circumference, and the 
range of spacing from 0.1 to 0.25 wavelength. Maxi- 
mum front-to-back ratio occurs at a circumference of 
1 .I wavelengths and a spacing around 0.1 wavelength. 
It is about 20 dB. 

The data in part 1 shows that the optimum director 
size for minimum back radiation varies markedly with 
spacing. Minimum back radiation with the parasitic as 
a director is -3  dB, but this occurs for spacings 
around 0.6 wavelength, beyond the range of practical 
use. The forward gain is only 2 dB at this point. The 
practical minimum backlobe level is essentially 3 dB, 
occurring over the range 0.8-0.96 wavelength direc- 
tor circumference and a spacing of 0.1 wavelength. 
The front-to-back ratio is only 4 dB. A director of 0.9 
wavelength circumference and 0.15 wavelength spac- 
ing will give nearly as good gain and front-to-back 
ratio. 

These data show that the best design values for a 
two-element circular loop array, and for the radiator- 
reflector combination for larger arrays, are the same. 
Maximum performance is obtained from 

Radiator circumference, 1.2 wavelengths. 
Reflector circumference, 1.1 wavelengths. 
Element spacing, 0.15 wavelength. 

Radiator circumferences from 1.1 to 1.3 wavelengths 
give nearly the same performance. 

OF ANV 
AN0 SPACING ----- 

REFLECTOR SPACING 

1 0  O l J 6 l  

drive impedance 
The drive impedance of an isolated loop is a complex 

5 

4 

3 
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fig. 2. Forward-lobe gain for a reflector-radiator combi- 
nation, plotted against size of radiator. Separate curves 
are shown for reflectors of 1.0.1.1 and 1.2 wavelengths 
circumference. The top curve shows the maximum gain 
possible by choice of reflector size and spacing. Gain of 
an isolated element is shown for comparison. Data from 
Ito et al." 
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function of loop and conductor diameter. These 
factors apply with a parasitic element present plus the 
added complexity of the changes introduced by the 
currents on that element. Because of this there is very 
little data on feed impedances in scientific or engineer- 
ing literature. It is necessary to use the limited amount 
available to develop trends and then depend on meas- 
urements to design the antenna feed. Fortunately this 
is not difficult, given the wideband characteristics of 
loop antennas. 

The paper by Ito, et al." includes a single set of 
curves that give useful information about the radiator- 
reflector combination. Data is for a reflector of 1.1 
wavelengths circumference, with an element omega 
of 11, corresponding to a loop-to-conductor radius of 
39. This is typical of a self-supporting UHF antenna. 

The following values are developed from the curves; 
resonance, of course, means that the drive reactance 
is zero: 

Isolated resonant loop 
Radiator circumference = 1.1 wavelengths. 
Drive resistance = 153 ohms. 
Resonant radiator with reflector 
Radiator circumference = 1.08 wavelengths. 
Drive resistance = 139 ohms. 
Resonant radiator with director 
Radiator circumference = 0.87 wavelength. 
Drive resistance = 250 ohms. 
Isolated 1.2-wavelengths loop 
Drive resistance = 21 5 ohms. 
Drive reactance = 84 ohms. 
1.2-wavelengths radiator with reflector 
Drive resistance = 158 ohms. 
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fig. 3. Forward-lobe gain for a director-radiator combi- 
nation, plotted against radiator size. Separate curves are 
shown for directors 0.8.0.9 and 1.0 wavelengths circum- 
ference. The top curve shows the maximum gain possi- 
ble by choic6 of director size and spacing. Gain of an 
isolated element is shown for comparison. Data from Ito 
et al.ll 
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fig. 4. Forward and back lobe intensities for typical 
radiator-parasitic combinations, plotted against parasitic 
spacing. As usual for parasitic elements, maximum gain 
and maximum front-to-back ratio occur for different con- 
ditions. For two-element antennas, the reflector at 0.12 
wavelength spacing is a good choice. Data from Ito et 
al." 

Drive reactance = 365 ohms. 
1.2-wavelengths radiator with director 
Drive resistance = 33.5 ohms. 
Drive reactance = - 132 ohms. 
The change in impedance is greater for the director 

and this behavior is much the same as for the two- 
element Yagi. The reason for the increase in drive 
resistance for the resonant element with director lies 
partly in the marked change in length needed to cancel 
the self- and induced reactances. 

Remember that a standard method of matching is 
to change the length of the driven element, then add 
a stub to cancel the reactance, leaving the resistance 
at the value that matches the line impedance. You can 
also do this with loops, but it may require some loss 
in loop area and therefore loop gain. A gamma match, 
or stub-transformer sections, would be a better choice. 

For most two-element arrays, a good feed is a 4:1 
balun at the antenna, used with 50-ohm line. Solid- 
state transmitters will probably require a better match 
to obtain rated output, say by use of a transmatch. 
A possibility is a gamma match, used by at least one 
commercial design with good results. The simplest 
alternative is to use low-loss line, say 75-ohm TeflonTM 
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or foam, or 300-ohm twin lead, plus an appropriate 
transmatch. A transmatch is a necessity if you want 
the full advantage of the wideband loop characteristic. 
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There is a limited amount of theoretically derived 
pattern data in current literature. Figure 6A-C is 
replotted from the patterns in Ito et al." which are 
similar to the corresponding patterns of two-element 
Yagi antennasq6. The front-to-back ratio is reasona- 
bly good for reflectors in the 1 .I-1.2 wavelengths cir- 
cumference range. Directors of any size give poor front 
to back, although the forward gain is good, as 
described above. 

None of the theoretical analyses found in the litera- 
ture show patterns in other planes or for cross-polari- 
zation. These will be covered later by approximate 
analysis. 

SPACING I WAVELENGTHSI 

fig. 5. Forward and back-lobe intensities for a reflector- 
radiator combination over a wide range of spacings. With 
no change in  element size, relative lobe intensities 
reverse around 0.6 wavelength spacing. Wider spacings 
can give fair forward lobe performance, but the back 
lobe remains large. Data from Ito et al." 

multi-element arrays 
The theory above for two-element antennas has 

been used to examine the properties of multi-element 
circular-loop arrays, by Ito et al.ll and by Shoamanesh 
and Shafai.l7.l8 Experimental work has been report- 
ed by Appel-Hansen.13 Their work is summarized in 

figs. 7 and 8 and shows the gain versus array length. 
Also shown is the theoretical gain of Yagi antennas 
derived by Lawson.l9 

The gain for the usual Yagi is determined primarily 
by array length. The first few directors add about 1 
dB per director. Thereafter, the gain increases about 
3 dB for each doubling of array length. 

Information in table 1 is taken from Shoamanesh 
and Shafai's17 theoretical table. All of the entries are 
for a director spacing of 0.3 wavelength. This gives 
maximum gain for the number of elements used, and 
reasonable front-to-back performance. Gain, expected 
drive impedance, and minor lobe characteristics plus 
front-to-back ratio are tabulated. 

Arrays constructed from the table values should be 

A )  

-TO REFLECTOR - 
RELATIVE RESPONSE 

h b 1 = 1 2 A  

hb2.1.2A 

SPACING = 0 3A 
n . 1 1  

c TO REFLECTOR - 

RELATIVE RESPONSE 

hbl 1 2 1  

hb2.1 IA 

SPACING.0 2 1  

n = r r  

TO DIRECTOR r 

RELATIVE RESPONSE 

* b l .  1 2 1  

hb2 = 0 . 9 1  

SPACING: 0 lA 

n.rr 

fig. 6. Horizontal plane patterns with horizontal polari- 
zation for three selected radiator-parasitic combinations. 
A and B show patterns wi th reflectors; C shows a pat- 
tern using a director. The front-to-back ratio of a reflec- 
tor is good for a fairly wide range of conditions. While 
the director forward gain is also good over a fairly wide 
range, the front-to-back ratio is always poor. Patterns 
are scaled from a number plotted by I to et al.lq 
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BOOM LENGTH (WAVELENGTHS1 

fig. 7. Measured gain of multi-element circular loop ar- 
rays, plotted against total boom length. Gain shown is 
not necessarily the maximum for the boom length given. 
The arbitrary curve is shown for comparison. Data from 
Appel-Hansen." See also Lindsay.12 

0 0 .5  1.0 1.5 2.0 2.5 3 0 
BOOM LENGTH IWAVELENGTHSJ 

fig. 8. Calculated gain of multi-element circular loop ar- 
rays, plotted against boom length. Separate curves are 
shown for director spacings of 0.1, 0.15, 0.2, 0.25, and 
0.3 wavelength spacing. For most boom lengths, a small 
increase in  gain can be attained by using close spacing. 
There are penalities for this: for example, greater wind 
load, and usually, smaller bandwidth. Data from 
Shoamanesh and Shafai.'" 

easy to build in self-supporting form for frequencies 
in the VHF, UHF, and SHF ranges. By adopting the 
principle of the bicycle wheel, discussed in a later part 
of this series, you can build hf designs. 

The design values in table 1 are known to be near 
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optimum for maximum performance. A small increase 
in gain may be obtained by making some changes in 
element size and spacing. Unfortunately, there may 
be appreciable change in minor lobe structure if much 
retuning is attempted. 

The only theoretical data relating to the gain of 
multi-element circular-loop arrays comes from the 
same source,17~18 and is summarized in fig. 8. This 
again shows gain versus boom length, but with in- 
dividual curves for director spacing. A small but def- 
inite increase in gain is usually possible by adding 
directors, but the limit of improvement is not known. 
Retuning must be done carefully. Front-to-back ratios 
vary from about 10 to over 25 dB from one set of spac- 
ings to another, and there are probably changes in 
bandwidth as spacing changes. Shoamanesh and 
Shafai17 give some guidelines for design optimization. 

The data in Chapers 2 and 3 of LawsonlS gives more 
information on results obtainable by optimization. 
Conversion of this data to loop design conditions is 
somewhat tedious. First calculate the self- and mutual 
reactances for the length and spacing data given by 
Lawson.l9 Then transform these values to loop size 
and spacing, using the curves and tables given in this 
series or the references. The basic computational proc- 
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fig. 9. Calculated front and back lobe levels of an oc- 
tagonal array, plotted against radiator circumference. 
Radiator circumference is 1.2 and spacing is 0.15 
wavelength. The gain of a two-element circular loop is 
shown for comparison. The variation in gain would be 
more marked if the size of the reflector were also varied. 
but this shows again that loop antennas are broadband. 
The difference in circular and octagonal gain appears to 
be largely due to calculation technique differences. 
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THE RPC-2000 

The RPC-2000 is a two-channel radio 
eacket controller that adds fast, error-free 
data communications to radio links. It plugs 
into an expansion slot of the HAL DS-3200 
Radio Data Communications Terminal or 
any fully compatible PC, PC-XT. or PC-AT 
computer. The RPC-2000 uses Packet Radio 
protocol based on AX.25 to provide data 
communications at rates from 45to 4800 BPS. 

The standard configuration of the RPC- 

2000 uses an RS-232C 110 port (Channel A) 
for an external HF modem (such as the HAL 
ST-8000) and a 7910 modem for a VHF link 
(Channel B).The M2-RPC option converts 
Channel A to a second 7910 modem. 

The RPC-2000 is driven entirely from 
disk-based software that provides on-screen 
menus to choose all features and modes, 
eliminating the need to memorize 
complicated commands and procedures. 

DISCOVER HOW EASY PACKET RADIO CAN B t .  CALL OR WINE 
US FOR MORE SPECIFICATIONS. 

HAL COMMUNICATIONS CORP. 
P.0. BOX <hS 
URBANA, IL 61801 
Phone 217- 367-7373 
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z$px YOUR HAM DOLLAR GOES 
FURTHER AT. . . ,,, , ,, , won 

" I M t l l C A ' S  MDSl REllABLt AMATlUR RADIO DEALER" 
CALL US 

NOW! SELL-TRADE New i3 Reconditioned 

In 1937. Stan Burghardt (W@IT). because of his intense interest in 
HAM EQUIPMENT 

Call or Write Us Trday For a Ouole! 
amateur radio, began selling and servicing amateur radio equipment you'll Find UI 10 be Couneous. Knowledgeable 
in conjunction with his radio parts business. We stand proud of this and Honest 

long-lasting tradition of Honest Dealing, Quality Products and 
Dependable "S-E-R-V-I-C-E"! PHONE (605) 886-7314 

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

more new product lines plus the same "lair" treatment you've come 
to rely on. Our reconditioned equipment is of the finest quality with 30. . 
60 arid even W a y  parts and labor warranties on seiecteb pieces. 
And always remember: 1.5 P . m .  (or, 

-1 h RlOAl 
a* unno.n 
h 1.1 P . M .  Icn) 

- WE SERVICE WHAT WE SELL - 1110.n1w~mn 
AEA Belden l corn NYe 
Allnco Bencher Jerold/Delhi Palomar 
Amerltron Bird Kantrmlcs Radio Callbook 
Amphenol Butternut KDKIEncomm Rohn 
Amp S u ~ ~ l y  Centurion KLM Telex/Hygaln 
Antenna CES Larsen Ten-Tec 

Speclallsts Cushcralt MJ Trlo-Kenwood 
Astron Dalwa Mlrage Uad l  l IaIReyco w] 1-1 
B & W  Hustler Moseley Yaesu 182 N. MBDI~ 

TEN-TEC PARAGON 
160-10, HF TRANSCEIVER 

NOW IN STOCK! 

CALL FOR QUOTE! 

0 

Boost the Range of Hand-Helds 
Today's hand-held VHF/UHF 

' 
to 199.999 MHz in rip, lrom rhr rxprrf on 

scannersand handie-talkies f rom ~~b trove hoosfing rhe perlormanre 
Accuracy +/- 1 part per 10 million at all Bearcat, Regency, Cobra, and W A ~ P Y Q  01 yotrr radio ecluipmenr. 
frequencies Internal FM adjustable from Radio Shack, ICOM,  Yaesu, and 
0 to 100 kHz at a 1 kHz rate External FM Kenwood h a w  excellent sensitiv- 
input accepts tones or voice Spurs and T The GroveANT-8 is a fully-adjustable, 

noise at least 60 dB below carrier Out- 
i ty and talk power, bu t  their professional whip antenna made of 

put adjustable from 5-500 rnV at 50 Ohms range is reduced by  their short chrome-plated brass and equipped 
Operates on 12 Vdc @ % Amp flex antennas. with a standard BNC base to  fit most 

Available for immediate delivery $429.95 hand-held radios. Length is extend- 
delivered * Add-on accessories available Tip: To increase the range o f  . able from 7 to  46 inches. Replace that 
to extend freq range, add infinite resolu- your hand-held scanner or trans- inefficient "rubber duckie" with the 
tion. AM. and a precision 120 dB attenuator ceiver, connect a Grove ANT-8 A N T 4  and STAND BACK! 

Call or write for details Phone in your 
order for fast COD shipment. extendable whip antenna,equip- Only SIP5 plus $1.50 UPS Sh~pp~ng (US) 

ped wi th standard BNC base. 
VANGUARDLABS 

Grove Enterprises 
140 Dog Branch Road Brasstorm. N.C. 28902 

? (704) 837-9200 w (MC. Wsa &COD only) 1-80&438-8155 
L 
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Table 1. Calculated performance of multi- and circular-loop arrays. 

boom 
no. wave- gain F/ B H-B/W E-B/W drive:R drive:jx 
directors lengths (dB1 (dB) (Degl (Degl (Ohms1 (Ohmsl 
2 .70 10.70 15.20 59.00 54.00 58.50 156.70 
4 1.30 12.50 25.80 48.00 44.50 44.20 168.00 
6 1.90 13.50 14.20 40.50 38.50 56.00 179.80 
8 2.50 14.40 14.20 35.00 32.50 63.60 163.30 
9 2.80 14.80 16.40 32.50 30.50 52.00 17.50 

10 3.10 15.20 23.00 30.50 30.00 45.60 163.10 

Reflector = 1 .l, radiator = 1.2, and all directors = 0.9 wavelength circumference. Reflector is spaced 0.15 and directors 0.3 wave- 
length. The nine-director array needs no matching, the others only a capacitive stub across the feedpoint. A balun is not neces- 
sary, but is probably helpful in avoiding feedline and tower radiation. 

fig. 10. Mutual admittance of two octagonal loops. one 
wavelength in diameter. For wider separation, the mag- 
nitude of the admittance decreases nearly inversely with 
separation, and the phase linearly. These curves plus the 
self admittance data given in the second article of the 
series allow determination of array patterns by use of 
pattern muldplication techniques. 

3 

ess described in Lawson's Chapter Il9 or in Kraus20 
can be modified for loop anaylsis. 

-60 

octagonal arrays and loop 
approximations 

Arrays of polygons are not common; circular ele- 
ments are usually just as easy to build. There is also 
the matter of added resistance at the joints between 
segments, if present. The octagonal array data includ- 
ed here is primarily for use in approximating the per- 
formance of circular-loop arrays. 

0.1 0 . 2  0.3 
SPACING. A (RADIATOR TO PARASITIC ELEMENT1 

Figure 9 is for comparison and gives the gain and 
front-to-back ratio for a two-element octagonal array. 
It is very nearly the same as for the two-element cir- 
cular array of fig. 2. 

Figure 10 gives the mutual admittances between 
two 1 .O-wavelength elements. Combined with the self- 
admittance values of table 1, these curves allow cal- 
culation of the currents in any multi-element array, and 
in turn the pattern as described by Kraus20 and used 
by Lawson.lg As mentioned above, these curves make 
the performance data calculated by Lawsonlg useful 
as an approximation to circular-loop (and other shape) 
arrays. 

patterns of octagonal arrays 
Figure 11 shows the MININEC-calculated horizon- 

tal-plane pattern of a two-element, bottom-fed array 
with a parasitic director - an array with nominally 
horizontal polarization. Radiator and director circum- 
ferences are 1.0 and 0.9 wavelengths, and spacing is 
0.15 wavelength. The pattern resembles that of an 
equivalent two-element Yagi, which also shows poor 
front-to-back ratio. Somewhat more gain could be 
obtained with a larger radiator and closer spacing. 

Figure 12 shows the same calculation for a 
1.1-wavelengths reflector. Gain is nearly maximum 
from this element combination, and the back lobe is 
reasonably small. This appears to be a good choice 
for a two-element beam or for the exciter section of 
a large array. 

Figure 13 shows the same calculation for a three- 
element octagonal array, with 0.9, 1.2, and 1 .I direc- 
tor, radiator and reflector circumferences, with the 
director spaced at 0.2 and the reflector at 0.15 wave- 
length. The gain is close to but below the maximum 
attainable with this boom length. The front-to-back 
ratio is reasonable. Experience with 2, 10, 15 and 
20-meter versions of this combination indicates that 
better front to back, up to about 30 dB, is possible 
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fig. 11. Horizontal plane pattern of the h-polarized com- 
ponent from a bottom-fed director-radiator combination. 
Circumferences are 0.9 and 1.0 wavelength. Spacing is 
0.15 wavelength. Forward gain is reasonable, but the 
back lobe is large. 

fig. 12. Horizontal plane pattern of a 1.1 wavelength 
reflector-radiator combination. Other conditions same 
as in fig. 11. Forward gain is excellent for a two-element 
antenna. The front-to-back ratio of about 13 dB is good. 

with element tuning. Figure 8 shows that the gain 
could be increased about 1 dB by a second director 
at 0. I -wavelength spacing. 

Figure 14 shows another pattern for the same beam 
for the total radiation component. Because of the small 
cross-polarized component present in loops, the sides 
of the pattern are filled in, so the front-to-side ratio 
IS poor. 

It is my experience that the filled-in pattern is correct 
for high-angle or E-layer radiation. However, low-angle 
radiation, typical of F2-layer DX, shows the high front- 
to-side discrimination of fig. 13. Under good condi- 
tions, an S9 + signal can be dropped to the noise level 
if the signal is placed on the 90-degree null. This results 
in a reduction of 40 dB or more. The same charac- 
teristic is noted on 15 meters when E-layer skip is 
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present. Published theoretical analyses shed no light 
on this performance difference. It appears to be asso- 
ciated with ground reflection. We will return to this 
subject later in this series. 

all-driven arrays 
As with dipole elements, loops can be used in driven 

arrays. Driven arrays are not common in Amateur use 
because of space requirements. The few occasional- 
ly encountered are typically two-element designs. 
These are also used in place of a single radiator ele- 
ment in some high-performance arrays, partly for gain 
and front-to-back improvement, but also to improve 
the effective bandwidth. 

Figure 15 shows the MININEC-calculated gain for 
two I .O-wavelength loops spaced 0.12 wavelength, 

fig. 13. Horizontal plane pattern of a bottom-fed, three- 
element octagonal array. Circumferences are 
director = 0.9, radiator = 1.2 and reflector = 1.1 
wavelengths. Director spacing is 0.2 and reflector 0.15 
wavelength. 

