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The Standard of Excellence 
in HF Ease Stations 

The IC-751 Is the most 
advanced transceiver avail- 
able today. It's a competl- 
t lon grade ham receiver, a 
lOOKHz to  30MHz contlnu- 
ous tunlng general coverage 
receiver AND a full-featured 
al l  mode solld-state ham 
band transmitter. The IC-751 
also covers the new WARC 
bands, MARS frequencies, 
and is AMTOR compatible. 

Important Standard 
Features. Compare these 
important standard features in 
th~s "top of the I~ne" base 
station: 
- - 

lOOKHz - 30MHz Receiwr 
105dB dynam~c range 
OSK - full break-in CW 

FM Mode Standard 
Highgrade F L ~ ~ A  4 5 5 ~ ~ ~  
SSB filter 
32 tunable,Memories with 
lithium battery backup 
100% Duty Cycle Transmitter 
Passband Tuning 
12V DC operation 
Adjustable AGC 
Adjustable Noise Blanker 
RIT/XIT with separate 
readout 
IC-HMl2 Micro~hone with 
Up/Down Scan 
Continuously adjustable 
transmit power 

Options. IC-EX310 speech 
synthesizer, internal IC-PS35 
power supply, external IC-PSI5 
or IC-PS30 system supply, 
IC-SM8 two-cable desk mic, 

Now with a ONE YEAR Warranty! 

IC-SM6 desk mic RC-10 exter- 
nal controller, and a variety of 
filters. 

FILTER SPECIFICATIONS 
C m m  440 

nlm, MaOd F q .  I K H I I  . (KHz1 Wldtn 

STANDARD FILTERS 

AMcClm* c w 4 5 5  11 455 6 0  

ssa ( m l  XTN R-ao 9011 5 2 3 

FM Alter 9MlW 90115 151--1 

ISll N . W  

lHygr* C V U I I  A 455 2 .  

OFTlONN FILERS 

O V N a n a v  FL-52A 455 OSm 

C W N -  R - 5 M  455 0250 

SYIYIY* m.m POIIS 2 8  

W N a n o v  R.32 90106 O5W 

O V N a n o v  R.63 90106 0250 

AM R-33 WlOO 60  

Operating From 12V, th 
IC-751 is also available with; 
optional internal AC power 
supply, the IC-PS35 ... for the 
winning edge in field day 
competition. 

The IC-751 provides super!( 
performance for all amateur 
radio operators ... from novice 
to extra class. See the IC-7f 
at your local ICOM dealer. 

First in CO~% gtion! 
ICOM Amerlca, Im, 2380-116th A w  NE, Bell-, WA 98001 / 3331 Towcmroad Drfvc, Sultc 307, Dallas, TX 75234 

All Ntcd ~~ nr appollrnm and wbJea m change wRkoul notlce or obllgatlon. All KOM radlol slgnmwnt(y nmd K C  m)utnlom llmltlnp splrhnx nnlsslons. 751185 
.& ,114 



The I,C.SI ur.tv to drcidc. 
u l~at  patch is right for you 
s to first d(,cidc, what a 
latch \huulcl do. A patch 
,hould: 

Givr cc,mplc~tr crrntrol tcr 
the mobile. .. nllorwing full 
hreak in  r~pt-mtic~n. 

* Not interfrre with the 
nornlal ~ r p ~ r a t i r ~ n  of v~rur 
hasp statirm. I t  s h o ~ ~ l d  
not rrquirr* y ~ ~ u  10 ron- 
nect and diwonnert cah- 
IPS (or flip su~itches!) 
evrw tirnc- you wish III 
11% VOIII radio as a nor- 
mal hasp station. 

Nnt depend nn volume or 
squc.lrh svttings of ylror 
radio. It shrruld work rhr 
sanw rrgardlrss of what 
yo11 do with these con- 
tn~ls. 

YIIII sho~~ l t l  he ahle to 
hear yot~r hase station 
svaker with the patch 
itlstnllrd. Ren~mmher, you 
liav<. a babe station he. 
call* thrrc. arc3 n~ohiles. 
ONIS OF THt:M MIGHT 
NI:I-D HEI.I? 

The patch should have 
standard Iraturrs at 
no extra cost. Thee  
s h o ~ ~ l d  inc l~~dv progmnl- 
n~ahlc, toll rrstric~ (dip 
su~itrhes), tone II~ rotay 
dialing, pn>qrarnrnahle 
pa tch  and  a c l i v i t v  
timrrs. and fr11t11 pan14 
inclicators cliannel ancl 
patch statlas. 

ONLY SMART PATCH 
HAS ALL OF THE 
ABOVE. 

Now Mobile 
Operators Can 
Enjoy An 
Affordable 
Personal Phone 
Patch. . . 
I a11 PX(>CIIC~VI~ 

rcqu',~t~,r. 
0 1121114 anv I M  tra~~cri\'c.r 

a+ ,a lkiu, sIati#>n. 
T l ~ v  u.rrr.t i 5  a S1MPl~f.X 
nutc,pntt.l~. TIIV SMART 
PATCH. 

SMAJZT PATCH 
Is Easy To Install 
I,, i ~ ~ s l . ~ l l  SMART I'ATCH. 
:on~~vct tliv r ~ ~ t ~ l t i u ~ l o r c ~ ~ l  
:on~lx~tc~r 5rvlv rihhcm rahlr 
, I ,  1 3 1 i r  audin. rc.rclii,c.r 
i s r i n i i ~ i t r .  I and 
3nur.r. A 11tod111.1r 1 1 l i t r t i ~ ~  

.or11 i\ pre,\,idcvl k ~ r  c.an~- 
1t,cti<811 11) wcvttr II~I~I~P sv5- 
II,III. S t>~~n t l  sin~plv? . . . 
rr I<! 

How To Use 
SMART PATCH 
I'I,IIIIIO CB c ~ l i  i+ s i~ i~p l<* .  
5v11d v<~irr nc-c-r.\\ c-r~clc 
 iron^ yollr mnhilc* (r.xanr- 
plu: '731. Tlri5 hrin!ls (111 

IIIP I'atrh and UOII will 
Ilc.ar dial lonc3 transr~~itlcd 
I~IIIII yc~ur Irasa s1alic111. 
Si~~cc. SMART PATCH i\ 
clwc-king alrot~t t)nrr p1.r 
51.rcrnd to ,PI. if V~)II wat~t 
to dial. all v c ~ ~  havv to do 
i< kry vour tr.~~~s~nittvr. 
t l ~ t ~ n  dial thr pl~onts IIIIIII- 
11c.r. YIJ~I will II~IU, Iic,,~r 
the pho~ l r  rinq .lnd \III.*~- 
onr ansuvr. Sinrr* the rn-  
hancrd c~rntr~r l  scstcti~ of 
SMART PATCH is ~IIII- 

ztn~~t lv  rhvckinq III WI. il 
vou umish 111 talk. IJIILI ncrcl 
11, sin~plv k t v  vour tmtts- 
mittt*r and tt1c.n talk. 
That's rig111, W ~ N I  z i ~ i~p l v  
kvv your tran5n1ittc.r III 

interri~pt thv IIII<*IIC~ Iinv. 
'The hasp s ta t ic  ~IIIO- 

trlnticallv 6111p5 t r a ~ ~ n l i t -  
ti119 ahrr WIBII k1.v y ~ ~ u r  
n ~ i r .  SMART PATCH dews 
1101 n*quirv anv spvcial 
IIIIIP cq~~ilrrnenl to C-IBIII~#I~ 

vfnrr haw st;~tif~n. I t  GIIII- 

plvs vrrv hiqh frvqu<*~,ry 
tloist' lrresv~ll at vullr 
rrcc~ivrrs diu-rirninat~,r 11, 
d~tcmnine if a ni~hilc. i\ 
lrresmt. Ncv u.~~rds c~r sclla- 
h1c.s arr rv r r  Irlst. 

SMART PATCH 
I s  All You Need 
To Automatically 
Patch Your Base 
Station To Your 
Phone Line. 
I;,,. hIIIAR'1' I'ATCtl b ~ r :  

Mc~l,ilv (clr rr.~~~ettv Itact*) 
111 ~IIIIBIIV I~II~' virl S i ~ l ~ l r l ~ . ~  
II~W. (5131, fig I .I 

M<>Irilv 1,) Mol>ilv v1.t in. 
tt~rcc~nnc~ctrd I~,I+V 514. 

l i t~ns lor 1.x11,11dr.d mn!)r.. 
(54V fi!~. 2.1 

Tvlrpho~~c, lilt,. 10 r~l#~I>i;v 
lor rrnl#)tc. Oa41.1. 

9 SMART I'ATCtl 11ct.5 
SlMl'1.l: HASI. STA- 
I I( )N I.QIIII'MI.M. I lu. 
vo~sr n~rdin,~n.! IB,IUJ 5tr1- 

tictn. SMAKT I'ATCtf 
t lc)r+ t l i i ~  withot11 i11lt.r. 
Icring u,itli 1 1 1 ~  11orn1,tI 
I I~I~ '11 vour raclio. 