- 

fig. 14. Total component radiation pattern for the;array 
of f ig. 13. The vertical component f i l ls in  
the side-lobe area. See text for practical experience with 
an antenna of this type. 



fig. 15. Horizontal component pattern for  t w o  one- 
wavelength loops separated 0.12 wavelength and bot-  
t o m  fed 135 degrees out o f  phase. The antenna is relat- 
ed t o  the "ZL-Special". and is useful by  itself. The 
technique i s  also useful as the feed o f  large arrays, t o  
give better front-to-back and gain. 

PO 
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f ig. 16. Calculated gain and front-to-back ratio o f  a two-  
element array designed for 14 MHz, but  operated over 
the range 8-22 MHz. Forward lobe gain exceeds that of 
a dipdle over the entire range. The back lobe can even 
be larger than the main lobe, b u t  effective interference 
reduction is usually possible by  rotating the antenna t o  
place the interference in  a null. Any antenna o f  the Quad 
family is a useful wide-band antenna for occasional oper- 
at ion o n  other than designated bands. Based o n  data 
f rom I t o  et al." 

and fed 135 degrees out of phase, like the "ZL- 
Special" antenna. The gain performance is good, but 
the back lobe is rather large. Antennas of this type will 
be studied further when we discuss rectangular loops. 

super-wideband operation 
Figure 16 shows the calculated performance of a 

20-meter two-element array from 8.5 to 20 MHz. The 
gain curve shows that this parameter exceeds that of 
a dipole over the entire range. In fact, the performance 

is reasonable over 7 to 30 MHz, although there is lobe 
splitting on the higher bands, and main-lobe reversal 
on the lower ones. Front-to-back ratio is high only near 
the design frequency, however. 

The secret of using this wide bandwidth lies in the 
transmission-line matching technique used. I prefer 
Teflon-insulated 75-ohm cable. Open-wire line or twin 
lead is also good. A matchbox is a necessity. (I think 
that a matchbox should always be used to simplify 
using the entire band and to reduce harmonic radia- 
tion.) One fact seems clear: if you are using a Quad, 
you can have multiband operation without a lot of real 
estate for an antenna farm. 

Part 4 deals with the square or Quad loop and some 
of its close relatives. 

references 
16. F.E. Terman. Radio Engineers'Handbooh. McGraw-Hill. New York, 1943 
lany editionl. 
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ham radio 

I LET THE SUN DO I I THEWORK Charge batteries on 
stored machinery I 
Llght your tent 
Run fans 
Run remote trans- 
mlners 
Light signs 

r Pump water for your 

Power for your motor 
home 
Run your radio wlthout 
batteries 
Llght your home 
Yard llghts 
Charge flsshllght bat- 
teries 

I I Light your cabin I 
Run electrlc fences . Charge your boat 

from the ba1t.v 
Run appllamea In your - Sun with home 
Chsrae hand held 
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products 

high-speed frequency entry 
for Kenwood transceivers 

Kenwood rigs now feature the KW-QSY 
frequency-entry keypad. The QSYers provide a 
means for high speed and simple frequency 
selection. 

The QSYer is a tiny computer terminal with 
its own internal Bbit microprocessor and sup 
port circuitry. Its full-size telephone-type keypad 
is inclined at a 10 degree angle. The unit is 
housed in an all-metal enclosure measuring 3.1 " 
x 3.5" x 2" and has an internal speaker that 
sounds a diierent tone for each key. 

The KW-QSYer works with the TS-940 series 
(with the Kenwood IF-100 interface installed), 
TS-440 series (with IC-10 installed), TS-140 se- 

ries (with IF-IOC installed), and TS-7111811 se- 
ries (with IF-1OA installed). It requires an 8-16 
volt, 100 mA, external dc supply. 

The KW-QSYer land its sister models for the 
7RGX, 7VGX-ll, 767GX, and the IC-735) are 
available from Stone Mountain Engineering 
Company. All are priced at $89.50, plus $2.50 
shipping. A companion 12-volt dc wall supply 
for the KW-QSYer is $10. For more information 
write to Stone Mountain Engineering Company, 
P.O. Box 1573, Stone Mountain, Georgia 30086. 

Circle lJOl on Reader Service Card. 

new twist to old antenna 
concept 

DMQ offeres an antenna designed to cover 
all frequencies between 13 MHz and 30 MHz, 

while maintaining a better then 2.1 SWR and 
handling up to 250 watts P.E.P. Targeted at the 
Amateur with limited space, it is a loop stand- 
ing on end with an approximate diameter of 36 
inches. The antenna is connected through a 
standard SO 239 fining directly to your 52-ohm 
coax transmission line. No external matching 
unit, pretuned coax line, ground screen, or radial 
system is needed. 

Frequency resonance is obtained by adjust- 
ing a special high-voltage vacuum variable ca- 
pacitor. The antenna is made of high quality 
copper; the vacuum variable capacitor is e glass- 
type design. All metal surfaces are chemically 
cleaned and covered with two coats of exterior 
enamel paint. 

The antenna has a bidirectional radiation pat- 
tern. The high-Q design is stable to frequency 
and provides a high level of harmonic suppres- 
sion. Pattern gain is developed throughout the 
antenna's frequency range. 

The antenna has a mounting hook, nylon line, 
and tuning wand supplied. The antenna can be 
suspended from the ceiling of the Amateur's 
apartment; outdoor installations are also feasible. 

The antenna comes assembled and ready for 
use. It is factory adjusted for the Ismeter Nov- 
ice portion of the band. The unit price is $349.50, 
plus shipping and handling in the continental 
U.S. For information contact DMQ Technolo- 
gy, 221 Slater Boulevard, Staten Island, New 
York 10305. 

Circle CJm on Reader Service Cerd. 

SIQ repeater controller 
A-Tech Electronics announces the SIQ 

Repeater controller. Using the power of a 
microcomputer, the SIQ-2 provides basic repeat- 

er functions, voice ID, programmable Morse 
code ID, autopatch, reverse autopatch, audio 
mixing, linking. and more. 

The SIQ contrdler comes with an rf-proof rack 
mount box and all 16 110 lines have rf beads to 
prevent rf problems. The manual contains 
detailed information on connecting your radios. 
programming the features, and user commands. 
The software listing is provided for making cus- 
tom modifications. 

An optional phone patch board is available. 
Up to fve area codes can be programmed to help 
control long distance access. 

The featuresare controlled by touch-tone com- 
mands. Courtesy tones, tail squelch length. CW 
ID, sleeplwake up mode, alarms. and other con- 
trol commands are all remotely programmable. 
Sixteen 110 linesare provided. 

The SIQ rack mount steel enclosure has D- 
style connectors. The user manual contains 
hookup and command instructions, an electmnic 
schematic of the system, and source code listing. 

The SIQ repeater controller retails for $349.95; 
the SIQ with phone patch is $449.95. Contact 
A-Tech Electronics, 1033 Hollywood Way, Bur- 
bank, California 91505 for more information. 

Circla CJm on Reader Service Card. 

new code and theory 
course audio cassettes 

Amateur Radio School announces the addi- 
tion of "The Video Novice" to their line of code 
and theory courses on audio cassettes. 

The course material contains two VHS video 
cassettes, each two hours in length, one C90 au- 
dio cassette, and a manual study guide. Cassette 
No. 1 has two hours of theory; cassette No. 2 
has one hour of theory and one hour of visual 
code class. 

The course is aimed at the person who has 
limited understanding of electronics. It covers 
all the subjects that the person new to amateur 
radio needs to know with practical demonstra- 
tions and explanation. The Video Novice Course 
is just $39.95 plus $5.00 for postage and 
handling. 

For more information, write to Jerry Ziliak, 
KBGMT, Amateur Radio School. 2350 Rosalia 
Drive, Fullerton, California 92635. 

Circle T504 on Reader Service Card. 
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It's a lesson you learn very early in life. Many can be good, some may be better, but only one can be 
the best. The PK-232 is the best multi-mode data controller you can buy. 

1 Versatility 
The PK-232 should be listed in the 

amateur radio dictionary under the 
word Versatile. One data controller 
that can transmit and receive in six 
digital modes, and can be used with 
almost every computer or data ter- 
minal. You can even monitor Navtex, 
the new marine weather and naviga- 
tional system. Don't forget two radio 
ports for both VHF and HF, and a no 
compromise VHF/HF/CW intemal 
modem with an eight pole bandpass 
filter followed by a limiter dis- 
criminator with automatic threshold 
control. 

The intemal decoding program 
( S I A M ~ '  feature can even identify 
different types of signals for you, in- 
cluding some simple types of RITY 
encryption. The only software your 
computer needs is a terminal program. 

Facsimile Screen Display 

2 Software Support 
While you can use most modem or 

communications programs with the 
PK-232, AEA has two very special 
packages available exclusively for the 
PK-232 ....PC Pakran with Fax for 
IBM PC and compatible computers, 
and Corn Pakratt with Fax for the 

3 Proven Winner 
No matter what computer or ter- 

minal you plan to use, the PK-232 is 
the best choice for a multi-mode data 
controller. Over 20.000 amateurs 
around the world have on-air tested 
the PK-232 for you. They, along with 
most major U.S. amateur magazines, 
have reviewed the PK-232 and found 
it  to be a good value and excellent ad- 
dition to the ham station. 

No other multi-mode controller of- 
fers the features and performance of 
the PK-232. Don't be fooled by imita- 
tions. Ask your friends. or call the 
local amateur radio store. We're con- 
fident the PK-232 reputation will con- 
vince you that it's time to order your 
very own PK-232. 

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

second program for transmis- 206-7757373 I sion/reception and scrnn display of 
fac~imile~si~nals.  The IBM programs 
are on 5-114" disk and the Com- 
modore programs are plug-in ROM 

PC' Pakratt Packet TX/RX Display cartridges. 



Because vou never know 

The sky's no longer the limit. 
With Yaesu's new FT-736R 

V H ~ I U H F  base station, you'll 
experience some of the best 
DX happening in ham radio. 
Via moonbounce. m p o .  Aurora. 
Meteor scatter. Or satellites. 

Join thousands of VHFIUHF 
pioneers already scanning the 
cosmos with their FT-736Rs.The 
most complete, feature-packed 
ngs ever deslgned for the serious 
operator. 

Versatile hquency 
coverage. The FT-736R comes 
factory equipped for 2 meters 
and 70 cm (430-450 MHz), 
with two additional slots for 
optional 50 MHz, 220 MHz, or 
1.2 GHz modules. 

Multimode facilities. 
Every FT-736R is equipped for 
LSB, USB, C%( and FM opera- 
tion. Widelnarrow filters for both 

FM and CWarc: factory installed 
-not expensive opt,ions.Therds 
even all-mode squelch, too! 

Satellite ready. A truly 
turn-key satellite rig, the 
FT-73fiR includes crossband 
full duplex capability. PlusVFO 
tracking for one knob tuning 
on bot8h normal and inverted 
transponders. And with the 
optional 1.2 GHz module 
installed,youlre QRVon Modes 
B, J, L, and JL. Mth one bax 

Exceptional receiver 
design. The FT-736R was 
designed with low noise figure 
and careful gain distribution, 

for industry-leading sensitivity 
for weak slgnal work. And in 
.addition to the widelnarrow 
CW and FM filter selection, you 
get IF shift. An IF notch filter. 
Noise blanker. Audio tone shap- 
ing control. Three-position AGC 
selector. And a preamp switch 
for activating your tower-mount 
RX preamplifier. 

Operate Fast-Scan TV! 
Install t,he optional TV-736 and 
1.2 GHz modules, and you're 
ready to operate fast-scan 
double-sideband TV with FM 
audio subcarrier. Black-and- 
white or color! 

Contesterk dream! Versa- 
tility is a must in VHF contests, 
as openings are brief. For quick 
activity checks, use the separate 
"channel" selector for a speedy 
trip up the band in selectable 
steps (SSB nr FM!). Use t,he two 

Video 
Prima and sr 

&era and 
reif i~~ati t~ns s 

monitor no 
llhjrpt ~ I I  CIIR 

t available f i o m  Yaesu I 

IO~IW. FT716 
tnd hot supplied with 'I 
R sbnwn witt 



VFOs per band to watch 
different areas of the 
band. Keep your sked fre- 
auencies stored in anv of 

Seriously 

(he 100 memories, which 
retain frequency and 
mode. And let the RF speech 
processor get you through tough 
pile ups. 

Ready for computer con- 
trol. The FT-736R is equipped 

for CAT (Com- 
puter kded lbn- 
ing) control via 
the rear panel 

4800 baud serial 
data port (our 
command set is 

station, choose from 
these popular accessories: 
Iambic keyer module. 
FTS-8 CTCSS unit. FVS-1 

complete frequency control and 
satellitelEME antenna track- 
ing using our new G-5400B or 
G-56OOB AZ-EL rotators. 

Your total communica- 
tions package. The FT-736R 
delivers 25 watts RF output on 
2 meters, 220 MHz and 70 cm. 
And 10 watts on 6 meters and 
1.2 GHz. With separate linear 
amplifier relay control lines for 
each band. 

voice synthesizer. FMP-1 AQS 
message display. E-736 DC cable. 
MD-lB8 desk micro- 
phone. And our super 
YH-55 headphones. 

Discover the 
FT-736R 
at your h 

dealer 
today. But 
first hake plenty of' room for 
exot,ic QSL cards. Hecause the 
ultimate DX is out there. And 

included in your owner's man- And to round out your you n~ver know who's listening. 
i1a1). Create vour own software FT-736R 



Measure Up With Coaxial Dynamics 
Model 85A %mination Wattmeter 

- neplr 
calib~ 
Four 1 
0-3n: 
C...". - rum(& 

ACCUI 
Temp 

Contacr "...* ^A. mu,, I", I ,  

Dynam~ 
represe 
distribu 

A direct-reading instrument for servking 50 ohm communication systems and 
maintaining them at peak operation. 
The Model 85A features: 

Dry load no coolant required. 
- ---'weable connectors, interchanmable withcirn amim instrument - - 

atton. 
power ranges eas~ly witchable - 
5/50 and 150 watts full scale. 
tency Range: 20 to 512 MHz 
recy * 5% OFS 
lerature Compensated 

Service and Dependability.. .A Part of Every M u c t  I 

~ - - - I r r I I I r I r I r I I I I I I I I I I I I r I . . I I I I I I I m I I I m I I ~  
8 t 
! THROW AWAY YOUR FALCON CATALOGS : 

1.' American m a d e , ' ~ ~ c  
FET and bipolar repeater, 
base station and mobile 

I power amplifiers an- 
J ( ' , ,, nounces a major redesign 

of our line. 
( Send for infonatlon on 

I 
I 

6184; 8251; 8252; 8253; ! 
8261, 8262, 8271, 8272 4 
and 8282. 

1 COMMUNICATIONS (71 4) 760.3622 i 
-CIIII-I~~~~----~.~--~IIIIIIIIII~--IIIIIII-I---* 

Please send all reader inquiries directly. 

PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 
SINGLE & DOUBLE SIDED 
PLATE THROUGH HOLES 
TEFLON AVAILABLE 
P.C. DESIGN SERVICES 

FOR MORE INFORMATION 

I'r -Midland 
Technologies 

34374 EAST FAONTAGE ROAD 
BOZEMAN. MT59715 (406) 586-1 190 

5 

BLACK DACRON0 POLYESTER 
ANTENNA ROPE 

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

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

Dealer lr iqu~r~es Invited 

24RE*mMAM..BVMM021 
synthetic MNNRA CALIFORNIABCCO 
textilesJnc. (805) w'm ..... , 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Servicing "Hams" for 30 years. no rig 

too old or new for us. 

I 4033 Brownsvllle Road I 
Trevose, Pa. 19047 

21 5-357-1400 
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new 2-meter mobiles from 
ICOM 

ICOM has introduced the IC-228A. 25 wan. 
and IC-228H. 45 wan, 2-meter top-of-the-line 
mobiles. These compact models (5.5" wide by 
2.0" high by 5.4" deep and 6.2" deep, respec- 
tively) have 13 front-panel controls for ease of 
operation. Both feature wideband Rx coverage 
of 138-174 MHz; Tx coverage is 140-150 MHz. 
Twenty memory channels with a lock-out func- 
tion store the frequency. It has offsat and subau- 
dible tone for each memory. Both models feature 
programmable scan and memory scan, priority 
watch to  monitor the call channel, a memory 
channel, or all memory channels every five se- 
conds while operating on another frequency. 

An optional UT-40 squelch unit emits a 
30-second alarm when the frequency of a 
received tone equals the set tone frequency. 

The suggested retail price of 25watt IC-228A 
is $509.00; the 45-watt IC228H is $539.00. 

For more information contact ICOM Ameri- 
ca, Inc., 2380 116th Avenue, N.E.. P.O. Box 
C-90029, Bellevub, Washington 98009-9029. 

Circle IJ09 on Reader Service Card. 

tools for coaxial users 
Mouser Electronics offers a Simplex Coaxial 

Cable Stripper, Crimping Tool, and a Strip'n 
Crimp Tool Kit for working with coaxial cable. 

The cable stripper is 3.5" long and can strip 
most coaxial cable from 3.6 mm to 7.6 mm. It 
comes with three-bladed preset cassette provid- 
ing up to 5000 strips per cassette. Use the strip- 
per for precision cutting through sheath, braid, 
and dielectric simultaneously or separately. Ask 
for Pan No. ME=-CS113CBR. 

The crimping tool is made of heavy gauge ma- 
terial. It has a controlled cycle mechanism for 
complete crimp, dual apertures for greater ca- 
ble range, and a built-in release catch. This tool, 
Pan No. ME382-DC89, comes with instructions. 

The Strip'n Crimp Coaxial Tool Kit is a com- 

plete tool kit for coaxial users. Each kit contains 
a dual crimping tool, simplex cable stripper, ten 
plugs and cable sleeves for the following sizes; 
RG59, RG62, UR90, URM43, U R M 9 6 .  
or 0.613.7 cables. Instructions are included with 
the kit. Ask for Part No. MEW-SNC5859. 

A complete catalog is available free of charge. 
Contact Mouser Electronics, 2401 Highway 287 
Nonh, Mansfield, Texas 76063. 

Circle m5 on Reader Servica Card. 

VR-1 voltage reference 
TheVR-1 is the latest product in the Sibex line 

of portable test equipment. The handheld pre- 
cision voltage source is battery powered, and 
output is selectable from 10 mV to 10 V, in a 
1-2-5sequence. by the 11-position switch. Both 
+ and - voltages are available at the output 
terminals. A low battery indicator is provided on 
the front panel. The unit is housed in a pocket- 
size plastic case; power is supplied by a stan- 
dard 9-volt battery inside the case. 

Units are available from stock and priced at 
$89.95. For infomwtion contact Sibex, Inc., 1088 
Kapp Drive. Clearwater, Florida 34625. 

Circle CaS on Reader Service Card. 

AR-80LM logic monitor 
American Reliance has added the AR-80LM 

logic monitor to their logic measurement prod- 
uct line. 

The custom-IC design provides autodetection 
of both power and ground pins, making instru- 
ment usage an easy. clip-on-and-view operation. 
The unit also autodetects both l T L  and CMOS 
logic levels. 

The unit provides indications for logic high, 
low, and pulsing inputs. For pulses with repeti- 
tion rates over 8 Hz, the unit flashes the LED 
at an 8 Hz rate. This allows use of the unit at 
clock rates of up to 40 MHz. 

The AR-80LM sells for a suggested user price 
of $79 and includes a storage case and opera- 

tor's manual. For details contact ARI Media, 
9241 E. Valley Boulevard, Suite 201, Rosemead, 
California 91770. 

Circle 8307 on Reader Service Card. 

new mobile amplifiers and 
repeater controller 

RF Concepts has two new all-mode solid-state 
rf power ampliers and a new repeater controller. 

UHF amplifiers are: model RFC 4310.30 watts 
in = 100 watts out, maximum input 35 watts; 
and RFC 4-110. 10 watts in = 100 watts out, 
maximum input 15 watts. Both use a GaAsFET 
receive pre-amp with 15dB gain and a noise fig- 
ure of 1.75 dB. They require 13.8 VDC, current, 
25 ampere. Measurements are 11.5"L x 6%' x 
3%. The RFC 4-310 is priced at $324 and the 
RFC 4-110 is $349. 

The repeater controller RFC 8-RC has a con- 
trol system capable of handling all the require- 
ments for large multiple-site interconnected 
systems as well as the simple repeater. The list 
price is $395. 

RF Concepts products can be purchased from 
Amateur Radio dealers. For details contact RF 
Concepts, 2000 Humbolt Street. Reno, Nevada 
89509. 

Circle CJa) on Reader Service Card. 

Genius at Riverhead 
Genius at Riverhead is the story of Harold H. 

Beverage, developer of the "Beverage 
Antenna". 

This biography tells of Harold's travels and 
work with many of the leaders in the fmld of wire- 
less and related sciences. 

The 130-page book, with 35 photos, is avail- 
able through the ham radio Bookstore for $15.95 
plus $3.50 for shipping and handling. 
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remote baselsimplex 
phone patch controller 

Control your station 
locally 

or from a distance 

The terrain in my northern Alabama location is hilly 
and a large mountain blocks most of the targeted 
coverage area for 2 meters limiting my QSOs. I explor- 
ed several solutions to the problem, including placing 
a repeater on a mountain top, and finally decided to 
use a box hooked to a simplex radio that can be 
remotely located and controlled from a standard 
touchtone telephone. 

The box can be connected either to the Public 
Switched Telephone Network (PSTN) as in fig. 1, or 
at a local level with the circuit shown in fig. 2. It re- 
quires only the telephone and a few extra components. 
The station can be located in the garage, with the 
telephone the only radio "apparatus" in the family 
room. Add a speaker phone for general monitoring and 
use the handset for private conversation. 

making it secure 
After completing the hardware design, I address- 

ed the issue of security. Could I limit transmitter 
access to ham operators only and maintain a reason- 
able amount of control during operations involving 
non-hams? 

I solved the first problem by using an access code 
to activate the transmitter. To control operations in- 
volving non-hams, I decided to limit all comrnunica- 
tions from the telephone line to a 30 second'maximum 
transmission time. If the telephone line carrier keeps 
the transmitter on past this time, the transmitter drops 
out and allows no further transmissions from the tele- 
phone until the box receives instructions from the con- 
trol operator. 

LOCAL 
TELEPHONE 

REMOTE CONTROL - 

operation 

- 
RIG 

- 

Begin operation by calling the remote unit from a 
remote telephone. After the selected number of rings 
you will hear the remote unit activate. You are now 
in the receive or monitor mode. Always listen for traffic 
already in progress before transmitting. 

To transmit, enter your access code then press the 
#key and then the 9 key. After transmitting, depress 
the 9 key and the transmitter will deactivate. To trans- 
mit again, you need only hit the 9 key. 

Terminate the call by hanging up or hitting the #; 
the remote unit automatically shuts down. Time-out 
timers allow transmissions of only 30 seconds or less. 

Once the access code is entered, you can go into 
vox mode at the remote site by entering #and 0. The 
transmitter keys whenever you speak into the tele- 
phone. If the transmitter is keyed for longer than the 
allowed time, the remote unit will deactivate it and pre- 
vent further transmissions until the carrier from the 
telephone drops out and instructions are received from 
the control operator. To exit this mode enter # and 

USER 
ClRCUITS - 

fig. 1. PSTN operating mode diagram. 
By Roger Owens, AA4NX and Jeff Owens, 
KK4LA, P.O. Box 277, Owens Cross Roads, 
Alabama 35763 
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USER 
CIRCUITS 

IOV OC AT 2 0 m A  

fig. 2. Private line operating mode diagram. 

wait for an answer. The remote unit automatically goes 
into the vox mode. The operator has control of the 
remote unit and can terminate the call. Calls are limit- 
ed to 3 minutes; all long distance calls are prevented. 

digital circuitry 
A microprocessor reduces the number of com- 

ponents (see the block diagram in fig. 3 and circuit 
in fig. 4). 1 used the 80C31 because of its timers, on- 
board RAM, interrupt structure, and special function 

0 from the local site. This returns the remote to 
monitor mode. 

MIKE 
AMPLIFIER TX AUDIO 

status indicators 
Several indicators built into the software routines 

determine the status of the remote unit: 
CD - Main carrier detect. 
RADCD-Carrier detected is from the radio receiver. 
TELECD-Carrier detected is from the telephone 

line. 
OH-Remote unit is in the off-hook condition. 
PTT-Remote unit has the transmitter keyed. 
ACCESS- Remote unit has accepted access code. 
Table 1 lists commands which activate specific out- 

put port pins. They are used to turn on NPN switch- 
ing transistors that drive external control relays. These 
relays in turn activate additional functions through 
touchtones (DTMF) from a telephone or radio. registers. The 80C31 also has various op-code instruc- 

Mobile operation requires a touchtone generator. tions which operate on internal and external bytes and 
To call, enter your access code then send the * and bits for programming ease. 
0 command to the remote unit. This takes the unit The microprocessor is configured as follows: Port 
off hook and keys the transmitter for 3 seconds to 0 is used as a multiplexed port in conjunction with the 
acknowledge the dial tone. When the transmitter 74HCT373 eight-bit latch to separate the lower order 
drops out, dial your number, listen for ring back and address from data. This occurs each time address latch 

Table 1. User defined port definitions. 

Port A 
Output bit-function Output bit-function 
1 -TELCAR 5-SPARE 
2-RADCAR 6-SPARE 
3-PTT 7-SPARE 
4-OH 8-SPARE 

Port B 
Output bit-function Output bit-function 
1 -#1 5-#5 
2-#2 6-6 
3-#3 7-#7 
4-#4 8-#8 

(User defined) 

PUSH TO TALK 
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fig. 3. Functional block diagram. 



"ON WINDOW" Line 
PATENTED 

I 

VHF 
(1 40-1 75) 

No Hole 
Easy to Mount 
Rugged 
Superior 

Performance 
Radiator Snaps 

On and Off 
CompeMively Priced 

UHF 
(420-520) 

3 db gain 
No Hole 
Easy b Mount 
Rugged 
Superior 

Performance 
Rad~ator Snaps 

On and Off 3 , Competitive/y 
Prrced 

I 0 220 MHz NOW Available! 
0 I 

I 9001 Exchange Ave Franklin Park. lL 60131 312-671-6690 I 
brings imagination and innovation to 

antennas -. . . . . and has been 
since 1948!! 

I radio one;;stine. 1:rcsh. tirnclv. "rartical and down to canh read~ng for I 
@ns. ~ n i l c n  h y  the world's heht In thclr ~;clds: 
1.72C-l. Vl313MV. K11613%1', l).l9zB. 7AV>lll</., I 

I WIWY, NZSS, K7GCO. K4ZN, W4GF, VliJJ'I'O, W134ZSII. 
WDTI'l3U. K02M. NS6X. W2XQ. W31:G. KA313. K1Pl.R. N31K, I 
N7CKD, V F ~ X N ,  /\BOX, JEICKA and others. 

Includes DX News, QSL Info, 160m. ROm, 10m, 6m columns, 
DX editioning. Propa tion, Awards, Contest Rules and Results, 
Traffic - Emergency, F% N m .  New Products, Antennas, Technical 
News and articles, Equipment Reviem and Modifications, Computer 
Programs, Radio Funnies. Club Life, SWL, R T N ,  VIIF/lJHF, Mail 
Uox. Classified Adsand much more in a magazine formal with the speed 
of a bulletin. RADIOSPORTING sponsors DX Centurion Award. 
Contest Ifall of Fame and World Radio Championship contest. 

'Your publication is superb! Keep it up!' Joe Rciscrt, WlJR 
"Your W2PV articles are priceless. Your magazine is super!" 

Rush Drake. W7RM 
"Let me congratulate you on a very impressive magazine. Just what 

I've been looking forasa DXerand Contester!" Dick Moen, N7RO 
'RADIOSPORTING, once received, cannot be tossed aside until 

it is read from c m r  to cover. Then reviewed again and again." 
Chas Browning. W4PKA 

"I take every ham magazine and can say without reservation that 
RADIOSPORTING is the first one read each month." 

Joe Rudi, N K N ,  "Oakland A's' 
Subscription rates: 1 year USA SIR, Canada CDNSZR, Overseas 

USS25; 2 years $33, $50. $44 respectively. Single issue $2. 
USA First Class Mail add SlO/year, DX Air Mail add SZOtyear. 

TRY US! SUBSCRIBE OR SEND $1 FOR YOUR 
SAMPLE COPY. VISA, MASTERCARD accepfed. 
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fig. 4. "Brain" of controller is 80C31 microprocessor. 

- 

enable (ALE) goes high. Port 2 serves as the higher 
order program address lines. 

I selected this microprocessor, driven by a 12-MHz 
crystal, for its proper timer operation (which I will 
describe later). Port 1 serves as both the input and out- 
put port for the system. Port 1 bits, 0 through 3, are 
used as input data from the DTMF receiver. Port 1 bit 
4 is used for an output pin for the 1-kHz clock, gen- 
erated by the real-time clock routine in the software. 
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fig. 5. Dallas Semiconductor DS1232 is used a s  reset and 
watch dog timer. 
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Twice the size of the previous edition 
Over 700 pages 
987 figures 
Edited by Gerald L. Hall, KlTD 

QST Associate 
Technical Editor 

Available in August 
- - - .- 

m h  Edition of The ARRL Antenna Book has been 

fter the 4 -. - . 
:hapter 
nna 

dramatically expanded in a similar fashion to recent editions of the 
ARRL Handbook and the ARRL Operating Manual. We've drawn on 
material produced by the ARRL Technical Department and from 16 
well-known outside authors who have done much to contribute to 
the stateof-theart in antenna and transmission line design. \ '  
Available in softcover only for $18 at your dealer or directly from a\ 
ARRL (shipping and handling: $2.50, $3.50 for UPS) j\ ' 
CHAPTER LINEUP: i y  

The numbei of pages appears in parentheses al 't 1% 

title. Page counts may vary slightly. Safely First (18), Ante....-. 
Fundamentals (42), The Effects of the Earth (14), Selecting Your L. 

Antenna System (W), LoapAntennas (16), Multielement Arrays 
(42). Broadband Antennas (12), Log Periodic Arrays (24), Yagi 
Arrays (26). Quad Arrays (14), Long Wire and Traveling Wave 
Antennas (18), Direction Finding Antennas (26), Portable Antennas 
(10). Mobile and Maritime Antennas (30), Repeater Antenna 
Systems (20). VHF and UHF Antenna Systems (44), Antennas for 
Space Communications (32), Spacecraft Antennas (8). Antenna 
Materials and Accessories (20). Antenna Supports (a), Radio 
Wave Propagation (26), Transmission Lines (26), Coupling the 
Transmitter to the Line (18), Coupling the Line to the Antenna (28), 
Antenna and Transmission-Line Measurements (36), Smith Chart 
Calculations (16), Topical Bibliography on Antennas (32), Glossary 
and Abbreviations (4), Contents, Index, etc (16). 

ARRL 225 MAIN ST., NEWINGTON, CT 0611 1 
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TELEPHONE CARRIER 

RADIO CARRIER 

ACCESS VAL10 

fig. 6. Eight bit latches are used for input and output 
ports. 

Port 1 bit 5 is used as an output control pin to make 
the off-hook (OH) relay active. This signal is gener- 
ated when the unit is in private line (no dc), has de- 
tected the correct amount of ring cycles, or senses 
telephone line current. The tone generator is used for 
warning beeps and CW signal; Port 1 bit 6 is used to 
turn it on and off. Port 1 bit 7 is used as the push-to- 
talk (PTT) signal to the radio transmitter whenever a 
transmission is requested. 

Port 3 provides the system's interrupt scheme. In- 
put pin 2 is an edge-triggered interrupt used for main 
carrier detection. lnput pin 0, in conjunction with the 
main carrier detect bit, tells the microprocessor that 
the carrier is from the telephone lines. lnput pin 1, 
along with the main carrier detect bit, tells the 
microprocessor that the carrier is from the radio. 

lnput Port I pin 3 is an edge-triggered interrupt that 
indicates the presence of a ring signal or telephone 
off-hook current. 

lnput Port 1 pin 4 tells the microprocessor that the 
carrier is a valid DTMF signal. 

lnput Port 1 pin 5, the input to a timer interrupt, 
generates a I-second interrupt to drive the time-out 
timers and long delays. The remaining bits of Port 3 
generate the system read and write signals. 

The microprocessor reset is input on pin 9. A Dallas 
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Semiconductor DS1232 is used as the reset and 
watchdog timer in this system. To prevent a reset sig- 
nal from being generated, this reset circuit (fig. 5) 
must be written to by software at a periodic rate. A 
reset signal is also generated if the power drops be- 
low a predetermined level. This chip can save you trips 
to your remote site, but is not necessary for this 
application. A simple RC network can also be used 
to generate a reset signal on power-up. 

The program memory used is a 16K x 8 EPROM 
(27C128A), as seen in fig. 3, chosen to allow for 
expansion. 

I needed extra input and output ports to provide for 
the input and output of control signals. The 74HCT138 
is used to decode external addresses for these pons. 
Only four ports are used; four more are held in reserve 
for expansion. All input and output ports (see fig. 6) 
use an eight-bit latch (74HCT373). Ports A and 6 are 
used for output; Ports C and D are for input. 

The write signal for the output ports (see fig. 7 )  is 
generated by the selection of an address, NOR'ed with 
the system write signal. This scheme is used for all 

NOTE: THE SVYBOL V REPRE- 
SENTS A IOk PULL-UP 
RESISTOR TO +5V A2 
AN0 A> 4 R E  THFSE 
RESISTOR ARRAS.  

TEST TONE 

U I I  

PL 

RING COW? 

fig. 7. User option inputs are determined switch settings. 



Have you be& trawling the bounding main for a new product? We have just 
netted it-the TP-38 microprocessor controlled community repeater panel which 
provides the complete interface between the 
repeater receiver and transmitter. Scuttle .- .- 
individual tone cards. all 38 EIA standard . - - - . -. . - - . - 
CTCSS tones are included as well as time and hit accun~ulators, programmable 
timers. tone translation, and AC power supply at one low price of $595.00.Thc $595.00 each 
TP-38 is packed like a can of sardines with features, as a matter of fact the only $59.95 DTMF module 
additional option is a DTMF module for $59.95. This modulc allows complete $149.95 Digital CTCSS module 
offsite remote control of all TP-38 functions, including adding new customers or 
deleting poor paying ones, over the repeater receiver channel. 

Other features include CMOS circuitry for low power consumption, non-volatile 
memory to retain programming if power loss occurs, immunity to faking, pro- 
grammable security code and much more. The TP-38 is backed by our legendary 
I year warranty and isshipped fresh daily. Why not set passage for the abundant watcrs 
of Communications Specialists and cast your nets for a TP-38 or other fine catch. 

-COMMUNICATIONS SPECIALISTS, IM. 
426 West Taft Avenue CA 92665-4296 
Local (714) 998-3021 F$7"z~74-3420 

&tire US.A. 1-800-854-0547 = 



*Repeaters 
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*Remote Base 
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*Receivers 

Manufacturers of Quality Communications Equipment 
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Computerized 
Controllers 
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Computerized 
Auto Patches 

EXPANDABLE REPEATER SYSTEM 

A NEW CONCEPT IN REPEATm DESIGN. THE H Pm " E  IS AN EXWMBLE REPEATER Wlll i  THE FOLLOWING FEANRES A BASK: REPEATER WHICH WWW IN 

CLUDE A CWPLm RECEIVER. TRANSMITER. COR, mM F'ANEL COMROCS AND INMUTORS. IDXL SPEAKER AND MC JACK AND CAPIBLE OF FUTURE 
EXF'ANSW3N ALL KWSED IN AN EXIREMELY RUGGED. ENCUSED, ISINCH RACK MWNTAELE CABINET 

THIS SYSTEM CAN BE EXMWED AT nME OF PURCH*SE OR CAN BE AN AFERPORCHASE AM) ON THE AM) ONS ARE-HIGHER POWER. IKWZI VAC POWER 
SUPPCV, IDENTIFIER, AUTO PITCH. OR COMPUTER CONTROLLERS IN M M T W W l  X) THESE AM) ONS AN ADDmWAL RECENER AND TRANSMITER UN BE 

MOVNTED INTERNALLY FOR USE AS CONTROL UNKS. REMOTE EASE OR WAL BAND OPERCTWWl. ETC 
AN EXTENSION F'ANR IS AVAILABLE FOR IDXL MONflDRING OF THE REPEATER AND MNTNNS ALL NECESSARY METERING. STANS LJGHTS AND INMUTORS ALL 

ALHY ONS ARE AVAJLABLE FROM THE CWPINY AND ARE WPLETE INCUlMNG 1NSTRUCTK)NS 

Hi PRO 
VHF-UHF REPEATERS 

SUPERIOR RECEIVER AND TRANSMllTER SPECIFICALLY DESIGNED FOR REPEATER SERVICE. 

ADJUSTABLE TRANSMllTER POWER, FROM 1 TO 25 WAlTS MINIMUM OUTPUT WITH EXTREMELY COOL OPERATION.- 
AUTOMATIC BAlTERY BACK UP SYSTEM CAPABILITY WITH BAlTERY CHARGING AND REVERSE POLARITY PROTECTION.- 
NOW WlTH A FULL COMPLIMENTOF INDICATORS AND STATUS LIGHTS.-100% DUTY CYCLE-ADVANCED REPEATER SQUELCH 
NO CHOPPING, POPPING, OR ANNOYING REPEATER KEY UPS DURING LIGHTNING STORMS.-DIE CAST ALUMINUM R.F. 
ENCLOSURES -SMALL SIZE 5V4 x 19 x 13 "-HIGH QUALITY LONG LIFE DESIGN. 

~i Pro TRANSMITTER AND RECEIVER USED IN ALLHIPROREPEATERS 
HI PRO TRANSMlllER MPRORECEMR 
IXSG~DrORRtRl lFR THlSAECElVERtSTHE 
XRYEE mmErnllrwr run1 w IN nrmnn 

1SSOILB) AUDIO STABILITY. WDBOASTSSUPERYYI 
WAUOLIIC REJECTON %XELCH*ClKNMED€D 

S~~~~ ANDLOW NOISE FOR THIS TYPEOF 
31 16'1' 

ASK ABOUT OUR COMPUTER CONTROL ,p ,o~~ , "~  & Maggiom Electronic Laboratory 
FROU THE 

SYSTEM. AND MICROCONTROL AUTO n-n ~ ~ R ~ E ~ f i ~  600 WESTlUWN RD.. WESl CHESTER. PR 19382 
PATCH. AND REPEATER KITS. WOLOPERATION REPFATFR PHONE: ZIWb6051 TELEX: 4994741.MELCO IW 21- 
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fig. 8. A GTE 8870 is used as a CMOS DTMF chip. 
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external output ports. The read signal for the input 
ports is generated by OR'ing with the system read 
signal. Each input port bit is activated by opening the 
appropriate switch. The port pin is then pulled high 
by a pull-up resistor, telling the microprocessor it needs 
servicing. 

DTMF signal decoding is done by the GTE 8870 
CMOS DTMF chip (see fig. 8). Command signals may 
be entered into the system via the telephone line or 
radio receiver. When a valid DTMF signal is received, 
four bits are sent to the microprocessor input along 
with a strobe signal (std) telling the processor that the 
detected carrier is due to a DTMF signal. The proces- 
sor then decodes this signal and performs the com- 
manded task. 

The tone generator consists of a 555 timer chip, set 
for a frequency of 1 kHz. The generator is turned on 
by a signal from the processor. The signal is capaci- 
tively coupled and the level set by a 10-k pot - one 
of the inputs to a summing amplifier that supplies 
audio to the radio transmitter. 

analog circuitry 
A description of the telephone interface circuitry 

(see fig. 9) begins with the ring and off-hook current 
components. The telephone network has a 600-ohm 
impedance, so transformer T I  is 600 to 600 ohms and 
meets FCC rules part 68: this box does not have FCC 
registration. 

In an on-hook configuration, the dc path is broken 
by the off-hook relay. When a ring signal is applied 
across tip and ring, it is coupled through Rg3 and C17 
from the ring side of the telephone line. The signal is 
then applied to the input of the HI 1 G3 opto-isolator 
and CR8, and the ac circuit is completed through 
these components and tip side of the telephone line. 
When the ring signal goes positive H l lG3  turns on, 
pulling resistor R26 low, generating an interrupt to the 
processor during each positive portion of the ring 
cycle. The processor requires a count of ten cycles 
out of every cycle for a good ring. Once the accumu- 
lated rings reach the count, selected by ring 1 through 
ring 3 dip switches on Port D, the processor sends a 
signal to the off-hook relay closing the dc path. This 
causes current to flow through the 61.9-ohm resistor, 
generating a voltage drop which turns the H l l A A l  
opto-coupler on. A signal is then sent to the proces- 
sor indicating that line current is present. This signal 
is sampled continuously, and if line current disappears 
for a certain length of time the processor sends a de- 
activate signal to the off-hook relay. 

The telphone line side of the interface has a device 
to protect it from the possiblity of over-voltage spikes. 
The secondary side of the telephone circuit has both 
transmit and receive signal currents. The GTE 8912 
PCM filter splits the signal into either a receive or trans- 
mit path. Two zener diodes prevent the PCM filter 
from overloading. 
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fig. 10. Carrier detect circuitry. 
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6.00 

fig. 11. Printed circuit board artwork--component side. 

The receive signal enters through Clq and R30, with 
the gain resistor being Rgl. The telephone output exits 
on pin 16 of the PCM filter. The radio receive signal 
enters the PCM filter on pin 10, and drives T1 through 
a differential amplifier in the PCM filter. 

The DTMF receiver input is taken from the secon- 
dary side of TI ,  allowing command signals to be de- 
coded from either the telephone or the radio receiver. 