WARRANTY? 
Y1.S. I X O  cl.1~5 01 u.nrr.~n- 
I" lrr~~tvctiun. ~'IIII 5i111pIv 
c-ill,'l g,, wr,ltl!l. 
AH FCC tvpv arr12ptc.d 
roulrlc~r i 5  .~\..~ilnhlv Il,r 
SMART I'ATCtI. 

Communications Electronics Specialties, Inc. 
lJ.O. I {cD\ 2'1:iIl. \Vitrtvr !'ark, I ' l o r i ~ l ~ ~  :i27%1 
ICI,.~III~~C.: (:iOS) 635.0474 Or caU toll-free (800)327-9956 



TS-430s "Digital DX-terity!" 
Eight memories store frequency, AT-250 automatic antenna tuner was 
mode, and band data, with Lithium designed ~rimarilv with the TS-430s 
battery memory back-up. Memory 

Digital DX-terity ... that outstanding scan and programmable 
attribute built into every KENWOOD band scan help speed up opera- 
TS-430s that lets you QSY from tions. An IF shift circuit, a tuneable 
band to band, frequency to fre- notch filter, and a Narrow-Wide 
quency, and from mode to mode switch for IF filter selection help 
with the speed and ease that will eliminate QRM. It has a built-in 
give you a position in DX processor, A fluorescent 

-operations. 
KENWOOD'S TS-430S, a revo- 

tube digital display makes tuning 
easy and fast. An all-mode squelch 

lutionary, ultra-compact, HF trans- circuit, a noise blanker, and an RF 
ceiver has already the hearts attenuator control help clean up the 
of radio Amateurs the world over. signal. And there's a VOX circuit, 
It covers 160-10 meters, including plus semi-break-in, with side-tone, 
the new WARC bands (easily modi- All-in-all, it just could be that the 
fied for HF MARS). Its high dynamic expression DX-terityN is a bit 
range receiver tunes from 150 kHz- of an understatement, 
30 MHz. It utilizes an innovative UP TS-430S Optional Accessories: 
conversion PLL clrcuit for superior 
frequency stability and accuracy. In typ~cal KENWOOD fashion, there 

Two digital VFO's allow fast split- 
are plenty of optional accessories 
for this great HF transceiver. There frequency operations. A choice of is a special power supply, the 

USE, LSB. CW, or AM, with FM PS-430. An external speaker, the 
optional, are at the operators SP-430, is also available, And the 
tips. All Solid-state MB-430 mounting bracket is avail- 
mits inputs of 250 watts PEP on 
SSB. 200 watts DC on CW. 120 , 

able for mobile operation. The 

in mbd, and for those who prefer to 
"roll their own:' the AT-130 antenna 
tuner is available. The FM-430 FM 
unit is available for FM operations. 
The YK-88C (500 Hz) or YK-88CN 
(270 Hz) CW filters, the YK-88SN 
SSB filter, and the YK-88A AM filter 
may be easily installed for serious 
DX-ing. An MC-6OA deluxe desk 
microphone, MC-80 and MC-85 
communications microphones, an 
MC-42s mobile hand mic.. and an 
MC-55 8-pin mobile microphone, 
are available, depending on your 
requirements. TL-922A linear ampli- 
fier (not for CW QSK), SM-220 sta- 
tion monitor. PC-1A phone patch, 
SW-2000 SWRlpower meter 160 - 6 
meter. SWlOOA SWRlpower/volt 
meter 160-2m. HS-4. HS-5. HS-6. 
HS-7 headphones, are also available. 

More information on the TS-430s 
is available from authorized dealers 
of Trio-Kenwood Communications. 
1111 West Walnut Street. 
Compton, California 90220. 

- ~ . - 
watts on FM (optional), or 60 
watts on AM. Final amplifier 
protection circuits and a 
cooling fan are built-in. 
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what's wrong with Amateur Radio? 
A lot  of fuss is being made these days about the future of Amateur Radio. The number of new hams enter- 
ing the hobby is down significantly; 10.2 percent fewer licenses were granted in 1984 than in 1983. The number 
of hams who upgraded in 1984 was down 30 percent from 1983, and of the hams currrently licensed, 25 percent 
will choose not to renew their tickets. For the first time in ten years there was, at year's end, a net loss of 
licensed Radio Amateurs. 

What does this all mean? 
Very simply, it means that Amateur Radio has some big problems. 
Not all the problems are within. There's a lot of pressure from outside the hobby. Municipalities seek to limit 

or prohibit tower construction and control sources of possible RPI. Commercial and other interests want our 
spectrum space. The FCC, on one hand, has made getting the Nbvice license easier; on the other hand, upgrading 
has become more difficult - though perhaps this is no more than a temporary effect of implementing the Volunteer 
Examiner program. 

It all adds up to an unhealthy situation. And unless all of us - each and every ham in the United States - 
gets involved, very soon, Amateur Radio as we know it may cease to exist within the next ten years. 

Some might say this is an overly provocative statement, and that I'm seriously exaggerating the situation. 
I don't think so. 
A few days ago I read an editorial by A1 Dorhoffer, K2EEK, in the February, 1985, issue of CQ, and spoke 

with A1 by phone later. 
While ham radio and CQ address two uniquely different segments of Amateur Radio, our futures are irrevocably 

linked to the future of this hobby. In his editorial, Al pointed out that we need to involve our children in Amateur 
Radio. There's a dual meaning here, because by "our children," Al means both our own offspring and children 
in general. Before you go out and rail against what is or isn't being done by everybody else, let me ask you 
to look at your own household. On close examination, I think you'll find some interesting information there. 

If you do have kids at home, are they hams? (If they are, congratulations. You can skip the next paragraph.) 
If they aren't hams, why aren't they? Have you done everything possible to interest them in Amateur Radio? 

Or have you bored them with statistics and failed to show them how much fun Amateur Radio really can be? 
Watching Mom or Dad on the air isn't the answer. 
Hands-on experience is. 
Studies in group dynamics show that in any group, 90 percent of the work is done by 10 percent of the people 

involved. If you're sitting back waiting for somebody else to interest your kids - or your neighbor's - in Amateur 
Radio, you can sit back and watch Amateur Radio wither away. All across the country there are local pockets 
of enthusiasm that seem to turn out the majority of new hams year after year. If your area isn't one of these, 
what are you doing to make it so? 

Examining the latest figures on VEC exams given nationwide, I was discouraged to find that while some areas 
are being well served, with aggressive recruiting programs and regularly scheduled examinations, others were 
still waiting for their first exam sessions. 

Another point K2EEK mentioned must be emphasized: Amateur Radio is not a private club. Once we've 
attracted new hams - whether they're young people or adults - we owe them all the nurturing, all the help, 
we can give them. When questions are asked, help should be given. Several months ago we received a letter 
from an irate newcomer to the hobby. An eager Novice, he'd joined a local ham club only to be totally ignored 
by most of the membership. Meetings were spent discussing ways to beat the cable company and how so-and- 
so was such a ding-a-ling. Nobody was interested in helping him enter the mainstream of Amateur Radio. 

On the way to visit relatives over Christmas, I was talking with a friend on a repeater in central Pennsylvania. 
After we signed, two other hams got on and proceeded to have a donnybrook. If I'd been trying to demonstrate 
the wonders of Amateur Radio to a friend at the time, I would have been terribly embarrassed. What would 
he have thought? 

The bottom line is that before we go blaming anyone else for the problems in Amateur Radio, we have to 
look at ourselves first. If you have kids at home, and they're not hams, how come? If your club doesn't have 
any young members, why not? And if you're quarrelling on the air, what are you tellingprospective hams about 
Amateur Radio? 

It's up to us to make sure that Amateur Radio survives. If we do nothing but blame everyone else, it won't 
- it's really that simple. 

Physician, heal thyself. 
J. Craig Clark, Jr., NIACH 
Assistant Publisher 
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I 300 WATT ANTENNA TUNER HAS SWRIWATTMETER. ANTENNA SWITCH, BALUN. - 
MATCHES VIRTUALLY EVERYTHING FROM 1.8 TO 30 MHz. 

RTTY/ASCII/CW COMPUTER 
INTERFACE 

>- - 
MFJ-1224 

-", . - .)__ _ _  " ....,.,., 
$99.95 * :4 s ~5 %.* ?:? .. -- -* 8 

I 

Free MFJ RTTYIASCIIICW software on tape and 
cable for VIC-20 or C-64.Send and recelve mm- 

puterized RTTY/ASCII/CW with nearly any per- 
sonal mmputer (VIC-20. Apple. TRS-BOC. Atari, 
11-99, Commodore 64, etc.). Use Kantronics or 
most other RTTYICW software. Copies both mark 
and space. any shift (including 170. 425. 850 Hz) 
and any speed (5-100 WPM RTTY/CW. 300 baud 
ASCII). Sharp 8 pole active filter for CW and 170 
Hz shift. Sends 170. 850 Hz shift. Normal/reverse 
switch eliminates retuning. Automatic noise Ilmiter. 
Kantronics compatible socket plus exclusive general 
purpose socket. 8x1 Nx6  in. 12-15 VDC or 110 VAC 
with adapter. MFJ-1312. $9.95. 