The PCM filter requires a 2-MHz clock signal to pro- 
vide necessary filter characteristics. This signal is 
generated by first NAND'ing the system read and write 

signals, then OR'ing the result with the system ALE. 
As a result, the microprocessor clock frequency is 
divided by 6. 

audio and carrier detect 
The telephone signal to be transmitted leaves the 

PCM filter at pin 16 and then enters through R22 into 
a summing amplifier, where the CW tones are also 
mixed when required (see fig. 10). The amplifier's out- 
put goes to the radio microphone input through a 
604-ohm resistor serving as an impedance-matching 
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6.00 -+ 
fig. 12. Printed circuit board artwork-non-component side. 

device. This op-amp can be either an amplifier, attenu- 
ator, or buffer, depending on the ratio of R22 and R23. 
In my application i t  was a buffer. 

The telephone carrier detect circuitry has three 
parts: signal amplifier, rectifier, and comparator. The 
amplifier takes the incoming signal and amplifies it to 
a level sufficient for rectification. The gain is then set 
by the RZ7 and R2* ratio. Diode CR6 half rectifies the 
signal allowing a positive voltage to be applied to the 
filter capacitor C4. Voltage is applied to the input on 
a voltage comparator, U15 When the voltage of the 

input signal rises above the voltage reference at pin 
6, the output goes to a high state generating an inter- 
rupt through an OR gate. A signal is sent to the 
processor pin (described earlier) indicating the carrier 
is from the telephone. Resistor R17 provides a hys- 
tresis effect in the comparator stage, preventing out- 
put chatter if the incoming signal received is close in 
level to the reference. Diode CR5 and Rq are used to 
forward bias CR5. This discharges filter capacitor C4 
which removes the signal from the processor. Carrier 
detection has a fast attack and a slow decay. CR7 
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fig. 13 Component layout superimposed on component side artwork. 

prevents a negative voltage greater than 0.6 VDC from 
being applied to the comparator input. This will 
happen if the carrier stays off long enough - the 
circuit goes negative. 

Radio receive signal path enters the system through 
CI1 into a summing amplifier UI9. This amplifier takes 
the signal from the radio and amplifies it to a -9 dBm 
output on the telephone line. Be sure your audio in- 
put level doesn't go above this level - it is the highest 
level permitted on the public switched system. 

Approximately 35 mV is all that is required to 

achieve this level. I found the audio input to the vol- 
ume control was the best method of obtaining audio 
from the radio receiver. This level should not be varied 
during normal operation. 

The radio carrier detect circuit is identical to the tele- 
phone carrier detect circuit. 

strap option 
Next select the parameters. Look over the functions 

of the Port C and D dip switches, and choose the ones 
for your application. (See Table 2.) 
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Table 2. Port C.  D dip switch selections. 

Port C (SW-1) Port D (SW-2) 
Switch No.lFunction Switch No./Function 
1-4 First digit of 1 -Test of I-kHz tone 

access code 0-9 2- Expansion 
3-Private line (no dcl  
4- Expansion 

5-8 Second digit of 5- Expansion 
access code 0-9 6- Ring count 0 (LSB) 

7 - Ring count 1 binary 
coded 

8-Ring count 2 (MSB) 

construction 
Construction isn't critical; I've included the artwork 

double-sided pc board (figs. 11 and 12) and the com- 
ponent layout (fig. 13). 1 used components that were 
easy to obtain. You can order a printed circuit board 
or any major parts directly from me. I would be in- 
terested in any comments or ideas you may have; for 
a reply please enclose an SASE. I hope you have as 
much fun with this project as I've had. 
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HAM RADIO 
TECHNIQUES 

Bill Orr, W6SAI 

the joys of TVI or, 
were you on the air One of the areas in the TVIVCRlca- the same in both conductors (the 

last night? ble field that bears close examination center conductor and the shield). The 
is common mode interference. John induced current is much higher on the - 

Radio frequency interference (RFI) Norback, WGKFV, a technical consul- coax shield than it is on the center con- 
and television interference (TVI) have tant in the field of RFI, provided infor- ductor (fig. 1). 
been around for years. In the last de- mation on this subject. In either case, the induced line cur- 
cade they have been joined by VCR, 
telephone answering machine, stereo, mode 
and cable TV interference along with interference 
other irritants that can drive an active 
Amateur crazy. 

More and more household gadgets 
are susceptible to nearby rf energy. 
One cause of the proliferation of RFI 
problems is the deregulation of the tele- 
phone companies. Hundreds of new 
telephone gadgets are on the market, 
and many of them are poorly designed 
by manufacturers who know nothing 
of interference problems. A lot of the 
gadgets are so small and tightly pack- 
aged that there is no room inside them 
to install filtering. 

Most of the VCRs, TV sets, and 
good AM/FM stereo systems built af- 
ter 1984 seem to be more rf resistant 
than their ancestors; this is good 
news. However, it must be empha- 
sized that the unwanted signal rejec- 
tion varies between manufacturers and 
models and it is risky to assume a par- 
ticular TV set or stereo is TVl resistant! 
This month's column concerns RFI 
problems associated with TVIVCR 
combinations and cable TV hookups. 

The term "common mode current" 
originated with the computer industry. 
Before this the power and communi- 
cation industries called the phenome- 
non "longitudinal line current" or 
"parallel line current". 

Common mode interference is 
caused by parallel line current induced 
in a circuit normally carrying out-of- 
phase current. The unwanted current 
can be induced from a nearby Amateur 
transmitter. The signal is picked up by 
the TV feedline or cable system. The 
offending line serves as a good anten- 
na for high-frequency signals. 

In a balanced two-wire system (like 
a 300-ohm N transmission line) the in- 
duced currents in the two wires are in 
the same phase. The ribbon line 
responds to the induced current as if 
the two conductors were tied in 
parallel to operate as one. 

In an unbalanced system, like a 
coaxial line, the common mode picture 
is more complex. This is because the 
induced parallel line currents are not 

rent must go somewhere. Unfor- 
tunately, it goes into the TV tuner or 
VCR circuitry, through the various 
receiver stages, and then via capaci- 
tors to ground through the ac power 
cord of the receiver. Elimination of 
common mode interference must in- 
volve filtering, or breaking, both con- 
ductors of the TV signal lead-in. 

Common mode interference is par- 
ticularly bothersome on TV sets that 
are connected to cable TV systems. 
Even though the main cable system 
may be buried, it surfaces in the homes 
and acts as a pickup antenna for near- 
by, strong rf signals. Ground loops or 
poor joints in the system complicate 
the problem. 

a practical approach to 
common mode 
interference 

Television interference from receiver 
fundamental overload and transmitter 
harmonics has been well covered in 
the literature. The cures, too, are well 
known: a low-pass filter for the trans- 
mitter, a high-pass filter for the TV 
receiver, and a good ground for the 
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COAXIAL 
BALANCED L INE 
LINE 

fig. 1. Common mode current (dashed 
line) is equal in each wire in balanced 
system but is unequal in coaxial system 
(right). 

nels. Normally, common mode N I  will 
affect all TV channels, whether har- 
monically related to the ham signal or 
not, but the number of disturbed chan- 
nels depends on the strength of the 
parallel line currents and how well the 
manufacturer has designed the N set. 
(Note that a vertical transmitting an- 
tenna will cause a stronger common 
mode signal than will a horizontal an- 
tenna. Common mode interference 
can also exist on 40,80 and 160 meters 
- bands not usually subject to har- 
monically related interference.) 

Once you've determined which 

filtered. Solve the interference problem 
first.' 

Once the N set and/or cable TV 
converter are free from interference 
with the TV signal input lead discon- 
nected, place a balunlhigh-pass filter/ 
balun arrangement in the signal lead 
(fig. 4). The interconnecting leads 
should be as short as possible. A parts 
list is given in the drawing. Radio 
Shack parts were selected because 
they are widely available. Parts specifi- 
cations are listed in case you select 
components from other manufac- 
turers. 

If everything's been done correctly 
up to this point, there should be no in- 
terference on the N set regardless of 
transmitter frequency and TV channel 
selected. If you're still experiencing in- 
terference, install a coaxial high-pass 
filter between the cable TV converter 
and the TV set, as shown. 

INPUT SIGNAL 75n c o a x  
FROM CABLE TV SET 

TV SYSTEM 

0 )  I) LINE CORD 

when a VCR is involved 
The procedures for eliminating TVI 

in a cable N system apply equally well 
when a VCR is involved, but the final 
solution may be more complex. There 
are many makes of VCRs and many 
different ways of connecting them into 
the cable N system. They can be in 
series with the cable TV converter or 
TV set, or split off the cable TV input 

INPUT SIGNAL I---$--- ~ s n  COAX 
FROM CABLE 

TV SYSTEM 

shield of the coax line from transmit- 
ter to antenna. A power line filter may 
be required for the TV set as well as 
the transmitter. Unfortunately, these 
cures do not affect common mode in- 
terference to any substantial degree. 

Figure 2 shows, in simplified form, 
the basic home equipment involved in 
a typical cable TV system. The first 
drawing shows a simple arrangement 
where the cable TV converter is built 
into the TV set; the second shows an 
arrangement where a cable TV con- 
verter is used to offer greater program 
selection. Figure 3 shows an installa- 
tion involving a VCR. 

The cooperation of the TV owner is 
essential. First determine what ham 
band frequencies and TV channels are 
affected. Do not be fooled by interfer- 
ence on harmonically related TV chan- 

750 
r\ . CABLETV 

75n 
TV SET 

TV SISTEM 

fig. 3. Home cable lV installation involving a VCR. Three power cables era involved. 
any one of which could pickup rf energy. 

bl  

fig. 2. (A) Simple home cable TV setup with TV converter built into receiver. (B) Home 
cable TV setup with external converter. Some installations may have two or more ad- 
ditional lV sets installed. More complex installations involve FM, stereo systems. ex- 
ternal speakers, etc. Do not forget these when investigating interference. All are 
suspect. 

CABLE TV 

radio frequencies are causing the TVI, 
note the affected channels. It may be 
all of them, or just one or two. Discon- 
nect the TV receiver from the input sig- 
nal lead to the antenna or cable system 
and recheck the channels where there 
was interference. Normally, the chan- 
nels will be clear. If interference still ex- 
ists, a power line filter for the TV 
receiver may be needed, or external 
speaker lines of the receiver must be 

rsn 
r\ 

lead. Figure 5 shows some typical ar- 
rangements involving VCRs along with 
the correct method of eliminating com- 
mon mode interference. 

With the cooperation of the TV 
owner, first disconnect the cable TV 

'For detailed information on all aspects of interference 
(including interference to Amateur operation) the l n te r -  

ference Handbook by William R. Nelson, WAGFQG, an 
RFI investigator with 33 years experience, is available 
from ham radio Bookstore for $11.95 plus $3.50 ship- 
ping and handling. 

CONVERTER 
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fig. 4. Filter arrangement for N and cable N convener. 

input signal lead from the circuit. Place 
a tape in the VCR and let it play, ob- 
serving the picture on the n/ set. 
Operate your transmitter on all hf 
bands, one at a time, and note any in- 
terference on the VCR picture. Also 
check all channels with the VCR in- 
operative but in the circuit. Identify any 
TV channels experiencing interference. 
If there is interference with the VCR 
operative, or unoperative but still in the 

Q 

1 r; " 

circuit, install the balunlhigh-pass 
filterlbalun arrangement discussed 
earlier between the cable n/ signal in- 
put lead of the cable n/ converter. If 
interference continues, disconnect the 
VCR from the circuit and repeat the 
tests with the TV converter in the cir- 
cuit. You may need to  insert a coaxial 
high-pass filter between the cable N 
converter and the TV set. 

These arrangements should solve 
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fig. 5. Filter arrangements for VCR installation. In case of severe interference install 
pafls 1. 2. 1 of fig. 4 here. 
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the interference problem with the VCR 
either on or off. If the problem con- 
tinues, the interference may be in the 
VCR circuitry associated with the 
recording or playback heads, or it may 
be due to improper grounding or faulty 
connectons in the cable TV circuit. It's 
a good idea to contact the cable TV 
company involved and ask them to in- 
spect their equipment for proper con- 
nections. Don't be surprised if the 
cable TV company inspects your sta- 
tion with a spectrum analyzer. If the 
cable company finds transmitter har- 
monics, you need to do more work on 
your installation, or you must inves- 
tigate the possibility of external rectifi- 
cation. If the cable TV circuit is 
"clean", the problem lies in the VCR. 

Because sensitive circuits of the 
VCR operate in the low-frequency por- 
tion of the 80-meter band, it is wise to 
restrict operation to the upper portion 
of the band until you solve the 
problem. Check with servicers of the 
VCR in question to see if any TVI cor- 
rective measures are available for that 
model. The VCR is a complicated elec- 
tromechanical device and probing its 
"innards" is not recommended! 

the Faraday solution 
I received a note from Wayne Coop- 

er, AG4R, outlining a system which 
"breaks" a TV coaxial line for protec- 
tion against fundamental overload and 

SOLDER INNER CONDUCTOR 

fig. 6. Tightly coupled loops break coax 
to cut fundamental overload and com- 
mon mode currents. 

will pass the VHF signal but will reject 
a lower frequency interfering signal. 
The idea is simple and inexpensive 
(fig. 6). The coax is cut about a foot 
from the TV receiver and two tightly 
coupled 2-inch diameter loops are 
formed. Each coax center conductor 
is soldered to the outer braid and cable 
ties or vinyl tape hold the loops 
together. This comprises an electro- 
static shield. The coupling scheme has 
some loss and may make a weak chan- 
nel more "fuzzy", but works okay 
when the picture is good to begin with. 

another interesting 
quotation 

common mode interference. The idea 
was sent to him by ZSGAUB, who got 
it from G3LLL. It consists of a 1:1 
transformer in the antenna lead which 

Last month I intimated that radio 
hams are well-read, well-rounded in- 
dividuals. As of this writing, the July 
column hasn't seen daylight, so I 
haven't received any response to my 
request for identification of a well- 
known quotation. Even so, I'm going 
to try again to see how alert my read- 
ers are. I suspect only the old-timers 
will identify the following; the book 
first came out in 1923. It created a sen- 
sation and is still a first-rate story (avail- 
able in paperback). So, here's the 
quotation, which took the form of a 
telegram. 

STORY TRUE. AWAIT ME 
ALGIERS. (signed) BURROUGHS 

If you know the book and can iden- 
tify the situation, drop me a note on 
your QSL to Box 7508, Menlo Park, 
California 94025 and I'll publish the 
calls of the erudite "winners" in this 
column! 
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precision high-voltage 
dc regulator 

Convert an 
unregulated high-voltage 

power supply into a regulated 
adjustable voltage source 

I have built a short-circuit proof, RFI resistant, solid- 
state precision regulator that converts an unregulated, 
high-voltage power supply into a stable, adjustable 
voltage source. 

There are three prerequisites this unregulated power 
supply must meet: 

The minimum, full-load, unregulated voltage (includ- 
ing ripple) must exceed the regulated output voltage 
by - 45 volts*. 

The unregulated supply must be capable of provid- 
ing the additional 2.2 mA consumed by sampling resis- 
tor R2 (fig. 1). 

The voltage difference between the unregulated sup- 
ply and the regulated output must not exceed the volt- 
age capability of the pass element. 

applications 
Adjustable screen supply for tetrode or pentode class 

AB-I grid-driven linear amplifiers (using a suitable ( - 
screen current bleeder resistor). 

Klystron and traveling wave tube amplifier power 
supplies. 

Backward wave and klystron oscillator power 
supplies. 

Plate supply for a linear amplifier. 
Any requirement for a regulated voltage up to 6 kV. 

1000 amperes or more is possible if enough pass FETs 
and heat sinks are available. 

limitations and design considerations 
The output voltage capability of the regulator is in- 

directly set by the maximum voltage dropping capa- 
bility of the FET pass element. The voltage difference 
between the unregulated supply and the regulated out- 
put voltage is wasted as heat by the pass element. 
Since only a small part of the input voltage appears 
across the pass element, the maximum output volt- 
age capability of the regulator is about five to six times 
the maximum output voltage rating for the pass ele- 
ment. The Motorola MTM6N60 is rated at 6 amperes, 
600 volts, 150 watts maximum. The highest regulat- 
ed voltage with this pass element is about 3 kV. Sim- 
ilar FETs with ratings up to 1 kV at 150 watts (before 
thermal derating) per device are available. A 1-kV pass 
element can be used to regulate 6 kV. Current capa- 
bility may be increased by paralleling pass elements. 

Paralleling FETs is somewhat easier than parallel- 
ing bipolar transistors because the FET's control ele- 
ment (gate) consumes no power. Since 0 + 0 = 0, 
two or three FETs use the same driving power as one 
-- exclusive of the gate capacitance and charge bleed- 
er resistors from the gates to the sources. Driving the 
gate capacitances is a problem. Each gate adds about 
1800 pF. If more than two MTM6N60s are to be par- 
alleled, use an NPN emitter follower driver to drive the 
bank of FETs in the pass element. The pass FET source 
leads should have current equalizing resistors as par- 
alleled, bipolar transistor emitters do. 

A common reason for paralleling FETs is to obtain 
increased power dissipation instead of more current. 
Although a dissipation rating of 150 watts may look 
good, it is only true at 25 degrees C case temperature. 
One way to keep the case 525 degrees C, while dis- 
sipating 150 watts would be to immerse it in circulat- 
ing distilled ice water. Because this is impractical, the 
device is derated according to the manufacturer's data 
sheet. An educated guess would be about 50 percent, 

May be altered by using different values of R1,R2,C6, and R1, By R.L. Measures, AGGK, phone: 805-482-3034 
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or 75 watts per device with a heat sink that keeps the 
FET case below 85 degrees C in a worst-case situation. 

The greatest heat dissipation in the pass element 
usually occurs at about half the maximum current load. 
At full-load current the unregulated input voltage 
usually sags, and there is little remaining voltage drop 
in the pass element. So, even though the current is 
maximum, the pass voltage drop is minimum, and the 
heat dissipation is less than maximum. 

b 

circuit description 
Series-pass regulators work on the principle that 

regulation will be achieved if they can be made to auto- 
matically waste the difference between the varying 
unregulated input and the desired regulated output 
voltages. The regulating process is a working exam- 
ple of Kirchoff's Law: The sum of all the voltage drops 
(the pass voltage plus the output voltage) are equal 
to the voltage source (the unregulated high-voltage 
power supply). If more voltage is dropped across the 
pass element, less voltage is left over for regulated out- 
put. If less is dropped across the pass element, the 
regulated output voltage increases. The missing piece 
is the brain that tells the pass element's gate what 
to do. 

The circuit's brain is a 723 precision regulator in- 
tegrated circuit in the upside-down and backward posi- 
tive floating regulator configuration. In this regulator 
configuration, the positive output lead is the circuit 
common, or zero reference. The positive floating reg- 
ulator uses its own power supply. In this circuit it 
furnishes about + 20 volts at 0.05 A to a 15-volt zener 
to regulate the voltage that runs the 723 and the nega- 
tive lead of the 723's supply is connected to ( + circuit 
common. 

If the regulator is operated with the negative out- 
put terminal grounded, the 723 regulator, its power 
supplyltransformer, voltage-adjust pot (R7), and pass 
FET/heat sink will be elevated to the I + loutput vol- 
tage. All elements must be properly insulated from 
ground. If the output is operated with the positive lead 
grounded, only the heat sink need be insulated. More 
on this later. 

The 723 has a temperature compensated 7.1 -volt 
reference, a differential error amplifier, and its own 
pass transistor. Access to the non-inverting and the 
inverting input of the differential error amplifier is 
provided. This gives the circuit designer freedom to 
create unconventional circuits like the positive float- 
ing regulator. 723s are sensitive amplifiers with a vol- 
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tage gain of about 1000 and an open-loop current gain 
of about one million. 

High gain is essential if a regulator is to accurately 
sense small deviations in the desired output voltage, 
make the necessary correction at the gate of the pass 
transistor, and maintain precise regulated output vol- 
tage. It is a problem to keep the regulator regulating 
and not deregulating by receiving radio signals at the 
same time. External rf energy allowed to enter a criti- 
cal terminal on the 723. C4, C5, and C7 are rf bypass- 
es. C1 and Rlo reduce the rf gain of the differential 
amplifier. The input terminals of the differential am- 
plifier are rf-isolated by the resistors that deliver the 
dc signals. Radio frequency has a hard time passing 
through high-value resistors. 

Several commercial power supplies ignore the RFI 
problem and let the users figure it out. The 723 gained 
an undeserved bad reputation from those who did not 
understand the nature of rf and the amplifying ability 
of the 723. 

current limiting 
Most regulated supplies include some form of cur- 

rent limiting. I left it out of this design because the 
pass FET could not withstand the full, unregulated 
voltage during a short-circuitlzero voltage output con- 
dition. A type of current limiting practical here is a 
fuse, or circuit breaker, in the primary of the HV trans- 
former. Ordinary 3AG fuses should never be used in 
the secondary circuit of a high-voltage supply if the 
fault voltage is above their 250-volt rating. A 3AG fuse 
acts like an arc lamp instead of a predictable current 
limirer above 250 volts during a fault, before it even- 
tually explodes. 

Fuses are cheap, power FETs are not and are very 
unforgiving of too much drain-to-source voltage. A 
crowbar thyristor circuit (02)  will automatically fire if 
the voltage across the FET is close to the breakdown 
voltage. This protects the FET(s) in this circuit from 
an unregulated voltage too high for a specific regu- 
lated output voltage. It takes about 1.5 ps for Q2 to 
fire. During this time, the FET is protected by R3/C6, 
an RIC delay circuit. 

If the pass-protect crowbar fires, the output volt- 
age temporarily rises to the same level as that of the 
unregulated supply. The regulated voltage will return 
if the load is removed and excessive voltage is lowered. 
If there is a short across the output, the stored energy 
from the unregulated supply's filter capacitor is dump- 
ed into R 1  for a few milliseconds, until the primary 
fuse opens. R1 must be a wire-wound power resistor 
because the peak dumping current is about 100 am- 
peres.The value of R1 is increased, as the voltage 
capability of the supply is increased, to keep the dump- 
ing current around 100 amperes. For a 3-kV power 
supply, R1 should be a 30-ohmI30-watt unit. 

polarity etiquette 
Remem ber that less positive and more negative a re 

interchangable terms, as are less negative and more 
positive. For example: + 4 volts is more negative, and 
also less positive, than + 5 volts. While - 6 volts is 
more positive than - 7 volts, neither voltage is posi- 
tive with respect to circuit common. The reference 
"than" is the key. 

N channel, enhancement mode, 
power FET rules 

A more positive-(than the source) gate voltage 
makes the FET conduct more heavily. If the gate volt- 
age of the FET becomes less positivelmore negative, 
the conductance of the FET will decrease (like a triode 
vacuum tube). The gate (control) of a FET resembles 
the grid in a triode vacuum tube, the source (of cur- 
rent carriers) is like a cathode, and the drain (of cur- 
rent carriers) is like a plate. The big difference between 
the vacuum tube and the FET is that the FET's con- 
trol voltage is always positive (usually in the range of 
+ 2  to + 4  volts) and the ( +  ) gate draws no current 
- unlike a ( + )  grid in a vacuum tube. 

the 723 
The 723 differential error amplifier has two inputs. 

For the DIP package, Pin 5 is the noninverting input; 
pin 4 the inverting input. Pin 6, the internal 7.1-volt 
reference, is passed through a 2:l voltage divider 
(R5/R6) and the resulting stable 3.55 volts are con- 
nected to pin 4, the inverting input. When the system 
is in balance, 3.5503 volts are applied to the nonin- 
verting input by an opposing-polarity voltage divider: 
R7, R8, and the output-voltage sampling resistor Rg. 
R7/R8 connects to the ( + ) 7.1 volt reference and R2 
connects to the ( - ) output terminal. If the output volt- 
age is correct the differential error amplifier is bal- 
anced, as there is almost no voltage difference 
between the two input terminals. Therefore, the 723 
output is steady and the regulator system is in a state 
of equilibrium. 

Two situations could unbalance the system: too 
much or too little output voltage. Either situation will 
develop if the line voltage or the load current changes. 
A successful regulator must be able to restore balance. 

if there is too much ( -  1 output volt- 
age with respect to the ( + ) common 
reference 

It is safe to assume that the pass FET is conducting 
too much. The excessive, more negativelless positive 
output voltage causes more current to flow in R2. This 
makes the voltage at the noninverting input more neg- 
ative than the constant +3.55 volts on the other in- 
put. The difference voltage is amplified and the more 
negative output drives the gate of the pass FET more 
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negative. This reduces the conductance of the FET, obvious label and accord the heat sink the same 
increasing the FET's voltage drop, leaving less volt- "respect" you would any other high-voltage 
age for the output and the output voltage decreases component.) 
to the correct level. 

if there is too little ( -  1 output voltage 
with respect to the ( +  1 common 
reference 

It is safe to assume that the pass FET is not con- 
ducting as much as it should. 

The insufficient, less negative/more positive volt- 
age at the ( - )  output causes a decrease in current 
through R2. This causes the voltage at the noninvert- 
ing input to also become less negative/more positive 
than the constant + 3.55 volts on the other input. The 
more positive signal is amplified by 723, driving the 
gate of the pass FET more positive. This increases the 
conductance of the FET and lowers the voltage drop 
across it. Consequently, more voltage is delivered to 
the output and the output voltage increases to the cor- 
rect level. 

performance 
I built a 615 to 1000 volt, 0.31-ampere adjustable 

power supply observing the following performance 
parameters. Voltage regulation: I I volt change, no 
load to full load. Ripple and noise: 5 150 peak-to-peak 
mV at 200 mA load, with a 0.02 pF speed-up capaci- 
tor across 90 percent of R2. Without the speed-up ca- 
pacitor on R2 peak-to-peak ripple and noise were 5 
500 mV. Line voltage regulation: 5 1 volt change for 
f 10 percent line voltage change. These measure- 
ments were taken on a Fluke 8022 digital voltmeter 
and a Hewlet-Packard 1706A oscilloscope. 

Changes were made to the regulator circuit and un- 
regulated supply to increase the maximum output volt- 
age to 1900 volts and, with more modifications, to 
6100 volts. There was similar performance at the in- 
creased voltage levels. 

In no case was I able to detect even a one-digit volt- 
age change, from no load to full load, on my Fluke 
DVM, with its maximum count of 1999. 

heat sink caveats 
The FET's drain is connected to its case structure. 

If the case is insulated from the heat sink with a proper- 
ly installed 1000-volt mica insulating washer, the ther- 
mal transfer between the FET and the heat sink will 
be compromised. It's better to fasten the FET case 
directly to the heat sink with a thin coating of thermal 
grease and then insulate it from ground with GI0 
FiberglasTM, acrylic, or some other nonhygroscopic 
material. A high-voltage warning label should be 
placed on or near it. (We, at  ham radio, do not 
recommend having a heat sink a t  high voltage. 
If you choose t o  use this method, provide an 

paralleling FETs 
FETs are fast. They oscillate at VHF - just like 

triode vacuum tubes - unless parasitic suppressor re- 
sistors are used at the output and input terminals. Each 
FET in a bank of paralleled pass FETs should have it's 
own gate-to-source, charge bleeder resistor; a drain, 
parasitic suppressor resistor; a gate, parasitic suppres- 
sor resistor; and a source current equalizing resistor. 
Mount the suppressor resistors close to the FET(s). 
The resistor values can be juggled considerably to ac- 
commodate different current requirements. 

FET selection 
A wide range of power FETs are available from 

Motorola and other manufacturers. For Amateur Radio 
applications, the Motorola MTM3N95 and the 
MTM3N100 are probably the most versatile; a 6-kV 
regulator can be built with either. MTM means it has 
a standard TO-3 case (now called TO-204). The 
numeral 3 stands for 3 amperes; the N means that it 
has an N-type channel, and - ) electrons carry the cur- 
rent. The letter P would indicate that it had a P-type 
channel and that the current carriers were ( +  
"holes," and all polarities are reversed. The number 
to the right of the N or P gives the source to drain, 
maximum voltage rating, less one zero. So, these two 
devices would handle 950 and 1000 volts, respective- 
ly. The rated dissipation on a good heat sink is 125 
watts each during a blizzard, or roughly 70 watts 
indoors. 

A good crowbar thyristor (SCR) for protecting a 
1000-volt FET is the Motorola MCR225-12 rated at 
1000 volts, 300 amperes peak, and 52ps turn-on time. 
The series Zener trigger for this crowbar can be made 
from six 150-volt or 160-volt 5-watt zeners. The 
crowbar-thyristor does not need a heat sink. 

resistor R2 ratings 
Resistors have maximum voltage ratings that take 

precedence over power ratings. Example: A 2-watt, 
5.1-megohm composition resistor requires 3193 volts 
to reach the 2-watt dissipation level. So, although this 
may look like the right choice for a high-voltage sam- 
pling resistor, there is a 500-volt maximum rating that 
must be observed at all times. Using Ohm's law: P = 
EZ/R; at maximum rating, the "2-watt" resistor should 
only be used to dissipate 0.049 watts. 

Special resistors are available for high voltages. 
They have a metal oxide, spiral deposited film, but are 
expensive and hard to find. The 0.5-watt 1 percent var- 
iety metal oxide film resistors are easier to locate and 
have a maximum voltage rating of 350 volts each. You 
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can place as many as you need in series on a perf- 
board. I use 100 k, 0.5 watt, 1 percent resistors in ser- 
ies for R2. They will stand 2.2 mA or 220 volts per unit 
at 0.5-watt dissipation and cost about eight cents 
apiece in quantities of 100. 

modifications 
If necessary, the regulator circuit can be modified 

to use a different sampling current. However, it prob- 
ably should not be reduced below 1 mA. 

construction 
I built the circuit on a piece of perfboard, using a 

wire-wrap IC socket with the pins bent flat. You can 
also use a pc board if the traces used to carry the r 
100 ampere short-circuit current are made of sufficient 
cross section. 

unregulated power supply 
considerations 

Keep in mind that the unregulated voltage needs to 
be only slightly higher than the full-load, regulated vol- 
tage. Extra voltage will be wasted as heat, increasing 
the burden on the pass element. A wide range high- 
voltage supply should use a multi tapped power trans- 
former. 
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NOTEBOOK 
propagation basics 
One of the great mysteries to most 
Amateur Radio newcomers is how DX 
signals get from place to place around 
the globe. To a casual or uninformed 
listener, there is no apparent reason for 
some bands to be "dead" while others 
are booming with activity. And why 
does a band full of very strong signals 
fade out suddenly sometimes, but at 
other times slowly and incompletely? 

There are reasons for this behavior, 
and an experienced Amateur soon 
learns to take advantage of the mechan- 
ism that provides a path to that distant 
station. 

It all has to do with the ionosphere - 
that layer of gases that makes up the 
atmospherewe live, breathe, and fly in. 
Under the influence of radiation from 
the sun, this shell that protects life on 
earth takes on some strange properties 
that provide life on our Amateur bands. 

layer after layer 
Fortunately for us, the entire 

atmosphere does not react in the same 
way t o  solar radiation. There are 
"layers" of reaction at well-defined 
heights above ground; these layers 
change their characteristics daily and 
seasonally. Normal ultraviolet radiation 
from the sun causes most of the action, 
with help from periodic outbursts of 
radiation like Extreme Ultraviolet (EUV) 
and X-rays, and both high- and low- 
energy particles. 

When ultraviolet and other solar radi- 
ation reaches the atmosphere, it reacts 
with the air molecules in such a way that 

Tom Mc Mullan. WlSL 

they become "ionized". Some elec- 
trons are knocked loose from their par- 
ent atoms, and some molecules gain an 
extra electron or two. The result is a 
layer of particles that have an electrical 
charge, either positive or negative. 
Such a layer reacts with radio waves as 
they travel upward from the surface. 
Layers of different densities occur at 

Things get more active at heights of 
90 to 250 miles. There are two layers up 
there, called "Fl " and "F2." These have 
an unusual property in that they are 
separate, distinct layersduring theday- 
light hours, but combine after sunset to 
form just one "F" layer. Figure 1 shows 
these layers as they might appear dur- 
ing a normal daylight period. 

different levels in the atmosphere. The 
lowest layer, approximately 45 to 55 the layer 
miles above the surface, is called the This lowest layer is not really of much 
"D" layer. There isalso an "E" layer at use to Amateurs. In fact, it usually 
about 65 to 75 miles high. It has a wan- worksagainst our desire to QSO on the 
dering cousin called "sporadic E" that lower frequency bands (1.8, 3.5, and 
creates some interesting conditions. sometimes 7 MHz) by absorbing the 
(More about this one later.) waves as they travel outward from the 

fig. 1. The atmosphere contains layers of ionized atoms at various heights above ground. 
These layers, 0, E, F1, and F2 bend radio waves back to earth. The density of ioniza- 
tion determines the frequencies that are usable; the height determines the distance 
to the first (and subsequent) point of return to earth. At night the D layer disappears, 
and F1 and F2 combine to become one F layer. 
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antenna. The density of the D layer is 
such that wavelengths below a certain 
frequency (called the LUF, or Lowest 
Usable Frequency) are simply 
absorbed on the way through. Talk 
about a big dummy load! The D layer 
dissipates after sunset. 

You can hear the effects of this dissi- 
pation on the A M  broadcast band. 
Throughout the day, only nearby sta- 
tions can be heard. But not long after 
sunset, DX starts to  come in at ever 
increasing distances until you can often 
tune in stations half a continent away. 
That's why so many A M  broadcast sta- 
tions have to sign off at sunset - they 
would create unbelievable QRM when 
the D layer dissipatesand allows better 
propagation. The same change takes 
place on the 1.8.3.5, and 7 MHz bands; 
the distancesthat can beworked on 3.5 
and7 can span theglobe. Of course, our 
high-flying friend, the F layer, is what 
provides all this DX on these lower 
bands at night. 

the F layer(s1 
No one is exactly sure why there are 

two F layers, but they definitely exist. 
Layer height and densityaredetermined 
by sending a radio-frequency pulse 
straight up and recording the reflections 
as they return; the instrument used is 
called an ionosonde. Not only does this 
locate the height of the layers, but it can 
determinethe point atwhich nothing is 
reflected when the radio frequency of 
the pulse isvaried. This is the Maximum 
Usable ~ r e ~ u e n c y ' ( ~ ~ ~ ) .  Frequencies 
higher than this will just keep going out 
into space, and those between the LUF 
and MUFwill be bent (refracted) sothat 
they return to earth. 

The F1 layer seems to have very little 
to do - just a small amount of refract- 
ing except in times of very high solar 
activity. The F2 layer providesthe bend- 
ing that creates most of the DX open- 
ings during the day and most of the 
night. The density of the F2 layer is 
directly affected by the sun's activity, 
and can provide DX signals that vary 
from being just readable to pinning the 
S-meter. The higher the activity, the 
higherthe MUF will be. Thismeansthat 
during periods of high solar activity the 

MUF will often climb up beyond 30 
MHz, even reaching above 50 MHz in 
very good years. We are just starting a 
period of increasing activity, so get 
ready now for some spectacular open- 
ings on 28 MHz during the next 4 or 5 
years. Peaks of activity can't be pinned 
down precisely, but the peak for this 
cycle should occur in the early 1990s. 
Afterthat, therewill bea gradualdecline 
to  the next minimum. The cycle from 
high to  high (and low to  low1 runs 
approximately 11 years. 

E and sporadic E 
This layer was once called the 

"Kennely-Heaviside layer" after some 
early investigators who theorized about 
its properties. It provides relatively 
short-hop propagation by bending sig- 
nals back to a point 600 to 1200 miles 
away. 

Its cousin, "sporadic E" (E,), is not 
consistent enough to provide much 
excitement on the Amateur bands 
below 21 MHz. Its effects would be 
masked by F-layer reflection and by 
noise levels. The E, layer begins to be 
evident above28 MHz when it isactive; 
at 50and 144 MHz theactivity can pro- 
vide amazingly strong signal paths. E, 
signals have often been heard as high as 
220 MHz, but it was not until early 1988 
that two-way contactwas made via this 
medium at 220 MHz. 

The theory of E, propagation that 
seems to fit is that it is a "cloud" or 
"patch" of ionization that wanders 
erratically about at heights of 65 to 75 
miles. The most common locationsfor 
these clouds in the United Statesseem 
to bethesoutheastern partof the coun- 
try. They often start nearthe Gulf coast 
in Louisiana or Mississippi, and travel 
northward toward Arkansas and Mis- 
souri. In some instances, asecond cloud 
appearsoverthe southwest. When this 
happens, VHF enthusiasts can exper- 
ience the thrill of "double-hop" DX, 
with contactspossibleoutto2,000miles 
or more. 

These E, clouds have appeared far- 
thereast and north as well, and thereare 
reports of European E, propagation on 
144 MHz. Signalscan bevery loud and 
stay with you for several minutes, or 
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Check the advantages to you, the 
DX'er, by using one or more of our 
Network Series 1000 Ringrotors: 
4 Now possible: 1 tower - Multlple 

rotating antennae 
(/ Yet retain - indlvldual rotatlon 

4 I - Beam ring construction for strength 
d 24VDC gearmotor. steel gear drive for 

power 

(/ 1 degree position feedback for accuracy 
@ Lower rotor position on tower for fewer 

lightning strikes 

(/ A serious product for serious users. 

YOU MAY ORDER NOW BY CALLING 

TIC General 
P.O. Box 1, 302 E. 3rd 

Thief River Falls, MN 58701 
Phone: Toll-free 1.800-423.8417 

or 218-681.1291 

fl 126 

Luqa, dipda, fesdlina, sr. 
Add S5 Shipriru & H n d b a  

AMATEUR RADIO MAIL LISTS 
Self-stick 1 x3 labels 

*** NEWLY LICENCED HAMS *** 
*** ALL NEW UPGRADES *** 
*** UPDATED EACH WEEK *** 

Total List = 462,728 (ZIP sorted) 
Price is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 231 17 

703-894-5777 
800-282-5628 

fig. 2. Ionized layers bend radio waves back to earth at distances depending on their 
height. Waves reflected from the ground can re-enter the atmosphere to be returned 
again for multiple-hop DX paths. 

they can disappear in the middle of a 
QSO. In E, QSOs it's wise to trade vital 
information first (QTH, signal strength, 
name, etc.), then chat about other 
things before thesignal drops out. The 
points of reflection seem to move 
rapidly, and thiscreatessomewhat of a 
contest atmosphere for theVHF enthu- 
siast. The game is to see how many sta- 
tions you can work before the cloud dis- 
sipates. 

short path, long path 
Another quirk of the F2 layer is its abil- 

ity to fool us by not taking the shortest 
path between two points. Stations that 
are 6,000 miles apart, for instance, can 
sometimes work each other by pointing 
their antennas in the opposite direction 
for a path length of 18,000 miles. This 
happens because theamount of ioniza- 
tion can sometimes be greater in that 
direction than over the shorter path, or 
the short path may be noisy or have high 
absorption. Follow this procedure: if 
you feel that a path should be open but 
you're not hearing anything in that 
direction, turn yourantennaaround 180 
degrees and try the other way. It often 
works surprisingly well. 

multihop propagation 
It doesn't take a great mathematician 

to figure out that a layer only 170 to250 
miles high can't reflect a radio wave to 
a point on the other side of the globe. In 
order to be line-of-sight at both ends of 

the path, the layer would have to be 
almost as high as the moon. As things 
work out, the radio energy returned to 
earth from the F2 (or other) layer strikes 
the ground and is reflected skyward 
again, to be bent back to reach the 
ground a second time or more (see fig. 
2). Each time it does this, some signal 
strength is lost, but there's usually 
enough left for a solid QSO. 

"Backscatter" isanother interesting 
happening. In this mode, a signal strikes 
the ground at the end of the first hop, 
and enough of it isscattered back in the 
same direction to produce a signal near 
the starting point. On 28 MHz, for exam- 
ple, you might hear a station 100 or so 
miles away when you are both trying to 
workstationsto the west, but if you turn 
your beam in his direction, you don't 
hearthe signal. Backscatter signalsare 
usually not verystrong, but QSOs have 
been made this way. Sometimes this is 
the only way to get nearby contactsfor 
a Worked All States (WAS) certificate. 

the "greyline" 
A mode that many Amateurs are 

learning to appreciate is the "greyline 
DX path." This isa band of good propa- 
gation that follows the twilight zone 
around the world. If you are in the 
twilight area just after sunset, chances 
arevery good that you can work some- 
one who is in a similar zone just before 
sunrise at his location. The opposite is 
also true - as long as both of you are in 
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Therearemany other modesof prop- 
agation that help us make QSOson var- 
ious frequencies and at varying dis- 
tances. Those I've outlined are 
responsible for 99 percent of all DX 
QSOs. Many articles and books have 
been written aboutthe ionosphere and 
its effects on radio propagation, and 
someare fascinating reading. Aserious 
DXerwill learn all he can about this tool 
and use itforgreaterachievements. The 
rest of us can simply listen and learn to 
beatthe rightfrequency atthe righttime 
by developing our own feel for open- 
ings. The column by Garth Stone- 
hocker, KQRYW, in this magazine is a 
great help. Also, you can learn to 
eavesdrop on the sun's activity by tun- 
ing in WWV and using their sunspot 
and solar activity information. 

However you no about it, DXinn is 

I great fun (and often contagious). ~nj&! 

ham radio 
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E snap 

8 choke 
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split fcrritc w re  design 61s up Lo R G l U  coax ublcs. 