MFJ's fastest selling tuner packs In  plenty of new featuns! 
New Styling! Brushed aluminum front. All metal cabinet. 
New SWRIWattmeter! More accurate. Swltch selectable 

300/30 watt ranges Read forward/reflected power. 
New Antenna Switch! Front panel mounted. Select 2 coax 

lines, direct or lhrough tuner. random wire/balanced line or 
luner bypass for dummy load. 

New almound inductor! Larger more efficient 12 position air- 
wound inductor gives lower losses and more watts out. Run up 
to 300 watts RF power output. Matches everything from 1.8 to 
30 MHz. dipoles. lnverled vee, random wires, verticals. mobile 

NEW wh~ps. beams. balanced and coax lines. Built-in 4 : l  balun for 

$99 rn 95 M F k O 4 1 D  F E A ~ R E S  
balanced Itnes. IOOOV capacttor spacing. Black. 11x3~7 inches. 
Works with all solid state or tube r tgs  Easy to use. anywhere. 

RX NOISE 
BRIDGE 
Maxirnlze 
your antenna 
performance! 
Tells whether to shorten or lengthen antenna for 
min~mum SWR. Measure resonant frequency. 
radiation resistance and reactance. 
New Features: indiv~dually calibrated resistance 
scale, expanded Ppacitance range (f1.50 pf). 
Bu~l l- in range extender for measurements be- 
yond scale readings. 1-100 MHz. Comprehenslve- 
manual. Use 9 V battery. 2 ~ 4 x 4  In. 

INDOOR TUNED ACTIVE 
NEW! ! ~ P R ~ ~ ~ ~ ~ $  FiEJ.N,9s 
with higher or exceeds reception 1 
of outside long wlrm! Unique tuned Active 
Antenna minimizes intermode. lmprovd select- 
ivitv. reduces nolse outside tuned band. even I I 
funsions as preselector wtth external antennas. 1 
Covers "ping 0.3-30 anterma.~une MHz.Tele ~4 
Band. Gain. Onnff  
bypass controls.6~2~6 in. a. .@ 
Uses 9V battery.9- 
18 VDC or 110 VAC with 
adapter. MFJ-1312. $9.95. MFJ-1020A $79.95 

POLICE/FIRE/WEATHER 
2 M HANDHELD CONVERTER 
Turn your syntheslmd scannlng $39.95 
2 meter handheld Inlo a hot POllCel ' . M F J  
Flre/Weather band scanner! 
144-148 MHz handhelds 
receive Pol~ce/F~re on 154- 
158 MHz wlth dlrect fre- 
quency readout. Hear 
NOAA marllime coastal 
plus more on 1KJ-164 MHz. 
Converter mounts between 
handheld and rtlbber ducky. 
Feedthru allows simultaneous 
scanning of both 2 meters 
and PoliceIFire bands No Si 
missed calls. Crystal controlled. Aypass/Off 
switch allows lransmitting (up to 5 watts). Use 
AAA battery. Z1/rxl%xl% ~n BNC connectors. 

MFJ/BENCHER KEYER 
COMBO 

MFJ-422 
$109.95 

The best o l  !I 
all CW worlds- 

OBLIOATION. IF NOT DELIGHTED. RETURN WITH- 
IN 30 DAYS FOR PROMPT REFUND (LESSSHIPPING). 

One year unmdl t lc iu l  guarantee Made In USA. 
Add 54.09 each shipping/handling C a l l ~ r w M c  

a deluxe MFJ Keyer In a cornpaFiFonftguration 
that fits r ~ g h t  on the Bencher Iambic paddle! 
MFJ Keyer -small in size, big ~n features. Curtis 
8044-8 IC. adjustable weight and tone,front pane! 
volume and speed controls (8-50 WPM). Built- 
in dot-dash memories Speaker, sidetone, and 
push button selection ol semi-automaticltune 
or automatic modes Solid state key~ng. Bencher 
paddle is fully adjustable, heavy steel base with 
non-skid feet. Uses 9 V battery or 110 VAC with 
optional adapter. MFJ-1305. $9.95. 

VHF SWR/WATTMETER 
LOW cost MFJ-812 $29.95 
VHF SWR/ 
Wattmetsr! 

. .. .< . , . 
Read SWR 
(14 to 170 MHz) 
and reflected forwardl power ml 8 

at 2 meters. Has 30 and 300 watts scales. Also 
read relative lield strength. 4 x 2 ~ 3  in. 

MFJ ENTERPRISES. INC. 
Bm 491, Mlsslssippl sets. MS 39782 

1 K W  DUMMY LOAD 
Tune up fast, extend 

MFJ-250 $39.95 - - 
life of flnals, reduce '---- 
ORM! Rated l K W  CW - , ~, . .~~,zs , ,  - 
or 2KW PEP for 10 mln- 
Utes Half rattng for 20 
mlnutes conttnuJus at 
ZOO W CW. 400 W PEP - A 

VSWR under 1 2 18 30 
MHz. l b I 0 3 0 0  MHz . J 
011 contalns no PCB \ - / 
50 ohm non-inductive resistor Safety vent 
Carrylng handle 7'/zx6W tn. 

24/12 HOUR CLOCK/ ID TIMER 

maintains time during power outage. ID tlmer 
alerts every 9 minutes after reset Red LED .6 inch 
digits. Synchronizable wlth W. Alarm with 
snooze function. Minute set, hour Set switches. 
Time set switch prevents mis-settlng. Power out. 
alarm on indicators. Gray and black cabinet. 5 x 2 ~  
3 inches. 110 VAC. 60 Hz. 

DUAL TUNABLE SSB/CW/RTTY 
FILTER M F J - 7 5 2 ~  $99.95 

Dual f l i ten glve unmatched performance! 
The prlmary filter lets yo, sear 1c::- 3% 
pass or high pass wl:n extra s e e 2  ~ ~ 8 ~ : s  
Auxiliary t~l ter gives 70 db ng!im :C - 2  3eab 
Both ftlters tune ! , o ~  300 :: 3000 *z A I : ~  

variable bandwiO!n from :O * i  :: 'ea- ! ' a: 
Constant output as 3ard:.1C:~ ,c bd7e",-ear 
frequency control SKI!CI~C e -: se -' :e- '3' 
impulse nolse Smu a:ec s:e-e: r:.-: ':' C!% 
lets ears and m n c  we:: I?'.' -2":s ':. 2 - ;s 
Plugs in!o phone !ach - A :  :.z':r ' 2 .  ssea<ec 
Off bypasses ' : e p  ?-'8 i :: :' ": . n':- 
opttona aoao:e7 I'[.-'3': 5: ?5 

TO OROER ORFORYOUR NEAREST 
DEALER. CALL TOLLaFREE "'?' ? 

800-647-1800. Cali 601-323-5869 
In MISS, and outs~de continental U S A  
Telex 53.4590 MFJ STKV --~-.==- 
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I n BEST r 6 STORE BUYING POWER ASSURES 

FOR BIG. COMPLETE STOCKS. GET WHAT 
W r - r  YOU WANT WHEN YOU WANT IT. 

MORE SAVINGS BY FREE DELIVERY. 

HAND-HELDS 

ACCESSORIES 

MS-10 M u t  
MI-1OID P l l  
Suhhbox 
HI-1OSA VOX 
Unit. 1 Nor 
*own 4 s  
mly \nm 02AT 
Ond M A T )  

ICWL1 12VDC 144MHz Doosm 
10W n s i l 2  VDC cr.,rve$ w 5 h AC Woll Charpn 

C m x  ONC 10 erb R 230 1 
1 1 7  V4C ,n 

PRICED FOR DC kgulotor 
12WC1n QbVDCovt 
l c W \  wlrh DC cad - wll no1 IC-CP1 Oc,anm Liphm 

VALUE! CALL. a r r  v ihv~r  from B C ~ O  1 iao w/ i cMrg4  DpJ, -O j ) 

AIw o m l o b l e  
M;~riv ,?i:c~.;snry t l rmi  q ~ i r ~ l ~ l v  for frco LIPS Surface d i ~ l ~ v r ~ r  y wrnout louchrone' ood 

q SALE! 
1C-7'51 

IC-27A* 
SUPER-COMPACT 
2 METER MOBILE 

An ~mportnnl lir~~.~hlllrnl!rlh 8r8  t 8 l r l l  l ~ ~ l I . l ( ~ n l  lion lunahl<. ~ 1 1 * ~ ! 7 ~ O r l r ~ S  

nan nmhtlr ~nij~nrnr.nt' Onlv 1 '  : . rnernnrv and hand scan I~rrofllv 

SALE! 
IC-971 A 

Today's most advanced Iransce~ver' The recelver sectlon 1s truly 
compel~l~on-grade prov~dlng general coverage. conllnuous lun- 
tng over the lOOkHz lo  30MHz range The lransmllter IS lull- 
featured. IS all mode. solld-slate. IC-751 alsocovers MARS and 
the new WARC frequencies. 1s AMTOR compatible 