Get POWER l o  your antenna' Our Baluns are 
already woundand ready lor tnslallallon In your 

WORKS IN 'COMMON MODE'. fillers curreal in- 
duccd in Illc braid o f  shicldcd w b l u  and ground h l  
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S p h l  M u  aucrld mKdw 03 - 200 M H z  

theanlenna. They aredes~gned for 3-30 MHZOP. DOES N(XTVOlD EQUIPMENT WARRANIY 
eralvon (See ARRL Handbook pages 19-9 or AvDilohlc 
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,00W*1,.:1.a1..,.01,-1-I.-UI.OOI*l 
u n n r r ~ ~ r r n - d  I wt.8 l m w r n w  

computeradio 
Box 2112, Pine Brook, NJ 07058 $12.99 
Tel: (201) 227-0712 
Smd pcrrrnd check I& ado. w ship sarnc day Fin1 
Class. 36dm money bock m w .  Quamliry disrrvmls. 
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NO RADIALS! 
NO RESISTORS! 

NO COMPROMISE! 
THREE EXCELLENT REVIEWSJUST 

DON'T HAPPEN BY CHANCE. 
CALL US FOR A FREE CATALOGUE. 

'See r c ~ l ~ w  In Oct 71. 1YR4 
'Sept 7J 1985 'March 73 1986 

NEW LOCATION! 
Bl lAL COMPANY 

@ 137 Manchester Dr. 
Florissant, Colo. 80816 

(719) 687-0650 



COMPUTER PROGRAMS 
b y  John Devo lde re .  ON4UN,  tor 
Apple Ilelc. MS-DOS, C o m m o d o r e  
C-128  Apple M a c i n t o s h  and K a y p r o  
C P M  C o m p u t e r s  
Here's a collection of 30 super programs 
wrltten by ON4UN Just about every Interest 
or need IS covered-from antenna deslgn 

I and opt~mizat~on to general operating p;o- 
grams. Antenna programs ~nclude. shunt 
and series ~nout  L network des~on, feedline 
transformer, shunt network design. SWR 
calculat~on, plus 1 1 morel General Ham pro- 
grams ~nclude sunr~selsunset great clrcle 
distances, grayl~ne, ven~cal antenna des~gn 
program, sunrise calendar plus 9 morel 
Phew When you sl l  down to use these pro- 
grams you II be amazed at what you have 
The best value In computer software avail- 
able today 1986 

UN-Apple l lel l lc 539.95 en. 
LUN-MS IMS-DOSI 539.95 en. 

R-7000 Widespan Panodaptor 

Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
spon width from 1 to 10 M h z .  

Uncover unknown elusive signals. 
Complete with all cobles, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
71 7-386-4032 

+ 
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~ o ~ ~ e ~ ~ o a m n . n v r n  Covrrrng ' 44  
lnrv 1296MH1 lnmrlelrrolVHF 
U~rgore!d,w#dcrrsreo!em#er R F  
orv,ce5oealpns~lolalonQreNice 
lblp wlln IOI SWR and oraal W. 
errllnQbsnlrla!" 

Ealluded slumsnvm bOOY w l h  8 

du.ablee.BmeIlln.lnInaddlllonlo 
IltlLon 6 e e t l n ~  at connecfor llanoer 
resut<5 ,n a ruaaed,zsd "nlt lor ali 
l r r a "  ,nr,slinl,un9 I\rallablr W l l "  I O U N - C P M / K ~ ~ ~ ~ ~ '  ~39 .95  ea. I 1 N ly"P COnnecl0,li  Only lners 
un l~s  are vnCondlllonally ausqan. 

flUN-C-128 (COMMODOREl S39.95 ea. lord 10, 7 rasrr I 
LOW BAND DX'ING 
by John Devoldere ON4UN 
Now Ava~lable' The new. 2nd e d ~ t ~ o n  of the 
deflnltlve book on Low Band DX Ing Based 
upon years of practical on-the-alr 
experience, learn the secrets of how 
ON4UN has been so successful on the low 
bands Extenstve coverage IS glven to trans- 
mat and recetve antennas wlth clear conclse 
explanattons and plenty of Illustrations- 
dlpoles. tnverted V s, slopers, phased arrays 
and Beverages-they're all In t h ~ s  book 
Also covered propagallon, transmitters. 
receivers. operattng software and an exlen- 
slve Low Band b~bl~ography Golng to be a 
best seller! Get yours today 1987 2nd 
Ed~tlon 200 pages 

AR-UN Sonbound 59.95 

BW'EM BOTH 
SPECIAL OFFER 

Book & Software Reg. $49.90 
($59 .90  for Mac) 

Just $44.90 ($54.90 for Mac) 
OUN-SO ( s p e c i f y  computer) $44.90 
OUN-IS0 Macintosh Speclal $54.90 

SAVE $5 
Please enclose $3 50 s h ~ p p ~ n g  & handltng I 

\ham radio BOOKSTORE) 
OREENVILLE. NH 03048 603-878.1441 

MODEL 
144-2P 
144.4P 
220.2P 
220.48 
430.2P 
430.4P 
902-2P 
902.4P 

1298.2P 
1298-4P 

PRICE 
$54 00 
$61 00 
$53 00 
$60 00 
$ 5 ,  00 
$59 00 
$51 00 
$59 00 
$52 00 
$60 00 

STRIDSBERG ENGINEERING. CO. 
PO 80% 7973. Shre~epo~I.LA71107. US4 

Phone 13181 885-0523 

v 123 

Generate 
Your Own 

Electricity 

H undreds 01 
sa~~st~ed owners 

are now USIT the WlNDSlREAMe WIND 
GENERATOR to prwlae pwer lor RVs weekend 
conages boats wmkshops remae loca~~ms emer 
gency back up power aM much m e  
Ponable we~ghs only 20 Ibs -easily ~nstalka wwlth w r  
comprehensm ~mmltat~m manual-m~ntmum mam~en 
axe-full warranty 

wx -ion w lZ4 

P.O. Box 3128, Burl~ngton, VT 05401.3128 

C A L L  F O R  O R D E R S  
1 (800)  231 -3057  
1 -71  3-520-7300 O R  1-713-520-0550 
T E X A S  O R D E R S  CALL C O L L E C T  
FAX 1-71 3 -771 -7759  
ALL I T E M S  A R E  G U A R A N T E E D  OR 
S A L E S  PRICE R E F U N D E D  
NPW lco,i> I(, i d '  Trades wanlea 
K e n w ~ d  TH?ISA TH25AT Trade ~n your old HT 
NPW K ~ I I W W ~  TM 621A 1441220 MHI FM Call 

KB~W<,I. : ' l i  , ' ,r trade 

~ e ~ k . . , . : , .  I;I,I... ' .  .! :, . I . .  Call 
ICOM .'HI I i : U 41000 

.. 
Shure 4 4 2 0  56 95 
HEIL RMlO BoornMlhc wlr~dHp8n b9 00 
HElL HM!,Dt.sk Mlkc 53 00 
Cushclall 124 WB (146MHr) 33 00 
5!1ltern~nl HI-fiV RO 10v~rl~cnl 17500 

Larscn 2 meler on glass 49 95 
Anleco 2M 518. Mag Mount Cnmp 75 00 
Van Gordon GSRV 44 00 
Valor A05 mobile 79 00 
Thousands ol panel mews 3 95 upCALL 
Aerovox 1000 pliM0V l~edlhrough COPS 195 
Trar!slormer 120 V PIN 1050V(IA (Sec #I8 Wve) 50 00 
I00 mldl450V Axla1 Cap 2 20 
831SP PL259 S~lverplate (Amphenol) 125 
82-61 N Male(Ampheno1) 300 
Double Female UHF 100 
UG176 RGBX each 30 
GE 61468 14 95 
3.5CQZ 140 00 
GE 12BY7A 7 00 
6MJ6 1295 
6KD6 12 95 
Celron 5728 88 00 
6J56A 9 95 
8950 1800 
USE0 EOUIPMENT 
All nqulpmenl u"d Clean wllh 90 day warranly and 30 
day lrfal Six monlhs lull trade agalnsl new equlpmenl Sale 
price relunded 11 no1 salislled 

Call for latest used gear 
I8001 231 3057 

GNU PROD 
TE Syslems 2m Amp 30 160 wans GaAslel $229 M) 

POLICIES 
Mtn~mun, order 510 a) Mastercard. VISA,aC 0 0 Allprlces 
FDBHouslon exceplasMIed PriCessublecltochangewnhwl 
nolice l lems~bpl lopr~or~ale Callanytimtochecklheslalus 
01 your order Texas resdents add sales lax All ttems lull lac 
tory warranly 01"s Madison warranty 
Bird and Belden products In stock. Call today. 
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Garth Stonehocker. KORYW 

summer signal levels 
With the summer sunshine and 
warmer weather comes the annual 
decrease in signals levels. 

Signal strength is lost as its energy 
travels away from the transmitter. The 
largest loss is called free space loss, 
and it decreases all signals with dis- 
tance. The amount of additional loss 
depends on the transmission mode 
and signal origin conditions. Examples 
of modes are: groundwave, line of 
sight, and skywave. Two originating 
conditions are launch angle and polar- 
ization of the launch from the antenna. 
For hf skywave propagation the losses 
of the ionospheric transit, its reflection, 
and the ground reflection in between 
hops must be included. 

Most ionospheric loss comes from 
signal energy colliding with ions on its 
path through the D region, 60-80 miles 
(100-120 km) above the earth. The 
level of energy absorbed per transit of 
the D region depends on the location 
of the sun and is a function of cosine 
X, the zenith angle to the sun. Maxi- 
mum absorption occurs at the subso- 
tar point, directly under the sun; 
absorption decreases as the signal 
path moves away from the subsolar 
point in any direction. It is the next lar- 
gest signal loss - 10 to 30 dB between 
night and day on midlatitude one-hop 
paths. Seasonal absorption in the D 
region increases as the sun's subsolar 
point moves to 23 degrees north for 
the United States' summer. This 
seasonal loss can amount to 18 dB 
more in summer than winter for mid- 
latitude single hops. Absorption in the 
D region changes about 8 dB for a 
one-hop midlatitude path between 
sunspot numbers 20 and 120 during 
the 11-year sunspot cycle. It is rising 
fast this year. 

The statistics above are given for the 

one-hop path as it is the easiest in 
which to see changes. When the sig- 
nal travels three or more hops, the 
changes get blurred between them. 
There is more absorption with a larger 
number of hops, but the effect of 
absorption per hop is not linearly addi- 
tive. Multiple hops cross into the night 
for the winter hemisphere, blurring 
additional losses. Ground reflections 
between hops are also lossy; loss 
varies with ground roughness and con- 
ductivity. On the average this loss is 
around 5 dB. All together, the losses 
amount to 120 dB of signal loss of 
transmitted power when received on 
summer days. Absorption is inversely 
proportional to frequency. However, 
this frequency dependency is hard to 
assess because as the frequency 
changes so does the extent of layer 
penetration. As a rough estimate, 10- 
MHz signals tend to incur twice as 
much signal absorption as 20-MHz sig- 
nals. 

What can DXers do to enhance their 
effectiveness during summertime 
operations? Review the chart on the 
next page for the highest band availa- 
ble to the DX area you wish to con- 
tact. Operate during the evening, tak- 
ing advantage of its lower absorption, 
but before the maximum usable fre- 
quency drops off. Make sure your 
antenna radiates substantial energy at 
that low TOA for the best chance of 
contacting the desired DX station. 
Keep up on current conditions (in 
terms of signal absorption and varia- 
bility, QSB) by listening to radio sta- 
tion WWV on 5,10, and 15 MHz at 18 
minutes after the hour. If the solar flux 
has just increasd, absorption will be 
above normal. Absorption and fading 
conditions (QSB) are associated with 
an A figure of greater than 15 or a K 
figure greater than 4. 

last-minute forecast 
Higher frequency DX bands will 

have the most and longest long-skip 
openings in the first week or so of 
August (because of expected higher 
solar flux) and again the last week. 
Short-skip sporadic E openings will 
also be available, but spread out 

through the month and emphasizing 
different times of day between the 
higher and lower bands. The lower 
bands should be best the third week 
due to the expected lower solar flux; 
lower absorption during the day 
affects daytime short skip and creates 
better nighttime signals toward sunrise 
and sunset. Expect some disturbances 
1 to 2 days long, 1 to 2 days after solar 
flares are announced over WWV. 
These disturbances will be more likely 
July 29th-August Ist, August 4-6th, 
and 24-27th. The VHFIUHF enthusiast 
will note that the moon's perigee and 
the full moon appears on the 27th. The 
Perseids meteor shower will occur 
from the 10th to the 14th, with a max- 
imum rate of better than 50 meteors 
per hour expected on the 11th and 
12th. This is an excellent shower to 
work with for meteor burst. 

band-by-band summary 
Six-meter paths will open for a half 

hour to a couple of hours some days 
around local noon. Sporadic E propa- 
gation will make this short-skip path 
possible out to nearly 1200 miles (2000 
km) per hop. 

Ten and 15 meters will have a few 
short-skip E, openings and some long- 
skip openings to southern areas of the 
world during daylight. Some transe- 
quatorial (TE) openings associated 
with mildly disturbed geomagnetic- 
ionospheric conditions may occur in 
the evening hours toward the end of 
the month. 

Twenty and 30 meters will support 
DX propagation from most areas of 
the world during daylight and into the 
evening, with a lengthened skip out to 
2000 miles (3000 km) per hop. The 
amount of daylight is still near the 
maximum, providing many hours of 
good DXing. 

Thirty, 40, 80, and 160 meters are 
the night DXer's bands. On many 
nights 30 or 40 meters will be the only 
usable bands because of thunderstorm 
QRN, but signal strengths via Es short 
skip may overcome the static, when 
E, is available. Try the predawn hours 
for less QRN. 
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BACK TO BASICS.. . 
But far more advanced.. . 

\ 
Model AR501 Telegraph Terminal 

$229.00 
(Cal~fomia res add $13 74 tax ) 

\ Visa and Mastercard orders 
,> are welcomed. Price includes 

L shipping & handling. Purchase 
orders accepted from 

L Government agencies 

7 

AR-501 covered by One Year Limited 
Warrantv. Extended warranty service 

AR501 is a compact triple mode CW terminal in a small package (4.5" x 
6 .25"~  2.25") but a powerful gear to practice and play with. As a CW 
decoder, it detects morse code between 5 to 30 WPM. For practice?, it 
activates and displays the code. More?, it operates as an electronic keyer 
both standard and iambic. More yet?, How about a print-out function? The 
AR501 does just that. We offer a stand alone thermal printer as an option. 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter . Erpandat~l~~ I , ,  I? 1.1, $m,nr,[ 1)" ,Ih~,l A~ l~ l~ r t~ t  <.drds . C,ml~n~!oui Vr8llnn 
L l f l  Ind,mlor< nl CUR and Voted Slqnals 
fl!ralI I" Crl8hralor 
RPIIIOIE Vol~d Indlcrlolr Pitnned Out . 4 '  : x 6flnuhle Sid~d Gold PlatPO 14 Pln Caad 
R~rnnte n6rabl~ lnpt,lt 
MDRI 

Bu~lt ,  tested and calibrated with manual 
$350.00 

Telephone ~nterlace now avallablc 
For more lnlormarion call or wllle 

DOUG H A U  ELECTRONICS 
Voter Department 

815 E. Hudson Street 
Columbus. Ohio 43211 

(614) 261-8871 - 

EASY TO READ 
SOFTWARE 

a u A ~ - s R E D c H A n A ~  
FAST, REAL-TIME DISPIAV 

KQmEw~mrd~yovomPtDvmlu  
in kge dao dmclar. u r w  11. c u .  M.M) 

WMWORRA M-flmdiOn tpcdmaar 
rotdpoeraa rimdoclblcrmpmt 

V q  emy to u tam* 11. w.n: c u .  a.ra 

uoml NlmoaLbamtgc 
clmcierteXiId*abrc~umanp~ 
-1. II tlm). - w.0 I CU. m.m) 

SPECIAL INTRODUCTORY PRICE 
-96 EACH a TWO fw LSD96 

KlDSVlEW SOFIWARE hr. P.O.Box SB-H 
W m a .  NH 03278. USA ( 6 1 ) 3 ) 9 2 7 ~  

A . P R N l E W E D i n i h . M A Y 1 ~ ~  

1988 CALL DIRECTORY 
3 

Ion mtcrol8chel 

Call D ~ r e c l o r y  $8 
N a m e  Index  58 
Geographic lndex  $8 

All lhree - 520 Shlppnng per order $3 

BUCKMASTER PUBLI'SHING 
Mtnaral.Vlrglnla 23117 

703-894.5777 

\ 800-282-5628 J 



The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours. 

'Look at next higher band for possible openings. 
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Ham Radio's guide to help you find your loca/ / 
California 

A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(81 8) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

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 prices you can afford. 

Delaware 
AMATEUR 81 ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-191 7 
Hours M-F 9-5:30, Sat. 9-3 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861-5610 
ICOM, Yaesu, Kenwood, Bird ... 
SAM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Idaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
P.O. BOX 234 
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 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 930-5:30 Mon, Tu, Wed & Fri; 

Maryland 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301 -725-1 21 2 
Kenwood, Ten-Tec, Kantronics. Full 
service dealer. 
M-F 10-7 SAT 9-5 

Massachusetts 

T EL-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. 

Missouri 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 

~issour i :  (81 6) 741-81 18 
ICOM. Kenwood. Yaesu 
Gme'day service, low prices. 

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 
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I One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

YOU SHOULD BE HERE TOO! Dealers: c ontact Harn Radio 1 . 2 0 ~  for complete details. 

9:30-8:00 Thurs; 9:OO-300 Sat. 

Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
(800) 523-7731 
(81 2) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain, AEA & others. 

New Hampshire 

RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunlHolidays 



lmateur Radio Dealer 
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Folded Broadbaoder~r- ad u Dipoh. d: S l o w  
unique bided design lhmtmr- * ~ ~ & ~ $ ~  
and cratcl bmd reronlnca 
in two bands. Leg n 7Ufm A *Never Cmoda 

FB 160/80 and 35' for *Fully Inrulrtcd 

FB 80w. lnfopdr $1 d e d y  to Use 
by inch mail. ~ H ~ I I S I O ~ ~ ~  Dlpole *FutMount 

.FB 8 0 W  $59.95 $79.95 c ~ o ~ ~  
FB 160180 $69.95 $99.95 , 

~ ~ D + C W O ~ S S B &  M ~ S P & H  Antennas West 
\ mp ~.h. Ur 64603-1144 (801) 373-8425 

v' 112 

Think you 've seen it all? 

Send check or money order to: 
(US F u n d s  only. Incl. $2 S/H) 

MORLAN SOFTWARE, 0 P.O. ,2400 3 
EAST LIVERPOOL, OH 43920-0400 

THANK DAYTON 

v' 111 

Foreign Subscription Agents 
for Ham Radio Magazine 

 am  adl lo ~usfrsa 
Karln Usber 

Canada 

Postta~h 2454 Send Ham Radlo orders Magmne to 
0-7850 Loerrach Greenvllle, NH 03048 USA 
West Germany Prlces ~n Canadtan funds 

1 yr $41 85, 2 yrs $74 25 
3 yrs $99 90 

Ham Radlo Belglum 
Sntreoho~se Ham Radbo Italy 
Brussels0steenweg 416 Vta Manlago 15 
8.9218 Gent 1-20134 Mllano 
Belgaum IISIY 

Ham Radm Holland Kal~uml Eleclronlc co . L I ~  
Ham RadlO Japan 

Postbur 413 27-5 Ikegaml 

NL-7806 A, Emmen 4 Choms. Ota-Ku 

Holland Tokyo 146. Japan 
Telephone (03) 753-2405 

Ham Radlo Europe 
Ham Radlo Switzerland 

BOX 2084 Karln Uebsr 

S-194 02 Upplands Varby ~ $ ? ~ : " ~ ~ ~ $ ~ c h  
Sweden West Germany 

Ham R B ~ O  Francs Ham Radlo England 
SM Eleorono C/O R S G B 
20 bls. AYB des Clarions Lambda House 
F-89MK) Auxerre Cranborne Road 
France Potters Bar 

Hens EN6 U W  
England 

Karln Usber Holland %dl0 
Ham Radlo Germany 

Posnach 2454 143 Greenway 
0-7850 Laerracn Greenode. Johannesburg 
West Germany Republtc 01 Soulh Alma 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST, NJ 07071 
201 -939-001 5 
Don WB2GPU 
ARRL, Astatic, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen, RF 
Concepts, Tonnaand much, much more! 
Tues-Fri 10 am-7:30 pm 
Thurs 10 am-9:00 pm 
Sat 10 am-4:oo pm 
VlSAlMC 

KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Sewice 
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 lCOM 
"The World System." Western New 
York's finest Amateur dealer. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH 44092(Cleveland Area) 
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 
Man-Sat 1 0AM-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, Icom, 
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 5-357-1 400 
Same Location for over 30 Years 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 

K COMM dba THE HAM STORE 

5707A MOBUD 
SAN ANTONIO, TX 78238 
512-680-61 10 
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 

MISSION COMMUNICATIONS 
11903 ALEIF CLODlNE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON, TEXAS 77082 
(71 3) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

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 



(continued from page 9) 

cient associated with a teenager ask- 
ing his parents to finance a new trans- 
ceiver! 