A supertor-grade, qericral coverag? IOOkHz 10 30MHz recelver 
wlth such mr~oval~ve lealures as kryhoard frequency entry and 
w~reless remote conlrol (opt I Ideal lor world-wode communrca- 
l~ons Ihslenlng, has 32 programmable memory channels, dual 
VFO's and provides SSBIAMIRTTYICWIFM lop1 I recepllon 

6 March 1 s  Tell 'em vou saw ~t ~n HAM R A D I O !  

,7-* / _  1 ; - L .  ,-4 1C-L- 
2 METERS 100 WATTS 430-450MHz 75 WATTS 

ALL-MODE ALL-MODE 

CALL FOR YOUR SPECIAL PRICE 

51 hut lull I ~ a l u r ~ d  Inr ludlnq In srgn 1nclud~"imlc wllh 16 hutton 
trrnal speaker 25W 01 power IPn Touchlnn~ 

*IC-27H POWER 
AND IC-37A, 220MHz 

r c - 4 7 ~ .  ~ O C M  LOW PRICES. CALL! 



" - , - J- - I  tr' 

- I---- - A--- - re- - C) 

& ---T[a~c ~ , Y ~ J N ~  ~ ~ d : ~  
, . 
t.' , T /  ' {i ..-, 

I 
\ , \ " . I  & 

POWER SUPPLIES 

PRICEOF - ' 

R E ; .  ." c;npi: 
, ~ 

YOUR CHOICE OF 
TH-2lAT end HMC-1 

2 MTR HANDHELD MIKE HEADSET 
REG $229.99 REG.539.95 

ANT. TUNER 

PAY REG. PRICE OF 

, ~ E C : r / V ?  P H E E  AMPLIFIEI? 

IC-PAT HANDHELD 

REGULAR 
PRICE OF s599.95 

-'E,'EIVE GQEE B23S 2M No 2W 30W 5A $79 
8215 2M Yes 2W 150W 22A $259 

YOUR CHOICE OF 8108 ZM Yes IOW BOW TOA $159 

ANY 2 OF THE FOLLOWING 81016 2M Yes 10W 160W 20A $249 

PAY REG. PRICE OF 
1) VS-1 VOICE SYNTHESIZER 

$39.95 VALUE 

2) TU4-C SUB-AUDIBLE RECEIVE FREE 
IC-BP8 BATTERY $39.95 VALUE 

MOBILE ANTENNA ----- 

40'2 SECT. TUBULAR TOWER 

RECEIVE FREE 
55'3 SECT. TUBULAR TOWER 

PHONE HOURS: 9:30AM to 5:30PM PACIFIC TIME. 
STORE HOURS: lOAM to 5:30PM Mon,through Sat. 

ANAHEIM, CA 92801 OAKLAND. CA 94609 SAN DIEGO. CA 92123 
2620 W. La Palma. 

(714) 761-3033, (213) 860-2040. 
2811 Telegraph Ave., 5375 Kearnv Villa Road. 

(415) 451-5757. (619) 560-4900. - Belween Dtsneyland L Knolls Barry Farm. Highway 24 Downtown. Lall 27th 0"-ramp. Hoghway 183 and Clalremonl Mesa Boulevard. 

BURLINGAME, CA 94010 PHOENIX. AZ 85015 VAN NUYS, CA 91401 
999 Howard Ave. . 1702 W Camelback Road. 6265 Sepulveda Blvd. 
(415) 342.5757. (602) 242-3515, 1818) 988-2212 

5 miles soulh on 101 from San Franosco Airport. East ol  Hlghway 17. San Diego Freeway at Vnctory Boulevard 
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6 50 
YEA 

ElMAC celebrates its 50th Anniversary 
with an extensive line of 
FM Broadcast Cavity Amplifiers. 
Varian ElMAC celebrates 50 
years of service to the broad- 
cast industry with a spectrum of 
FM from a powerful 60 kW to a 
mini power150 W solid state IPA. 

The cost-effective path 
to a modem FM transmitter. 
No one knows more about 
broadcast tubes and cavities 
than EIMAC. Our strong cavity 
development capability reduces 
RF engineering problems. 
ElMAC cavities are inexpensive 
and simple to use. 

For more information call or 
write Varian ElMAC or contact 
any Varian Electron Device 
Group sales office worldwide. 

EIMAC FM BROADCAST CAVITY 
PRODUCT LINE 

4 c x 2 0 , m c  
4CX20,MX)A 
4CX12,OOOA 
4CX7500A 
4CX3500A 
3CX1500A7 
Solid State 

CAVITY 

Varian EIMAC 
301 Industrial Way 
San Carlos. California 94070 
Telephone: 415-592-1221 

Varian AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Telephone: 042.23 25 75 

ElMAC 1 UBE 

varian 

60 kW I CV-2230 1 4CX30.000G 
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SENATE SUPPORT FOR PRB-1, ARRL'S PETITION REQUESTING FCC PREEMPTION of state and 
local restriction of Amateur antennas and activities, is being sought by Senator Barry 
Goldwater, K7UGA. In his Senate Resolution 36 he states it is the "sense of the Senate" 
that the FCC affirm that state and local governments must not pass laws that "discriminate 
unreasonably among Amateur Radio Antennas . . ." or "have the effect of prohibiting or frus- 
trating the transmission or reception of Amateur Radio communications . . . . "  A parallel 
proposal, Senate Resolution 35, extends the same protection to TVRO satellite antennas. 

If The Senate Does Vote In Favor Of Resolution 36 it will provide a big boost for 
PRB-1, even though it is not binding on the FCC, Amateurs everywhere should contact their 
senators immediately to urge them to support Senate Resolution 36-and also Senate Bill 66, 
Goldwater's new bill making intentional interference to any radio service a federal crime. 

AMATEUR VHF/UHF FREQUENCY COORDINATION SHOULD BE A NATIONWIDE, organized effort, the 
FCC has proposed in a far-reaching NPRM that's just been released. An increasing number 
of requests from Atnateurs for FCC assistance in settling repeater conflicts, plus the gen- 
eral awareness that the problem will continue to worsen with ever-increasing VHF/UHF band 
usage, is behind the FCC's proposal. One example is the recent case of a New England 
repeater operator who sued another repeater group and the council that coordinated them 
on his machine's frequency. That conflict was resolved only with the intervention of top 
ARRL officials, and the second machine is now looking for another freauencv. 

Role Model For An Amateur Radio National ~oluntee; Coordinator is <he land mobile 
industry, where industry trade groups have set up a coordination effort that is highly 
respected and considered very erfective. For ~mateur Radio, the ARRL is the logical--if 
not the only-organization capable of taking on an effort of such magnitude. However, in 
the past the League has steadfastly maintained its distance from coordination efforts, 
limiting its involvement to band plan generation and publishing its repeater directory. In 
its 1985-86 Repeater Directory, however, the League does plan to indicate which repeaters 
are "coordinated" and which are not. The actual coordination has been done by state or 
regional councils or individual volunteer coordinators, with varying degrees of success. 

The Comment Period On The National Coordinator Proposal, designated PR Docket 85-22, 
has been made unusually long. Comments are not due until July 1, while Reply Comments 
can be submitted until Se~tember 30. 

The Midwest Meeting TO'D~SCUSS 20 kHz Spacing On 2 Meters' High End was considered 
very successful, despite record-breaking cold over the January 19-20 weekend. About 40 
people-representing Ohio, Indiana, Kentucky, Wisconsin, Ontario, and of course Michigan, 
whose decision to shift to 20 kHz next year had precipitated the meeting-were present. 
Tone of the ARRL-sponsored session was generally positive, but with little apparent enthus- 
iasm outside of Michigan for the change. The meeting lasted over five hours, and when it 
ended the Michigan representatives agreed to take the matter back to their council for 
further discussion. A followup rdeeting may take place at the Dayton Hamvention in April. 

Texas' Decision Whether Or Not To Adopt 20 kHz Spacin was expected at the February 16 
meeting of the Texas VHF FM Societv. Nebraska Coordinattr WABWRI re~orts his state is not 
considering a shift to 20 kHz spacing, contradicting ~ebruar~'~resstb . He also says - 
there's little support for a move in Iowa, and he expects it t d e d  down in Kansas. 

STIMULATING INTEREST IN AND GROWTH FOR AMATEUR RADIO was to be the subject of a closed, 
all-dav meetina Januarv 31 iust before the Miami Trobical Hamboree. Initial idea for the 
meetini came f;om ~ike'~amb: N7ML, of AEA, and it wa's picked up by many other Amateur 
Radio manufacturers, distributors, and publishers. Focus of the discussion was to be on 
how Amateur Radio, whose growth has stagnated in recent years, can be revitalized, and 
what can be done to make the ARRL's growth targets for the next few years possible. A 
report on this crucial meeting will appear in ham radio's April issue. 

A VEC NO LONGER HAS TO ADVISE THE FCC FIELD OFFICE OF FORTHCOMING EXAMS under an order 
adopted by the Commission in late January. It should be effective before this reaches 
print. Another rules relaxation to simplify VE paperwork. also adopted, is due shortly. 

The 30-Day Wait Before Taking A  ailed ~ x a m  M > ~ - B ~  ~ropped altogether under a ~otice 
of Proposed Rule Making released in January. The Commission's proposal, PR Docket 85-21, 
would Gemove the mandaEory delay from the exam rules; an applicant; if he wished and the 
VEs permitted, could retake a failed exam the same day he flunked it! The only limitation 
would be that the VEs would have to give him a different set of questions for the second 
attempt. In addition, under the proposed rules change a VEC could, if it wished, set a 
waiting period of its own choosing. 

Comments On PR Docket 85-21 Will Be Due About April 1, with Reply Comments two weeks 
later. (The exact dates had not yet been set at press time.) 

IMPLEMENTATION OF WARC CHANGES IN MICROWAVE AMATEUR BANDS have been proposed in yet 
another FCC NPRM. The most significant change in the proposal is probably the loss of 25 
MHz at the bottom of the 21-cm band, making it 1240-1300 MHz instead of 1215-1300 MHz. 

Comments On The WARC Microwave Implementation Proposal, PR Docket 85-23, will be due 
about the first of April. Reply Comments will be due in mid-April. 
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new trends in 
communication technologies: 

radio astronomy and 
the search for 

extraterrestrial intelligence 
"Man's first step toward maturity 

may be to contact life beyond the solar system." 
-Bernard M. Oliver 

1 all, if hams were to be the first to 
communicate with extraterrestrials, it 
wouldn't be the first time a major 

I scientific breakthrough had been made 
by hams - remember, not too long 
ago hams discovered the ionosphere.' 

For several years I have been con- I templating the construction of a 

I system that would allow the reception 

r : ,  "'"ru-,.. . . ?.,;I .,,I :, ' - j . , i . .  
L * . . .  . 8 I .. 4 :, I.:,:-, power times antenna gain) transmitter 

located approximately 25 light-years 
away. I prepared this article in order to 

I a comprehensive overview of recent 

fig. 1. This radio telescope - larger than three football fields - allows for the detection progress in radio astronomy (including 
of thousands of radio sources extending to distances of 10 billion light-years (1  light- SETI) and to assess what Amateurs 
year = 6 x 10'2 miles). (Photo courtesy of  Ohio State University Radio 0bsewatory.l can do with even limited resources. 

If you're l ook ing  f o r  a n e w  
technical challenge, you may find 
SETI, the Search for Extraterrestrial In- 
telligence, to be just the frontier you've 
been seeking. With today's microwave 
technology, it is possible to communi- 
cate anywhere within our galaxy. And 
although radio astronomy is still a 
relatively young science*, Amateur 
Radio operators have access to most 

'Unlike other events in science. the binh of radio 
astronomy can be traced precisely - to the early 15SB's 

of the state-of-the-art COmpOnentS when Carl B. Jamky. a Bell Telephone radio engineer, 

found in a professional radio astron- performed antenna noise studies for long-range com- 
munications at the wavelength of 14.6 meters. With 

with the possible excep- thew studies, Jamky proved that extraterrestrial radi- 
tion of the very large antennas. tion can be received. Jansky's experiments were tol- 

Because nobody knowswhat the first lowed, in the late 1930's, by Grote Reber. WSGFZ, an 
amateur astronomer who designed and built the finf 

extraterrestrial signal will be like, there parabolic radiot eles cv and perfom a of the 

is ample room for ham ingenuity. After galaxy at !he wavelength of 1.9 meten. 

By Cornell Drentea, WB3JZ0, 7140 Colorado Avenue North, 
Brooklyn Park, Minnesota 55429 
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fig. 1B. Block diagram of the Ohio State University radio telescope configured for SETI. The system covers an instantaneous bandwidth of 500 kHz through a bank of 50-channel 
IF filters at 10.7 MHz (individual filter bandwidth is 10 kHz). (Courtesy o f  Ohio State University Radio Observatory.) 
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fig. 2. Master map of an Ohio University radiometer search. Maps below illustrate details of two sections indicated above. 
(Courtesy of Ohio State University Radio Observatory.) 

12 March 1985 



+ 6 0  

t 5 0  

f 4 0  

f 3 0  . 
Z +PO 

Pj 
$ + I 0  

8 GO 
2 0 
T 
? ; -10 
D 

- 2 0  

- 3 0  

R I G H T  ASCENSION ( H R S I  

(GALACrIC C E N r E R l  

fig. 3. A map of the radio sky obtained with a simple amateur radiometer. Because of 
the antenna's low resolution. discrete radio sources appear as a set of signal gradient 
lines resembling a surveyor's map. 

conventional 
astronomy 

radio 

There are two current trends in radio 
astronomy. The first, and by far most 
popular, involves the study of wide- 
band noise generated by powerful 
sources within our galaxy or in other 
galaxies. The second, which occupies 
only a small fraction of the total activi- 
ty, employs extremely narrow band- 
width receivers designed for the detec- 
tion of intelligent monochromatic sig- 
nals in the microwave regions of the 
frequency spectrum where the level of 
intergalactic noise is lowest. 

Within the context of the first trend, 
it is relatively easy for an Amateur to 
build a radiometer receiver intended for 
casual observations of very strong 
radio sources. Because of the uniform 
distribution of wide-band noise over 
the receiver's bandwidth, no particular 
attention to local oscillator stability is 
required. There would likewise be no 
need for precise tuning to compensate 
for the Doppler shift in the incoming 
signals caused by Earth's rotation and 
by the relative motion between the 
observed celestial object and our own 
solar system. 

Professional radiometers employ 
giant steerable antenna arrays that 

allow for the detection of natural radio 
sources located at great distances 
from Earth. A continuum survey of the 
sky was made by the Ohio University 
Radio Observatory, using the installa- 
tion shown in fig. 1A and 1B. The 
receiver employed a liquid nitrogen- 
cooled parametric amplifier with a 
calculated system temperature of 95 
degrees K. The bandwidth was 8 MHz 
and the output was integrated over a 
10-second period. Concurrent record- 
ing was performed after processing the 
data through IBM 7094 and 1620 com- 
puters. The entire system was syn- 
chronized with a sidereal clock ac- 
curate to within 0.05 second. Results 
have been plotted in maps of the 
region surveyed as shown in fig. 2. In 
its search of almost the entire sky, 
from - 36 to + 63 degrees, the Ohio 
State project found 20,000 radio 
sources. 

While such performance cannot be 
duplicated by the backyard radio as- 
tronomer, remarkable results can be 
obtained with relatively modest installa- 
tions. An Amateur radiometer is usual- 
ly a high-gain VHFIUHF superhetero- 
dyne receiver that features simple am- 
plitude modulation detection followed 
by a DC amplifier equipped with an in- 

tegrator. The output transducer can 
take the form of a conventional chart 
recorder or some other measuring de- 
vice, or can be an analog-to-digital 
(AID) converter connected to a micro- 
computer using a dot matrix printer for 
the output. The format would be digi- 
tized flux samples (values from OV to 
9V) at, for example, I -second intervals 
printed out in 60-second columns for 
a total of 1 hour of information per 
page. With such a receiver and a multi- 
element beam antenna - and with 
considerable skill and patience - a 
serious Amateur can map the radio sky 
in a short time. 

The methodology employed involves 
pointing the antenna at a known celes- 
tial location and then relying on the 
Earth's rotation to bring in the various 
natural radio sources. This requires 
knowing celestial coordinates and 
times as well as converting the re- 
corded information and antenna posi- 
tion into the right ascension and de- 
clination values in order to plot the 
signal onto a celestial map that would 
resemble the actual sky (see fig. 3). 