A comprehensive market survey 
would reveal that not all hams are 
affluent enough to afford such luxuries 
as $6,000 transceivers. The active- 
Amateur statistics clearly indicate that 
a large portion of the fraternity consists 
of retirees who must exist on fixed 
incomes. A properly equipped, mod- 
ern Amateur station is frequently 
beyond their means. Although I am 
semi-retired, and am not by any means 
destitute, I rebel against the cost of the 
new Amateur equipment. I have 
countless associates who share this 
sentiment. This represents an untap- 
ped market. An astute manufacturer 
would recognize this vast potential. 

What has been needed in the United 
States for a long time is a no-frills 
transceiver. It should have a quality 
design for CW and SSB operation. A 
maximum output power of 100 watts 
is adequate. It would not contain a 
speech processor, i-f shift or width cir- 
cuit, nor would it need to have com- 
puter interface capability. A noise 
blanker is by no means a necessity, 
since most blankers are ineffective for 
the more common types of QRN, and 
they degrade the receiver dynamic 
range when activated. I also question 
whether or not a basic rig needs mem- 
ory channels and two internal VFOs. 
Getting rid of the frills can bring the 
price of a good transceiver within the 
reach of those who can't, or don't, 
wish to invest several thousands of 
dollars in a hobby they use one or two 
days a week. 

Joe nibbled at the edges of the 
problem in his HR editorial. I admire his 
tact and understand his limitations. 
But, someone needs to take the initia- 
tive toward encouraging the United 
States and foreign manufacturers to 
develop a practical transceiver that can 
serve our basic operating needs - 
especially those of the Novice and 
other new Amateurs. If a fancier rig is 
desired later on, rest assured they will 
buy it. But for now we need to get 
them started with the minimum of eco- 

2x42 BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN 
DUAL BAND 
BASEIREPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 
146.500 MHz 
446.500 MHz 

GAIN: 
VHF - 8.2dB 
UHF - 1 1.5dB 

nomic stress. What ever happened to 
the concept of high volumne and 
reduced per-unit-profit (shades of 
Henry Ford)? Small volume and high 
markup is not in the best interests of 
Amateur Radio. 

Doug DeMaw, W1FB. Luther, 
Michigan 49656 

VSWR - 1 .-1.2 or less 

CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE 

generation gap in 
Amateur Radio 
Dear HR: 

Your editorial in the June issue 
reminded me of a similar request by 
Rich Rosen, regarding how to make 
Amateur Radio more accomodating 
and attractive. I remember some of the 
replies, both appropriate and absurd. 
At that time, the respondents felt that 
I) it was up to the FCC to make it eas- 
ier to obtain licenses, 2) the equipment 
manufacturers were not supplying 
sophisticated or inexpensive enough 
gear, 3) the technical challenges for 
Amateur Radio were diminishing, 4) 
there was an insufficient number of 
contests and prizes. The list went on. 

I believe that Amateur Radio is 
experiencing the same phenomena 
that affects the entire country: a 
generation gap. Yes, I know that term 
is outdated but the application is here. 
The country has two (or more) gener- 
ations of "wanna-bes" and "gimmes". 
Working couples spend more and 
more time away from home to provide 
more and more for their families. Their 
offspring are accustomed to essentially 
getting everything that they want. 

Amateur Radio has and always will 
provide the kinds of challenges that 
people desire. I can't really fault any- 
one or anything for the decreasing 
number of ham operators. Society is 
changing rapidly. Societal expecta- 
tions are changing just as quickly. Ham 
radio presents a kind of stable environ- 
ment. I believe we are all caught up in 
changes, whether or not we like it or 
know it. 
I would appreciate your printing this 
letter, and I encourage responses from 
the readers. 

Larry Caracciolo, N3CCW 

A 
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AMATEUR SPECIAL 

1275 NORTH GROVE ST. 
ANAHEIM, CALIF. 92806 
(714) 630-4541 
CABLE: NATCOLGLZ 
FAX (714) 630-7024 
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IAMBIC KEYER Low cost, low.current-drain. Designed by Paul 
Newland. AD71. Features dot and dash memory, side tone genet- COMING EVENTS 
ator and key circuit current amplifier. Although the sidetone 
generator and keyer amplifier were touted as options in the arti- 
cle, the kit includes both of these functions. For Kit. order # 
151-KIT $19.95. For Assembled board order X151-ASY $29.95. 
Add $2.50 shipping per order. Calif. residents add Vsales tax. 
Visa b MIC accepted. A&A ENGINEERING, 2521 W. LaPalma 
XK, Anaheim, CA 92801 1714) 952-2114. For circuit details. see 
June 88 OST. - 
HARK-RADIO ARCHIVES Non-profit, low income newsletter 
for youthlelderly. $1 each. $6 bimonthly. W08 Garfield #W 
Mpls, MN 55405. 

Activities - "Places to go . . ." 

RATES Noncommercial ads 10Q per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one f r e e  Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of h a m f e s t  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 f u l l  name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each a d v e r t i s e r  and thus cannot be 
held responsible f o r  claims made. Liability for 
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. 

BE GREATLY APPRECIATED BY OUR BROTHERISISTER 

VIRGINIA: August 7. The 38th annual Winchester Hamfest. 
sponsored by the Shenandoah Valley ARC, Clarke County Ruri- 
tan Fairgrounds, Rt 7. 2 miles west of Berryville. 7 AM-3 PM. 
Admission $4. Children under 12 and wives free. Tailgaters and 
tables $5. License exams. Talk in on 146.221.82 and .52. For 
information Joanne Blaker. WB2CMV 1703) 8694878 or wrrte 
SVARC, POB 139. Winchester, VA 22601. 

DIGITAL AUTOMATIC DISPLAYS. All Radios. GRAND SYS- 
TEMS, POB 2171, Blaine. Washington 98230. 

CHASSIS 6 CABINTS KITS. SASE. K3IWK. 5120 Harmony 
Grove Ad. Dover. PA 17315. - 
COMMODORUAMIGA CUSTOM CHIPS verv inexoensive. -- 

PENNSYLVANIA: August 7. The 5191 Hamfest of the South 
Hills Brass Pounders and Modulators ARC of Pisburgh, south 
campus of Community College of Allegheny County. West 
Mifflln. Outdoor/indoor flea market, forums Talk ln on 
146.13173 and 146.52. For information Doug Wilson. WA3ZNP. 

- - . . . . . . - - - . . - . . . . -. . . - - - . . . - 
leq. PLAt82S100-$13.251. Diagnostics and other harh to get 
items. New Heavy Duty Power Supply for the C64-$27 95 plus 
UPS Send for complete catalog. KASARA. INC. 36 Murray Hill 
Dr~ve. Sprlng Valley. NY 10977 1-800-642-7634. 1-800-248-2983 
(outside NYi or 914-356-3131 

185 Orchard Avenue. Emsworth, PA 1 m 2 .  
WANTED military surplus radio equipment, we need. ARC-164, 
ARC-114. ARCi-115, ARC-159. ARC-186. ARN-118. RTj-1159A. 
Collins 718U-5, 719A. top dollar paid or trade for new Amateur 
gear. Write or phone Bill Slep 1704) 524-7519. SLEP ELEC- 
TRONICS COMPANY. Highway 441. Otto, NC 28763. 

NEW VORK: August M. 7th annual Finger Lakes Hamfest. 
Sponsored by the Tompkins County ARC. New Location-4-H 
Acres of Rt 13 NE of Ithaca. Donation $3. Flea market space 
$1. Wheelchair accessible. Free overnight camping. Talk in on 
37/97 or 52. For information contact the Kings, NZGFW or 
N2GFX. Box 227, Etna. NY 13062. 16071 347413. HAMS-HELP. Hand~capped Ham needs worktng HF rag w~th  10 

meters, reasonably prced. Please help Clem, KA30UE Call any 
tame 14121 531 7443 EST. INDIANA: August 7. The Porter County ARC'S annual Nonh- 

west Indiana Hamfest b Computer Fair, Porter County Fa~r- 
grounds B Expo Center. Rt 49. east of Valparaiso. 7 AM. 6 AM 
vendors. General admission $3.50. under 12 free. Walk-in license 
exams 8 -10 AM all classes. Talk in on 146.7751175 or 146.52. 
For information Jamie Veiner, NSSA, POB 1782. Valparaiso. IN 
483&1. 

CLOSED CIRCUIT TELEVISION EQUIPMENT. Discount pric- 
ing on cameras, monitors, sequential switches, pan tilt units. 
etc. Expert design assistance available. Dan Marshall, DETEC- 
TION DYNAMICS, 4700 Loyola Lane. X119. Austin. Texas 
78723. 15121 345-8401. 

INDIANA: August 7. Angola Hamfest and FM Picnic. Steuben 
County 4-H Park on Crooked Lake. Gates open 7 AM. 
lndoorloutdoor spaces. Talk in on 147.21. For information 
Steuben County Radio Amateurs, POB 252, Angola, IN 46703. 

MINNESOTA. August 14. The St. Cloud ARC'S Hamfest. Whit- 
ney Senior Center in St. Cloud. Ticket donation $3.00. Extra 
ticket $2.00. Talk in on 34194 primary, 615015 sec. Contact: 
SCARC, Box 141. St. Cloud, MN 56302. 

WANTED: Operating andlor Maintenance Manual for the Gon- 
set Model G-668 receiver. WE6N. 644 11th Avenue, Coos Bay, 
OR 97420-4405. 

AN-PRC-64 military radii wanted Will pay top dollar for a unlt 
in very good condlt~on KCIU.  Tim Mclnerney. 316 West 75th 
Street. New York. NY 10023 12121 874.3333. 

HAM RADIO FREEBIE. On a space available basis. we are going 
to offer you, our subscriber, a chance to sell your old, used 

- 
HRa 1970-79, plus 6 early issues, $170 plus shipping. Ned. 
WlRAN (203) 447-1256 after 5 PM. equipment. Please send us a short description of what you want 

to sell along with price, name, address and phone number. We 
will run it once in the next available issue of HR. Please limit 
your ad to 20 words or less. 

NEVADA: August 20. The comblned radio clubs of Reno are 
sponsoring Reno Hamfest '88. California Building, ldlemld Park. 
9 AM to 5 PM. Admission $3. Swap tables $7. Licensa exams. 
Ham swap, refreshments. Talk in on 146.61 and 147.30+. For 

SELL: Drake TR-3 HF Xcvr, AC-4 Pwr supply, mic, spkr, swr. 
Mint condition W h  manuals. $250. Will ship. Rob. K W H ,  even- 
ings (616) 327-2142. 

WANT COLLINS KWM 2lA and accessories. Also looking for 
other Collins gear. Call after 4 PM EDST (201) 728-7938. 

information, registration and VE exam SASE to Curley Silva, 
K7HRW. 3780 Humminabird Drive. Reno. NV 89506. SALE COLLINS. 758.38, 325-3 rec, trans P/S $700. 30s-1. 

linear, $1500 mint. 2-1001PC. 768k $600. Swan 350 PIS $250. 
Rich (516) 957-6308 niahts. 

- 
TENNESSEE: Auoust 28. The Lebanon Hamfest soonsored bv 

WANTED. Smith Chart transmission line calculator made and 
sold bv Ham Radio. W L N .  1328 East Main. Eaton. OH45320. 

th i  ~ h o r + ~ i t # n t a Y i  ~ G e a t e r  club Cedars of ~ebanon state CALL SIGN BADGES: Custom license plate holders. Personal, 
distinctive. Club dkcwnts. SASE. WB3GND. Box 750. Clinton. 
MD 20735. (301) 246-7302. 

. . - . . - . . . . - . -. 
Park. US 231. 7 mlles &thbf i i b i n & ~ ~ l d & r s  only. Bring 
own tables. Talk in on 146.31-146.91. For information MaryAlice 
Fanning, KA4GSB. 4%36 Danby Drive. Nashville. TN 37211. 

- ~ 

MACINTOSH SATELLITE Tracking and Propagation Software. 
MacTrak'" displays graphic maps (rectangular, polar, great cir- 
cle) views from space schedules windows. Also tracks Sun 
and' Moon. ~ o m ~ a t i b l k  with KLMIMIRAGE rotor interface. 
Shows gray line, sunriselsunset, bearingldistrnac,e mUF vs 
time. areas of world "open". SASE for info or 849.95 from R. 
Stegemeyer, PO Box 1593. Port Orchard. WA 98386. - 
TEKTRONIX 547 O s c i l ~ p e ,  50 MHz-BP 9135, Tek-1Al $60, 
Tek-1Aa $120. Tek-1L30 Specbum A n a W ,  0.910.5 GHz 93M. 
Hewlett-Packard 606A Signal Generator. 0.0566 MHz. S100k. 
HP8708A Synchronizer $150, HP-33WA Function Generator 
$95, HP-686C Sweep Generator, 8-12 GHz $95, H P - 9 S A  Cas- 
sette Memory $95. Lambda LB-701-FMOV Variable Regulated 
Power Supply, 300 amps, new $295. A. Emerald, 8956 Swal- 
low, Fountain Valley. CA 92708. (714) 982-5940. 

HALL ELECTRONICS buys radii broadcast equipment for 
cashl Jon Hall, WB4MMV. PO Box 7732, Charlonesville. VA 
22906.18041 973g891. 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James Long, 
Ph.D., N6YB (4081 7Z3-8329. - 
RTTY JOURNAL-Now in our 36th year. Read about RTTY, 
AMTOR PACKET MSO'S RTTY CONTESTING RmY DX 
and much more. ~&<ssu&ri~tion to RTlY JOURNAL $10.00. 
foreign slightly higher. Order from: RlTY JOURNAL. 9085 La 
Casita Ave., Fountain Valley, CA 92708. 

MISSOURI: August 28. The St. Charles ARC will sponsor Ham- 
fest 88, Blanchene Park, St. Charles. 6 : 3  AM-230 PM. Free 
admiasion and parking. License exams. Handicapped parking. 
Tailgating $2lspace. Talk in on 146.07161 rep and 146.52. Con- 
tact Eric Koch. NFOQ. 2805 Westminister. St. Charles, MO 
63301. 13141 946-0408. 

IMRA International Miasion Radio Association helps mission- 
aries. Equipment loaned. Weekday net, 14.280 MHz. 1-3 PM 
Eastern. Nine hundred Amateurs in 40 countries. Rev. Thomas 
Sable, S.J., University of Scranton, Scranton, PA 18510. - 
MARCO: Medical Amateur Radio Council, Ltd, operates daily 
and Sunday nets. MedicaHy oimnted Amateurs (physicians, den- 
tists, Mterinarians. nurses, phyaiotherapbts, lab technicians, etc) 
invited to join. Presently own 550 members. For information write 
MARCO. Box 73's. Acme, PA 15610. -- 

CUSTOM EMBROIDERED EMBLEMS, b E n a M  P I ~ ,  your 
design, excellent quality, lowprices, free booklet. A.T PATCH 
CO. Box 682 Dspt 19. Liileton. NH 03561 (6031 444.3423). 

OPERATING EVENTS RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO to 
G.L. Pierce, el Bitlcdale Way, San Diego. CA 92117. SASE 
brings informat~on. 

-. "Things to do . . ." 
BMPC Rl lYlCW. New CompRtty II is the complete RTlYICW 
program for IBM-PC's and compatibles. Now with larger buffers. 
better support f w  packet units, pictures, much more. Vinually 
any speed ASCII, BAUDOT, CW. Text entry via built-in screen 
editor1 Adjustable split screen display. Instant modelspeed 
change. Hardcopy, d i i w p y ,  break-in buffer, select calling, t e n  
file transfer, customizabb full screen logging. 24 programma- 
Me 1000 character messages. Ideal for MARS and traffic han- 
dling. Requires258k PC or AT compatible, aerial port. RS-232C 
TU. $65. Send call letters (including MARS) with order. David 
A. Rice. KCZHO, 25 Vdlage V w  Bluff, Balston Lake, NY 12019. 

-- 

ELECTRON TUBES: Receivmg, transmming, microwave .. all 
types available Large stock. Next day delivery, most cases 
DAILY ELECTRONICS. PO Box 5029. Compton. CA 90224. (2131 
774-1256. - -. 
DIGITAL AUTOMATIC DISPLAYS. All Radios GRAND SYS. 
TEMS. POB 2171. Blaine. Wsshington 98230. 

L l n k t o n  Colorado: August 21. The Arapahoa Radio Club's 
annual "Fbuneener"s expedition operating from 14,000-ft moun- 
tain peaks in the Colorado Rockies. Listen for CO 14. For cer- 
tificate send OSL and I al SASE to KSAY, 7277 S. Clermont 
Drive, Liileton. CO 80%. 

HAM RADlO TODAY has joined the pr ramming lineup from 
the Voice of the Andes. H U B  Radii, % international broad- 
casting station that has been operating from Quito, Ecuador 
since 1931. Programming includes news h m  all over the w ~ d d ,  
construction hints propagation news, equipment reviews and 
much more. For &ore information contan John E .  Bsck, Prc. 
ducw, HAM RADIO TODAY, c/o H U B  Radio, Box 691, Quito, 
Ecuador. SA. 

CUSTOM MADE EUBpDERED PATCHES: Any size, shape. 
colors. Five patch mmlmum. Free sample, prlcea and orderlng 
mnformatbn. HElN SPECIALTIES. Inc.. D m  31,4202 N. Drake. 

HAMLOG COMPUTER PROGRAMS. Full features. 17 mod- 
ules. auto-logs. 7-band WASIDXCC. Apple $19.95, IBM or 
CPIM, KAYPRO, Tandy, Ct28 $24.95. HR-KAIAWH. POB 
2015, Peabody, MA 01980. 

Chicago. IL 60618. - 
RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806. 
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Uncle Bill's 
Commodore C-64 
Computer Software 
by Bill Clarke WA4BLC 

CODE COURSE 
Th~s computer program is broken Into 
three user lr~endly parls Part one In- 
lroduces to the heglnner the dtlterenl 
rnorse characters The studenl slmply 
presses a key and the character IS 
sen1 and displayed on the screen Part 
two generates Ihe morse character 
and tlle studenl IS requlred to press 
the correct key on the computer II 
the studenl answers ~ncorrectly. the 
character IS aulomat~cally resent. Part 
three sends morse characters In ran- 
dom groups ol llve The student can 
tallor what IS sent lo thelr particular 
needs, numbers only. letters only or a 
coriibtnat~on ot both. Speeds are lrom 
5 to 20 groups per mlnute The cam. 
puler can also be contlgured to send 
the Farnsworth Inelhod (high speed1 
slow spactng code ) V 2 2 

UB-CC (For C-64) $9.95 

KODE MASTER (for Novlce, 
General or Extra Class students) 
Pit>pare lor your next code exan1 
uslnq computer generated OSOs. Each 
OSO contalns callslqns, names. OTH's 
equipment lnlo plus many 01 Ihe other 
exchanges commonly lound In Hani 
OSO's OSO's can be d~splayed on the 
scteen by one cliaracter a1 a !!me. by 
each sentence or alter the COmPlellOn 
01 the OSO tor checklng Wlth a 
prlnter you can prtnt out a hard CODY 
Avatlable In 5 wpm lor Novlces. 13 
wpm tor Generals and 20 wpm lor 
Extra class students 

UB.KN Novlce Class (lor C.641514.95 
UB-KG llor C.64) $14.95 
UB-KE Extra Class (101 C-64) 514.95 

ANTENNA SYSTEM 
This n~l ty antenna modeling and 
developmeti1 program will help you gel 
Ihe niost lrom your antenna prolecls 
whtle el~mtnating much ol  the drudqery 
01 antenna calculat~ons Part one 
covers standard destgn antennas- 
d~poles, verticals atid Yagl deslgns. 
Part Iwo deslgns shortened dlpole an- 
tennas lor space lhrn~ted hams Great 
lor shortened 160/80 meter anlennas 
All dtmenslorls ate llsted At lh~s  prlce 
11's not an englneerlng program but a 
neat program lo have around 

UB-AS (lor C.64) 59.95 

RADIO AMATEUR CALLBOOK 
SUPPLEMENT 
(both NA and lnlernational calls) 
Invaluable operating a ~ d  to all Classes 
ot Radlo Amateur Includes all calls 
Issued slnce publlcatton ol  Ihe 1988 
edttlon 01 the Norlh American and In. 
ternatlonal edlt~ons The ONLY way to 
be fully up-to-date Is to have Ihe Call. 
book supplement In your shack 296 
pages 1988 

CB-SUP 88 SDnbound 59.95 

Please enclose $3.50 shipping 8 handling 

ham 
r i a d i ~ - ~ - ~ ~ ~  - s BOOKSTORE 
GREENVILLE, NH 03048 

603-878-1441 

SUBSCRIBE AND RENEW 

TOLL-FREE 
- 

- 7 '*- -* 
i 

ham 
radio magazine 

1 YR - $22.95 2YRS - $38.95 

3 YRS - $49.95 
Prices U.S. on ly  

MASTERCARD 
@FJ 

VISA BILL ME 
Please have your charge card ready 

DATATE L 800'" 

8OOm341=1 522 
Weekdays 8 AM - 9 PM EST Saturdays 9 AM - 5 PM EST 

IN MAINE CALL COLLECT (207) 236-2896 

OUR 800 NUMBERIS FORSUBSCRIPTION ORDERS ONLY! L For Errors or Change of Address CALL ham radio 

direct at (603) 878-1 441 8-5 EST 
i 
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ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
L i t e d  below are the page and reader sawice number for each advertiser in  this issue. For more information on their 
products. select the appropriate reader service number make a check mark in the spece provided. Mail this form to 
hamradro Reader Service, I.C.A.. P.O. 130x2558. Woburn, MA01801. 

Name Call 

Address 

CiW State Zip 

'Please contac t  th is  advertiser directly. Please use before  September  30,1988. 

READER SERVICE I PAGE W 

-169 -Ace Communications. IN ................................ 3 2  

-1 15 -AceCommunicalions. Inc, CA ........................... 90 
-144 -Advanced Computer Controls ........................... 65 
-134 -Advanced Receiver Research .......................... 74 

....................................... 41 

-1 12 . Anlennas Wes 

-151 .ARRL ............................................................. 57 

-106 -ARRL ............................................................. 98 

-171 - Aslron C 

. Barker 6 Williamson ....................................... 20 

.............................................. -121 . Bilal Company ..88 . - Boxboro '88 ..................................................... 67 

................................. .. BuckmaslerPublishing 38 

.................................... -127 . Buckmaster Publishing 84 

-1 I 8  . Buckmaster Publishing ..................................... 90 
............................ .- . 1W Burghard! Amateur Cenler -44 

....................................... . Butlernut Electronics 90 

. .................................... 154 Coaxla1 Dynamics. Inc 

................................ .-179 -Command Technologies 20 

............................ .- 150 -Communications Speclalisls 59 
-120 - Compu1erad10 88 

......................................... -188 - Connecl Syslems Inc 1 

-136 . Cygnus.Ouasar Books ...................................... 74 

....... .................. -177 - Dalacom. International ....... 24 

-180 - DM0 Technology 

.-I 16 -Doug Hall Eleclro 

-174 -EGE. 
................................... 69 

.................................. -Falcon Cmmunicalions 52 

-173 . L.L. 0 

-189 - G  

1 4 1  -G 

-- ........................................................ IT2 -GTI 
-164 . HAL Communicalions Corp. ............................. 43 

-159 . Hal-Tron 

.............. -Ham Radio's Bookstore 65. 79. 82. 87.97 

................ ....................... -The Ham Station .. 25 

................................................ .. Hamtronics. NY 85 

READER SERVICE W PAGE C 

. .................................. -148 KComm,TheHam Store 82 

............................ . Kenwood U.S.A. Corp 2. 5. CIV 

-117 . Kldsview Solware. Inc ..................................... .90 

-125 -Madison Electronics Supply 87 

-149 . Ma~g~oreElectronk Laboratory ........................ W 

-176 . Magnaphase Industries. Inc ............................ 24 

-130 -Glen Marlin Engineering, Inc ........................... E 3  

-183 -MFJ Enterprise .13 

-188 - MicroConlml S ................................ 
-155 -Midland Technologies ....................................... 52 

-108 -Missour1 RadloCenler .............................. .- ...... Bg 

............................................... -152 - Moblle Mark, Inc 56 

............................................... . -1 11 Morlan Solware 93 

-129 - Motron Electronics ...................... .- .................... 82 

- 104 . NCG .................... 94 

- Nemal E k t r o n k ~  .88 

.................................................... -140 - Nuls 6 Vdb. 69 

............................................ . -109 OPTOeleclronics t W 

. ............................................. -178 P.C. Elmronics 25 

-167 . PacComm Packel Radio Syslems. Inc. ............. 38 

-148 . Plpo 

-153 . Radi 

-163 -The .............................................. 
.................................... -105 - Aamsey Electronics. Inc 85 

-182 -SCom Industries .............................................. 82 

................................................ -I 39 - Salellite Cily 72 

-175 - TE Systems 

-1 24 - Thermax Co 

.................................. . -114 W~Comm Eleclronics Inc 89 

.................................................... -110 -Vaesu USA Clll 

-157 - Vaesu US 

-137 -E.H. VwlC 

PRODUCT REVIEWINEW PRODUCTS 

-303 - A-Tech Eleclroni 

-304 - Amaleur Radii 
-307 -American Rellan 

-302 - DMQ T 

-305 -Mouser E 

-308 - RF Conce 

-308 - Sibex. lnc. 

-301 - Stom MW ........................ 

f RELY ON JAN \ 
FOR 3-WAY HELP: 
1. TECHNICALLY 

CORRECT CRYSTALS 
TO YOUR SPECS. 

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

3. LOW PRICES. rr 107 

QUARTZ CRYSTALS FOR 
TWO-WAY - HDUSTRY 
MARINE - AMATEURS 

SCANNERS - CBS 
MICROPROCESSORS 

FOR FREE CATALOG. 
CALL O R  W R I T E  

JAN CRYSTALS 
PO. BOX 06017 

FORT MYERS FL 33906 

(813) 936-2397 

TOLL-FREE: 1-800-237-3063 
IN FLORIDA: 1-800.226.XTAL 

\ FAX ORDERS: 1-813-936-3750 

THE 1988 

ARRL 1 
HAMDBQOK 

FOV THE R A W O  runrrun 

NEW 
EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com- 
prehensive information for the 
radio amateur, engineer, tech- 
nician and student. Clothbound 
only. $21 in the US.. $23 in Canada 
and elsewhere. 
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KENWOOD YAESU 
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I I F I V k I I  iUHl  IC.761 NEWEST HF SUDER RIG ALD-24T D U A ~  RANDMOBILE 
TS440S ,-DX.CITING.. FT.767GX B A S  STATION 160-IOMIGeneral Coverage 140-149 995 MHz1 440-450 MHz 

100% ~ u t y  Cycle .Add Opt1onal6m. 2m & Receiver 25Watts on Both Bands 
100 Memories 70cm Modules Built-in Power Supply and Crossband Full Duplex 
Dlrect Keyboard Entry Dual VFO's Automatic AntennaTuner 21 Memory Channels 
Optional Built.in AT Full CW Break.in SSB. CW. FM, AM. RTTY CTCSS EncoderlDecoder. 

On Sale Now. Call for Price! Lots More Fealures QSK to 60 WPM Standard 

K E N W O D  YAESU 
.-: * f- *. ----a . - - . .-..., 2m and 220 MHz Arnpl~ l~ers ' 9. 

C ' I #dl--. GaAsFET Recelve Pre.Amps 
c . m o *  0 9 -  am>': and ~ t g h  SWR Shutdown 

. ,- 
...- Prctectlon FT-736R VHF UHF BASE STAIION 144MHz S 

SSB, CW. FM on 2 Meters lC-735 COMPACT H r  TRANSCEIVER MODEL A 

and 70 cm . All HF BandlGeneral 2.23 2 in130 oul L 
g! Optional 50 MHz, 220 MHz or 2.217 2 inl170oul 

E 
Coverage Receiver . HF Transceiver With 1.2 GHz 12 MemorieslFrequency and 

2-117 10in11700~1 

General Coverage Receiver 25 Watts Output on 2 Meters. Mode 
220MHz 

3.22 2 mi20 oul 
All HF Amateur Bands 220 and 70 cm USB. LSB. AM. FM, CW I 

2-211 ~ ~ n r i ~ o o u t  
100 W Output 10Watts Oulput o n 6  Meters 100 WattsOutput 

C 
3-312 3Olnll2Ooul E 

Compact. Lots of Features and 1.2 GHz 100 Memories . Includes HM.12Scanning Mic CALL D 

K E N W O D  YESU ASTRON 
C a C l P - A T I O N  

i07 supply Power 

IC-900 SIX BANDS IN ONC MOBILE I 

FT-212RH I 

TM.221 A Remote Controller, Interlace RS7A . . . $48 RS35M. .$I49 
THE "ANSWERING MACHINE" MOBILE RS12A . . . 568 VS35M. .$I65 

2m FM MobileTranscelver Rx: 138.1 74 MHz RSZOA . . . 5SB RSWA . . $189 
45W Output wlHiLoSwitch Tx: 144.148 MHz 
14 Multi-Function Memories 45W Output 

RSMM . .$I05 RSWM. ,5215 

TM.421A Available For Digital Voice Recorder . VSZOM . ,5125 RMWA. ,5219 

440 MHz FT-712 RH for 70cm RS35A . .$I33 VSWM . . $229 



POCKET SIZE 
SIZE:4" Hx3.5" W x l "  D 

MADE IN USA 

FREQUENCY 
COUNTERS 

TO 2.4 GHZ 

#TA-100s 4 8 LED DIGITS 2 GATE TIMES 
ALUMINUM CABINET 

i INTERNAL NI-CAD BATTERIES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 

I . . 
EXCELLENT SENSTn W 

& ACCURACY 

AC-DC PORTABLE 
OPERATION 

small enough to fit into a shirt pocket, our new 1.3 GHz and 2.4 GHz, 8 digit frequency counters are not toyslThey 
can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed ins~de the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 
signal generators and other devices to accurately monitor frequency 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 
-- 

#1300H/A Model 1300H/A 1-1300 MHzcwnterwithpreamp.smsituity .: ImV 
. . . .  27MHz to 450MHz includes NI-Cad Oatter~er and AC adapter $169.95 

# 2 W H  Model 2400H 10-2400 MHzmicrowave counter includes Ni-Cad 
batteriesand AC adapter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $299.95 

#CCA Model CCAcanter/counter. for debuggw-q. ultra sens~t~ve. < 50 rnlcro 
volts at 1 SOMHzl l-600 MHzwth adjustable threshold. RF lndlcator 
LED lncludes NI-Cad batterles and AC adapter SZW.95 

ACCEfSORIES: 
#TA-1 OOS Telescoping RF pick-up antenna with BNC connector . . . . . . . . . . . . . . .  S12.00 

#P. 100 Probe, direct connection 50 ohm, BNC connector . . . . . . . . . . . . . . . . .  .CZO.OO 

#CC-12 Carrying case, gray vinyl with zipper opening. Will hold a canter and 
#TA-1000S antenna. . . . . . . . . . . . . . . . . . . . . . . . . .  ... ... . . . . . . . . .  .SlO.W 

v 1W 

ORDER FACTORY DIRECT 
FLA (305) 771-2050 1-800-327-591 2 VISA* 1 
R I 

AVAILABLE NOW1 

L t  OPTOELECZRONICS INC. 
I 

5821 N.E. 14th Avenue 
Orders to US ar!d Canada add 5% of total ($2 min, $10 max) 

Florida residents add 6% sales tax. COD fee $2. 
Ft. Lauderdale. Florida 33334 Foreign orders add 15% 



With Ymsu's FT-757GXl11, yuu 
can enjoy full-featured HF per 
formance just about anywhere. 

On vacation. During field 
day. On the road. Or in ynllr 
shack. 

Because the FT-757 
packs all its HF perfom-..-- 
into one highly compact, action- 
ready case. A case so small, 
it even fits under airplane seats. 

Of course, you've probably 
noticed a similarity to its pre- 
decessor, the FT-757GX.That1s 
purely intentional. And now its 

lance is even better. 
h new features like mem- 

ory storage of operating mode. 
Slowlfast tuning selection. Auto- 
matic step-change according 

perform 
Wit1 

tron 
hlan 

luue. lr 110tch filter. 10 melll- 
s. And VFO to VFO scan. 
Plus you get an iambic elec- 
ic keyer. Woodpecker noise 

,.,.,rker. 600-Hz CW filter. AM 
and FM modes. AF speech pro- 
cessor. And 25-kHz marker 
generator. All a t  no extra charge. 

Three microprocessors. 
Dual VFOs. Single-button VFOI 
memory swap. Receive cov- 
erage from 500 kHz to 30 MHz. 
lhnsmi t  coverage from 10 
to 160 meters, including WARC 
bands. All-mode coverage 
(LSR, USR, CW, AM and FM). 
100-watt RF output. 

QSK operation. Massive 
heatsink and duct-flow cooling 
system for continuous RTTY 

operation for up to 30 minutes. 
Comput.er Aided Vans- 

ceiver (CAT) System for com- 
puter control via optional 
interface (software is available 
from your Yaesu dealer). 

Of course, the FT-757GX111 
offers the kinds of options 
you'd expect from Yaesu, too. 
Including standard and heavy- 
duty power supplies, auto- 
matic antenna tuner, and more. 

So no mattter where you 
work t,he DX, take along Yaesn's 
FT-757GXIII.The full-featured 
HF rig you'll have a real field 
day with. 

bevu "- ,,210 Edwards Road, Cerritos, CA ) 404-2700. Repair Se . Parts: (21: 



Four to Go! - - n n ~  r 
i . .~ - .  r p ,,I ,,? ; % ,  , 1:. ,-! * / -  ..'-  <.!,; . . I . " 

144/220/450/1300 MHz 7.: ' . . ') -. , , .,,,,Bl, ;;%I. ;:;I * , . I < > : >  r,pu7. 
The ~ 3 e ! l i r , ~ ~ ,  (;(2r,-:3F,,;.: l 9 . q  , , , \ , , . ;? < <  ' ! 1'1 <,'.I? ',',!jz, . - .  , 

!.),I [ , I  =%.::lP, (~r) \ .#plq :)'3.[ t  : <(!!I 
Fhil n\,'lobifs ' ~ T ~ ~ s c _ L T .  \ 1 ~ 1 r c  

,,I ,~ (Speclficat~ons guaranteed for 
The all-new TM-221A, TM-321A, Amateur band use only.) 
TM-421A and TM-521A FM trans- - ;,.,; l L  , > J , : , , , ,  I,- ,,:,,; , , ! ,  it..! ! It, l \  , I f  :!:;, 

ceivers represent the "New Genera- :, I 1 .  : . , .  TSU-5 programmable 
tion" in Amateur radio equipment. decoder o~ t~ona l .  

, ,  1, , ! , > r , !  : . : < r , : !  ,.<,.l ':,,ls- The superior Kenwood GaAs FET - -.,, , 

front end receiver; reliable and makes operat~ng a snap! 
clean RF amplifier circuits, and new - ! #  ' Y * . ' ,  L> , ,~ - ( ,  ::I,,: , ! ~ ~ : ~ ~  tictr~k 
features all add up to an outstand- r . 1 .  I , : ~ I ( , C  ' . r . . , . k . 7 T .  ; l i ~ : i  nc., j~c~v,f.r 

ing value for mobile FM stations! , .,lll.. .,, I l l i ( i r i  

The optional RC-10 handset/control - ,:,. .,, I - ! , I  , ' ~ . ~ ! : c ! r . n ~ ~ ~  ! . : . . r~ . ,  for 
unit is an exciting new accessory qulck and easy QSY. 
that will increase your mobile . ! . -  ,' ';. , . , ,v l : '  . , . .  ;'. : A )  i t , \  ;;?i/i 

operating enjoyment! 4 1  , .,I: .:' : A  " ,  y :  , 1 1 ( ~  1 $fi 5;>1fl 

. 'I , ,I:1 I ' : ' , ~  " - '  All models have adlustable low 
; , , : >  p r t -  . , ,,:,:;!;,,,.. : I : .  power 

I<I:I~MOC)C~ rion volat~lr. o ( ) r - . > t~nq  
' ~ v ~ t ~ . : i i .  All funct~ons remnln Intact 
even when lithlum battery back-up 
falls. (L~th~urn cell memory back-up. 
est. llfe 5 yrs.) 

,* I: : l l ! i  t i ! :~l: i~c.~? r~i.-n:c~ry channels 
store frequency, repeater offset. 
sub-tone frequenc~es, and repeater 
reverse ~nformat~on. Repeater offset 
on 2 m is automatically selected. 
There are two channels for "odtl 
spllt" operat~on. 

4 9 u p ~ r  r-c!nll);?ct. 
approx. 1~1/2"Hx5-1~2"Wx7"D. 

* N~~, r r~ f> l io f ; ' .  test !unctlc~ri [ i n  low 
pov.'(.r 
HIL ! !~  c l i r ; t l ~ t \ . ,  top-mountr .d  s p c t a k ~ r  

* c;*crar.sc! c!io-cnqt cha.;.;~s ;IIIC~ 

' i c - , t +  . , t r ~ k  

Vr:-lC' Remr3tp C o r ~ t r o l l e r  
For TM-221A/321Ai421A1521A. 
Optional telephone-style handset 
remote controller RC-10 IS sj~ec~ally 
deslgned for mobrle convenience 
and safety. All front panel controls 
(except DC pov3er and RF output 
selecllon) are controllable from the 
RC-10. One RC-10 can be attached 
to a combination of two trans- 
ceivers wlth the optlonal PG-4G 
cahlr!. When two transce~vels are 
connected to the RC-10, cross 
band, full duplex repeater opera- 

KENWOOC U.S.A. CORPORATION 
?701t [)on11rlcqt1~7 SI . Lon~jI3~~;ri I1 CAirO8lO 
I'f) Hrlx 77;di, I r:rlq Rr,:~c 1 1 .  (:A QInRO1 '17.15 



THIS LUCKY 
HAM WON 

A KENWOOD 
940 STATION 
AT BOXRBRO! 

DISCOUNT 
RESERVATION 

COUPON 
INSIDE 

TO LEARN ABOUT A 
MASSACHUSE'ITS VACATION 

CAI,I, 1-800-447-MASS 



I N  N E W  E N G I A N D  
E V E R V O N E  1 ) R I V E S  '7-0 

T t l E  II'ON1)EKFI'L 

Boxboro 

October 

EAR13 BIRD 

DISCOUNT 

IN THIS 
MAGAZINE! 



h ms!r Ham Convention Ever! 
MEET: Every Manufacturer 

Every Dealer 
ever want to see! 

I(:ll\l. h E ~ U l l O I l  1 \KC;[ . 'I'RYl'El.. l:ll\11{ \I) E'11l . K1;K. (:I SIIl:I< \kT .  .\ l . lYl: l l  l ' E l . K \ l l l Y ( ~ ~ \ l ~  . ll.\\l l { \ l l l l l .  1:l'\1. l l l ~ l l l \ l l : n ~ : v l ' K .  1'1). l 'K l { l l ' l lE\  . I'.\I~I\I \I{ IISI~I . II~IIT~ IIIOI, - I,\ SII.\~:~. I~.\I~IS . t l . l \ \ l  11.1 \ \ ! \ l ~ K K ' l ' . ' I ' t ~ o !  . \ l l l ~ ~ l ; E l h l , \ l  1.1Sl:. 1%) U . t \ l l s 1  . 5l:lk:Yl:E \ ~ l ~ l i h S l l l l l '  . llKl..\U.\l~K. . \ l l I 'S l  1'1'1.1 . l ' K l A : I l \ l  . \K t  \IV.l . F.\YTI~l l \ I l :c .  0 IT l lK l .K~THOYI l :S .  I<. 11. 10?1 73 . 11.tl~I:o C:Yl;I{\\IYl;. .\I 5l'IV hTTEVY, \  I { \ \ lSEY 

,< \ l l l l < E  . \ l l l l l < l l  K\ K l { j  U  KKK! 

TWO 
-qFc 
- 2  - -  iJ 

r m m = m m m m m m m m m m  

1 PAYS 
OCT. 1 & 2 1988 

I SHERATON ROXRORO 
I 
1 ON 1 

I t o u t r  111 a t  R l ~ u t r  495 

I R o x l ) o r o .  M a s s a r h ~ t s r t t s  

I 

EACH I ( 4  Short 1 ) i s t a n r r  I.'rnni TIir M a s s  T t t r n p i k r )  

I 
I I - .  . . ..i i . 

REGISTRATION : I .01.OIo. was. 

I WITH THIS CARD 
~ = = = - = = r = = = = m m l  



ORDER NOW AND 
SAVE $1.00 on EVERY registration! 

OGTdbRER ]I & 2 SAT. 8-c SJJN. 
New England A.R.R.L. Convention 

.\X'l'l*:V\:\PRO(;l{ \\IS* I:.(:.(:. l.:\,\\lS* \ \ O L  l'VllO\(;* ~ ' l , l ' I ~ O ( ; l ~ ~ \ \ ~ ~  
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - -  1 

I HOW 
EAR1.Y RlR1) I)ISC'OliNT COUPON I 

I . , a . , . . ,> I Y . \HliKr SEI.I.I.:RS I 

I S.4TURDAY NIGHT 
I 1)ANCE:. SHOW.' K $18.30 

t,, I 

.,at* 1 ,,,I- 

hlnkr Chr1.k I ' n v a l ~ l ~  %,: I<E.M.A.R..I\.. a r ~ d  Mai l  will1 S.A.S.I.:. to: 
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