A typical multi-element beam anten- 
na with a major lobe beamwidth bet- 
ween the half power points of approx- 
imately 30 degrees would allow a 
natural radio source to pass through its 
beam in approximately two hours (the 
apparent rate of movement of a celes- 
tial object is 15 degrees per hour at the 
equator). This in turn would be suffi- 
cient to allow for the reception of 
strong Milky Way sources such as 
Cygnus A, located approximately 500 
light-years away, and Cassiopeia A, 
located approximately 200 light-years 
away, regardless of the system's band- 
width or operating frequency. 

very-long-baseline 
interferometry (VLBI) 

In order to increase the resolution of 
a simple radiometer so that much 
smaller or more distant objects can be 
distinguished, increased antenna direc- 
tivity is required. This, in turn, dictates 
large physical installations, which are 
difficult and costly to build. To over- 
come this problem, a new kind of a re- 
ceiving system, the interferometer, 
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was developed. This system uses a 
pair of antennas and transmission lines 
separated by a specific horizontal dis- 
tance (i.e., the "baseline") extended 
to an even multiple of the operating 
wavelength, preferably more than fif- 
teen wavelengths. The system is usual- 
ly configured in an east-west orienta- 
tion. The idea is that a radio signal 
from a celestial source arrives at two 
antennas successively, in phase and 
out of phase, because of Doppler 
shifts caused by the Earth's rota- 
tion. If the two signals are combined 
through a zero-degree RF combiner, a 
fringe pattern of interference results, 
breaking up the large central antenna 
lobe into a variety of smaller ones. The 
longer the baseline, the narrower the 
lobe, or "aperture" (see fig. 4). 

Very-long-baseline interferometry 
(VLBI) is possible today through obser- 
vations made simultaneously by radio 

telescopes thousands of miles apart, 
with local oscillators and subsequent- 
ly recorded data synchronized within 
a fraction of a microsecond through 
the use of atomic clocks. This elimin- 
ates the need for running coaxial 
cables from the antenna sites to the 
central location for processing, and the 
result can be a beamwidth of 0.0001 
arc-second, which is far superior to op- 
tical telescopes previously used. For 
comparison, the 200-inch optical tele- 
scope on Palomar Mountain has a 
theoretical resolution of 0.023 arc- 
second. Yet because of the effects of 
atmospheric phenomena, its practical 
resolution is only about 1.0 arc-second. 
A block diagram of a VLBI system is 
shown in fig. 5. 

Using a special hybrid mapping 
technique and several radio telescopes 
located in California, Texas, West 
Virginia, Massachusetts, and West 

Germany, astronomers have recently 
made some exciting new discoveries. 
The first quasar (3C 147) ever observed 
with this method has been effectively 
mapped; it is located some seven 
billion light-years away. The resolution 
was in the order of 0.01 arc-second - 
a considerable improvement over the 
resolution of the Palomar optical tele- 
scope, which detects 3C 147 as no 
more than a faint star. The radio 
picture revealed a jet 5000 light-years 
long emanating from a bright core. 
Another quasar (3C 273) was observed 
with a resolution of 0.001 arc-second; 
its observation recorded matter being 
ejected from a bright core traveling at 
nearly the speed of light, a previously 
suspected phenomenon called super- 
luminalmotion. (Superluminal motion 
has been found in two additional 
quasars and in a distant galaxy as 
well. ) + 
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fig. 4. The principle of the radio interferometer telescope. At (A), the signal received by an antenna system peaks over 
a broad area of the sky. At (B), the signal received by interfering signals from each antenna peaks over a narrower area 
of the sky. 

b 
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Featuring - Superb Performance, Great Accuracy, Rugged Construction, 
Meticulous Quality, Incomparable Prices 

Resistance Substitution Box 3'12 Digit Multimeter 

In to 11 M f l  in lfl steps. 
2~1% accuracy. 
1 watt resistors. 
Size: 4" X 6 X 2 .  

MODEL RD-111 
$49.00 

30 ranges. 8 functions. full overload protection. 
10 Amperes AC and DC ranges. 
Super fast continuity beeper (<0.4 sec, response). 
Diode test plus transistor hFE. 
Large bold 'h" LCD readout with low battery indicator. 
Complete with test leads, battery and spare fuse. 
Optional carrying case CC531. $9.90; transistor test 
extension leads UP-1 1. $4.50. 

MODEL 8050 
$76.50 

20k OhmIV VOM 20 MHz Dual Trace Oscilloscope 

Measures ACIDCvolts, resistance, decibels. 
capacitance, battery test and continuity buz- 
zer, also temperature scale with optional 
temperature probe TP-150 for $19.50. 
10 ampere DC range. 
Size: 3'h" X 5%" X 1 'h". 

MODEL SX-220 
$29.95 

with Component Tester 

5 mV to 20V on 12 ranges. 
20 sweep ranges from 0.2 ps to 
0.5 sldiv plus X5 mag. 
Built-in component tester. Ideal for 
trouble-shooting in cold circuits. 
Complete with 2 probes, spare fuse. 

MODEL MS-6022 
$599.00 

DC Power Supply Auto-Ranging AC Clamp Tester 

Fully regulated 0 to 25V and 0 to 1.5A. 
LED 3 digit readout. 
Size: 6'/." X 4%" X 13'h". 
Other units 0 to 36V at 0 to 3A. 
Duals, triples also available. 

MODEL 7400 
$235.00 

Measures 0.1A to 1000A; 0.1 VAC to 1000 
VAC; res~stance. 0.161 to 2 kfl. 
3'h digit LCD readout. 
Has data hold switch, continuity beeper. 
Model 2210 with 'temp. meas. $110.00. 
Model 2220 with temp. meas. and peak hold 
$135.00. 
Complete with carrying case, probes and 
battery. 

MODEL 2200 
$85.00 

3% Digit Bench Multimeter Auto/Manual Ranging 150 MHz Frequency Counter 

Measures DC volts 0.1 mV to ,,- r- ,. - . ,-, 
IOOOV: ACV. 1 mV to 100OV: ,m--T-=7---+ Measures 5 Hz to 150 MHz on 2 
resistance. 0.161 to 20 MI): ;9,9g 0.   do^ ranges: sensitivity. 30 mV. 
DCA. 0.1 pA to 10A: ACA. Crystal frequency 3.2768 MHz. 
0.1 ,A to lOA; diode test, with Accuracy atO.O1 sec 100 PPM +1 dgt. 
continuity beeper. 
Supplied with batteries, test - Battery portable or AC optional. 

C Size: 1%" X 4 X 4%". 
leads, spare fuse. 
ACadaptor Model Ma-62avail- 
able separately for $12.00. MODEL 5030 MODEL FC-845 
Size: 2'4" X 7%" X 7'/s". $169.00 $149.00 

All pricesshown are for 1 to 3 pieces of a type. Discounts areavailable for larger quantities. All modelsshown and over 70other SOAR manufacturec 
instruments are available from selected distributors in the USA. 

JAPAN 
SOAR CORP. 

Sakaki Machi. Nagano. Pref 
Phone (02688) 2-4191 

NORTH 1126 CORNELL AVENUE 
CHERRY HILL, NJ 08002 

AMERICAN PHONE ( ~ 9 )  488-1060 
EUROPE 

SOAR EUROPA 
Munch. W. Germany 
Phone (089) 6097094 

SINGAPORE 
SOAR ELECTRONICS 

Singapore Pte. Lt. 
Phone 77961 11 

CANADA 
WATERGLOW 

Montreal. Quebec 
Phone 514-389-8051 



Although it is impossible for a Radio 
Amateur to perform such high resolu- 
tion experiments, simple backyard in- 
terferometers can provide beamwidths 
as narrow as five degrees, depending 
upon the frequency of operation and 
the length of the baseline. (See fig 6.) 

CELES TIAL RADIATION CELESTIAL RAOIATON 

ANTENNA ANTENNA 

the search for intelligence 
So far we have discussed only one 

aspect of radio astronomy, that of re- 
ceiving and studying wide-band radio 
noise from non-intelligent sources lo- 
cated hundreds and even thousands 
of light-years away. The powerful 
nuclear reactions within these systems 
result in natural transmissions of formi- 
dable amounts of RF power to be 
detected by our rather primitive radio 
equipment. 

We will now turn not to the proba- 
bility of life elsewhere - the subject 
has already been discussed in great 
detail - but to the possibility of receiv- 
ing intelligent transmissions (see fig. 
7). Assume that extraterrestrial life ex- 
ists. Assume also that the only reason 
we haven't yet discovered extrater- 
restrial life is because radio technology 
has only recently matured sufficiently 
to allow low noise amplifiers and high 
resolution microwave synthesizers to 
be used. 

To make the best possible effort in 
searching for extraterrestrial signals, 
we would have to cover the micro- 
wave frequency range between 109 to 
101° Hz (1-10 GHz) in narrow steps of, 
say, 1 Hz. (Ultra-narrow bandwidths 
are necessary to obtain the best signal- 
to-noise ratios in SETI.) This means 
9 x 109 steps. If we would spend one 
second per frequency step, and search 
with one thousand frequencies at 
once, thereby reducing the number of 
steps to 9 x 106, it would take 
approximately three months to search 
the sky in a single direction. The other 
condition f ~ r  our nearly ideal search 
would be very narrow antenna beam- 
widths. If our radio telescope would 
allow a resolution of three million dif- 
ferent directions, an all-sky, all-fre- 
quency search within the above para- 
meters would be completed in approxi- 

RADIO-FREOUENCY RADIO- FREQUENCY 

N 

S 

fig. 6. Higher [but still low) resolution mapping of the radio sky than in the case of sim- 
ple radiometry can be obtained with narrower beamwidth antennas as in the case of 
amateur interferometry. 

r 
LOCAL LOCAL 

OSCILLATOR OSCILLATOR 

TAPE RECOROERS 

ATOMIC ATOMIC * 

919- 
CLOCK 

CORRELATOR 

I 
'vw\r 

INTERFERENCE FRINGE PATTERN 

fig. 5. Very-long-baseline interferometry (VLBI) eliminates the need for the antennas to 
be (hard) connected to a single receiver. Atomic clocks allow the synchronization of 
separate local oscillators at all locations to a fraction of a microsecond. The final cor- 
relation of the data is achieved later at a central processor by playing back and syn- 
chronizing the wide-band video informetion. 

INTERMEDIATE FREOUENCY 

March 1986 17 



ELECTRO- SCA 
The most 

trouble free 
Dish Positioner on 
the market today. 

Features 
Economical 
Lock and Key 
36 volt DC motor 
Precise positioning 
Analog Micro Systems 
1 year limited warranty 
State-of-the-art circuitry 
LED to indicate dish movement 
Available in 18" or 24" ball actuators 
Modern, attractively styled control box 
Dial control always showing dish location 

*Oial.ch&nels same:as:tn program IistiaQs, 
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fig. 8. The logarithmic relationship be- 
tween sky noise temperature expressed 
in degrees Kelvin and equivalent system 
noise figure expressed in decibels (dB). 

mately ten million years - a rather im- 
practical proposition for any mortal. 
We have to reduce the scope of our 
search, therefore, to match our time 
and technological limitations. Let's 
look at some of these limitations. 

We can expect that in comparison 
with the natural RF sources previously 
discussed, intelligent signals trans- 
mitted from outer space would be of 
much lower power levels. Low power, 
in this case, could mean extraterrestrial 
transmitters of powers comparable to 
our strongest transmitters - one Giga- 
watt ElRP or more. Consequently, a 
terrestrial system intended for receiv- 
ing these signals would have to oper- 
ate against a quiet background so 
that its range would be limited only 
by its own noise figure, which should 
be no greater than the intergalactic 
noise level present at its antenna. See 
fig. 8.) 

Although "intelligent" transmitters 
could be expected at almost any mi- 
crowave frequency, radio astronomers 
have found a quiet range in the fre- 
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fig. 9. The "water hole" window provides the best overall noise performance for receiv- 
ing intelligent transmissions from outer space. This frequency band has been suggested 
by astronomers as a possible radio meeting point for extraterrestrial civilizations which 
base their existence on water (see text). 
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quency spectrum that would be ideal 
for communication with civilizations 
attempting to communicate with us by 
radio. (This judgment is based upon 
our limited idea of what life is. It does 
not extend to other possibilities such 
as life forms based on elements other 
than carbon.) 

Located between 1.4 GHz and 1.7 
GHz, this area of the spectrum is the 
"water hole" frequency range. It exhib- 
its a noise temperature of 6 to 8 de- 
grees K (3 to 5 degrees K measured in 
space). This temperature would allow 
a I-Gigawatt ElRP transmitter located 
approximately 26 light-years away to 
be heard with a modest backyard SET1 
radio telescope. (See fig. 9.) 

The term "water hole" was sug- 
gested by the existence of two natural 
frequencies at each end of the band. 
Interest in persuing this concept was 
triggered in 1959 with the publication, 
in Nature, of a paper by Guiseppe 
Cocconi and Philip Morrison entitled 
"Searching for Interstellar Communica- 
tions." Cocconi and Morrison pointed 
out the importance of radiation from 
hydrogen atoms reaching the Earth at 
an ideal spot on the frequency spec- 
trum which coincides with the mini- 
mum background noise. At 1.42 GHz 
there is a natural radio beacon caused 
by interstellar hydrogen (HI; another 
natural beacon exists at 1.66 GHz. This 
one is caused by hydroxyl (OH) ions 
traveling in space. When chemically 
combined on Earth, the two produce 
water (H20) - thus the terminology 
"water hole." Because hydrogen is the 
simplest, most abundant element in 
the universe, and because water is one 

- - - - - - - :qp+ 
- I  

fig. 10. The concept of information ob- 
tained at the output of a circularly 
polarized, sense-switched receiver 
which is responding to a hypothetical 
binary circular polarization modulated 
signal and using a single frequency. 



of the basic requirements of life as we 
know it, this frequency range has been 
favored by scientists as the "magic" 
band for interstellar communications. 
The concept of the water hole as- 
sumes two things: first, that all life in 
the universe is a function of water, and 
second, that any extraterrestrial civili- 
zation attempting to communicate 
with us would select this frequency 
band for the same reasons we did. 

One important factor in receiving in- 
telligent transmissions would be the 
signaling protocol and the rate of 
transmission used by the sending civil- 
ization and consequently the modula- 
tion scheme. If we may judge by our 
own experience, it is reasonable to 
assume that the sender would choose 
a simple two-state binary signaling 
scheme that could be modulated slow- 
ly (and therefore compatible with sig- 
nal-to-noise bandwidth requirements) 
in one of four modulation schemes: 
amplitude, frequency, phase, and 
polarization. 

A careful analysis of these modula- 
tion techniques indicates that the first 
three would be difficult to receive. If 
amplitude modulation were used, a 
binary "1" would be detected as the 
transmitter would be turned on. How- 
ever, positive identification of the 
reverse state (i.e., 0) would be less 
probable because there would be no 
signal to reveal this information. While 
this method is acceptable in casual CW 
signaling, anti-cryptographic studies 
indicate that information would be lost 
if such a method were used (a true - 1 
state would be required for positive 
identification). 

Two distinct binary states could be 
obtained with conventional frequency 
shift keying. However, the introduc- 
tion of a new element - the second 
frequency - would make the search 
more difficult in view of the narrow 
bandwidths used. While phase modu- 
lation is a superior method for carry- 
ing data communication in that it re- 
quires only half the signal-to-noise 
ratio of the other modulation schemes 
for the same amount of information, 
it is thought to be the least likely to be 
used in searching for unknown signals. 

The most likely method of radio 
communication that might be used by 
an extraterrestrial civilization is binary 
antenna polarization modulation using 
the same frequency. By properly 
changing between two orthogonal 
polarizations such as two perpen- 
dicular linear polarizations, or between 
left and right circular polarizations, the 
two binary states could be transmitted 
on the same frequency by switching 
the transmitter's output as shown in 
fig. 10. This in turn would allow for 
reversely polarized receiving antenna 
arrays on earth to receive the binary in- 
formation and process it through two 
distinctive radio receivers as shown in 
fig. 11 - or one receiver that would 
switch between two properly polarized 
antennas. Most searches for intelligent 
signals to date have been performed 
in the water hole frequency range 
using the latter method. 

designing receivers 
Over the past few years several 

methods have been suggested for 
receiving ETI signals. One technique 
- based on the "pulse" theory - 
stands a good chance of acceptance 
and is of interest to Amateurs because 
it requires simpler receiving equipment 
than other methods. This technique 
assumes the transmission of high 
power pulses of one second or longer 
in a digital binary format, as previous- 
ly discussed. This concept makes 
sense because the average power 
available from a hypothetical extra- 
terrestrial transmitter would probably 
be limited hy thermal inefficiencies. 
(Although the topic is debatable, we 
assume that extraterrestrials would 
have technological problems similar to 
ours.) Much more peak power could 
be obtained from pulsed binary 
transmitters, which can overcome the 
noise figure limitations of target 
receivers and can be spread over 
relatively wider bandwidths so that 
complicated Doppler corrections 
would be minimized. Pulse receivers 
with ultimate bandwidths of up to 10 
kHz have been used in the "magic" 
frequency range. 

On the other hand, recent experi- 

ments favor the very narrow band- 
widthlbeamwidth beacon approach 
because of the superior signal-to-noise 
ratio obtainable. Using this concept, 
powerful beacons would be directed at 
the solar system chosen as an ap- 
propriate "target" by the sending civili- 
zation. The signal would be trans- 
mitted frequency-corrected so that it 
would be received on earth near the 
laboratory neutral hydrogen-line fre- 
quency (1.42 GHz121 cm), thereby 
simplifying our search. The correction 
would include the source's Doppler 
shift and the frequency shift caused by 
the radial velocity of our sun, known 
by the sender from long-term astro- 
nomical observations of our solar 
system. 

A terrestrial receiver would be equip- 
ped with multiple ultra-narrowband IF 
filters. The theoretical minimum band- 
width for interstellar communications 
has been recently calculated by Drake 
and he lo^^.^, who indicate that its 
limit is determined by the effects of the 
multipath scattering phenomenon re- 
sulting from turbulent ionized gases - 
the same effect that causes pulsar 
scintillation. Consequently, a pure car- 
rier in the water hole will have a 
tendency to be wider at the arrival 
point than its originated bandwidth, 
say 0.01 Hz, after traveling 100 Parsecs 
(1 Parsec = 3.26 light-years). This can 
be important in the selection of band- 
width set as the limitation for practical 
filter design in SET1 receivers. 

Ultra-narrowband searches have 
been conducted at the Arecibo Ob- 
servatory and at Harvard University by 
a ham radio operator, Professor Paul 
Horowitz, W1 HFA. In 1978 Horowitz 
observed nearly 200 nearby stars simi- 
lar to our sun at the 21-cm neutral 
hydrogen line wavelength by using 
the observatory's 305-meter dish (see 
fig. 12). The receiver (figs. 13A, B, 
and C) used a dual circular polarization 
feed which gave an effective antenna 
area of 22,000-m2 (with 68-dB gain). 
The overall system temperature was 80 
degrees K. 

As shown in fig. 130 parametric 
amplifiers were used for the front end 
(new GaAs FET amplifiers have since 
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EQUIPMENT 
<ENWOOD R-I1 . . . . . . . . . . . . .  .SPECIAL.. . . . . . . . . . .  .69.96 
KENWOOD -We have all the KENWOOD line In stock. 
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IR-2600iHT. TH-2IAT mini HT. TH-4IAT 70 crn mlni HT. 
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ANTENNAS 
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AEA ISOPOLE 144 39 95 
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MOSLEY TA 33M 
MOSLEY PRO 37 
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,USHCRAFT A147 11 49 95 
A147 4 29 95 
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AOPI complete OSCAR Antenno 149 95 

40M 2 2 el 40 mtr 298 95 
2M 13LBA 79 95 
2M 22C 11995 
2M 14C 87 95 
KLM IS always In stock large selection of HF VHF UHF 
& WORLD CLASS CALL 
GUY CABLE regular & E H S CALL 
ROHN TOWER 
FK 2548 48 fl w~th guy bracket rotor shelf eave bracket 
& M200H mast 999 00 
GENUINE ROHN ACCESSORIES CALL 
SURPLUS 
CDE DPDT RELAY 10 amp NEW 5 00 
2 5N1000 PIV epoxy dlode 19 001100 
Rm 
We stock AEA HAL KANTRONICS & MFJ 
Call wlth your requirements 
POLICIES MASTERCARD VISA COD 
All prlces FOB Houston TX except as noted Prtces sub 
lect to change wlthout notlca subject to prlor sale Used 
gear sale prlce refunded 11 not sotlsf~ed Texas residents 
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been installed) along with a dual con- 
version scheme having a first IF at 260 
MHz and a second IF at 30 MHz. 
Crystal filters with bandwidths of 5 kHz 
were present in the second IF, fol- 
lowed by IF amplifiers. The final con- 
version to  the sine and cosine base- 
bands was achieved with a 30-MHz 
third oscillator. All local oscillators in 
the system were synthesized with a 
final resolution of 0.01 Hz and a short- 

spectrum with the instantaneous reso- 
lution of 0.015Hz per bin (compatible 
with minimum theoretical bandwidth 
discussed earlier) took about 15 
seconds. 

In the observations, it was assumed 
that a true celestial signal would have 
already been frequency-compensated 
for Doppler by the originating civiliza- 
tion. This included the sender's own 
velocity and the radial velocity of our 

solar system as observed by the 
sender, but not the residual Doppler 
resulting from the Earth's own rotation 
(not known to sender), which can shift 
such a signal through another 0.15 Hz 
of bandwidth at 1.5 GHz. This correc- 
tion was implemented in the receiver's 
synthesized local oscillators (first LO 
and third LO) which were swept via 
real-time computer control - that 
is, the local oscillator was updated 
several thousand times during each 
observation. The synthesizer control 
mechanism set the first LO frequency 
at the beginning of each observation 
so that the third LO began at 30 MHz; 
the third LO was then updated at 
20-millisecond intervals by computing 
frequency offsets in real time ac- 
cording to a polynomial algorithm 
which approximated the Earth's veloci- 
ty according to data obtained from 
the Lincoln Laboratory planetary 
ephemeris. 

One positive side effect resulting 
from this frequency sweeping through 
the ultranarrow bandwidths of the 
receiver was that earth-generated in- 
terference (which is generally not fre- 
quency swept) is completely rejected 
by the system. This was confirmed 

fig. 12A. Overview of the Arecibo Observatory, where in 1978, Paul Horowitz. WlHFA, the search by the absence 
observed nearly 200 nearby stars similar to our own sun at the 21-cm neutral hydrogen line of false a h n s .  
wavelength. (Photo courtesy o f  College o f  St. Thomas, St. Paul, Minnesota.) The Arecibo experiments revealed 

no evidence o f  ETI: Today the search 

term stability of A f l f  = 5 x 10-12 
provided by h rubidium-referenced 
clock. 

The quadrature baseband signals 
were then filtered by four-pole Butter- 
worth low-pass tunable filters which 
were sampled under computer control 
with an analog multiplexer and 12-bit 
analog-to-digital converters. A single 
observation consisted of 64-K (65,536) 
complex samples at 1 millisecond inter- 
vals from each of two polarizations. 
The samples were digitized and re- 
corded in real time onto nine-track 
digital magnetic tape for follow-up 
processing, which included a fast 
Fourier transform (FFT) on the quadra- 
ture signals.' A complete 64-K com- 
plex FFT and computation of power 

'FFT is usually used lo break down complex waves. 

1937 + 214 14 NOV 82 1412 MHz 
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1- 9216 psec -1 
fig. 12B. Pulsar profile PSR 1937+214, discovered at Arecibo in 1982, measures only 3 
miles across but releases 10 to  100 million times the energy of the Sun. Rotating around 
its gravitational axis at 642 revolutions per second, it pulses at 1.558-millisecond inter- 
vals; each pulse consists of two signal peaks or flashes of radio energy streaming out 
from its magnetic poles. Pulsars were first thought to  be of intelligent origin because 
of their precise repetition rate. A t  Cambridge University in 1967, a signal was recorded 
at 1.33130second intervals. Codenamed LGM - "Little Green Men" - it was later proved 
to be the first known pulsating neutron star. or pulsar. (Courtesy o f  Arecibo Observatory, 
part o f  the National Astronomy end Ionospheric Center operated b y  Cornell University 
under contract with the National Science Foundation.) 
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fig. 13A. Inside the carriage house of the 
Arecibo Observatory - suspended above 
the 1000-foot dish - engineer Bob Zimmer- 
man, NWB, proudly displays the new dual- 
channel 18-cm receiver front end (left and 
right circular polarizations). (Photo courtesy 
o f  Arecibo Observatory. I 

continues with a special receiver in 
operation at the Planetary Society1 
S A I l H a ~ a r d  project "Sentinel" as 
shown in fig. 14. This system matches 
the natural minimum bandwidth dis- 
cussed earlier by also resolving the in- 
put bandwidth into 64K (65,536) com- 
plex frequency bins of 0.03 Hz each. 
The 84-foot radiotelescope is equipped 
with two dual-circularly polarized feed- 
horns (5 bands) connected to two re- 
ceivers. The front end consists of two 
identical 35-dB gain, 55 degrees K (un- 
cooled), 10 degrees K (cooled) GaAs 
FET preamplifiers operating in the 
waterhole frequency band. (Other fre- 
quencies can be tuned.) 

The receiver uses a conventional 

fig. 138. The antenna feed passes through the floor of the carriage house and is focused 
in the dish, 430 feet 1131.06 meters) below. The temperature inside the metal dome is held 
at 80 degrees Kelvin with liquid nitrogen in order to reduce the noise temperature of the 
front end. (Photo courtesy o f  College o f  St. Thomas, St. Paul, Minnesota.) 

fig. 13C. The receiver room at Arecibo Observatory. The equipment contains oscillators, 
HP synthesizers. Rubidium standards, detectors, amplifiers. A ID converters - just about 
any electronic device needed by an astrophysicist. About200 hours per year are dedicated 
to  SETI. Searches have been made of approximately 1000 nearby stars at the Water Hole 
frequency. (Photo courtesy o f  Arecibo Observatory.) 

single conversion scheme with an IF building via low-loss rigid coaxial 
of 30 MHz. Image rejection mixers, cables. As in the case of Arecibo, the 
broadband IF amplifiers and filters are back end is responsible for sweeping 
used in conjunction with a computer- through the 30 MHz IF to compensate 
controlled synthesizer. The 30 MHz IF for the Doppler shift caused by the 
signals are then sent to the back end Earth's rotation. The result is a 
of the receiver, located in the control quadrature baseband combination of 
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signals which is further filtered through 
6-pole low-pass anti-aliasing filters. 
The control computer updates the LO 
40 times per second based on an 
ephemeris table calculated at the 
beginning of each run. Sample-and- 
hold amplifiers and &bit analog-to- 
digital (AID) converters are used to 
feed the FFT processors via interrupt- 
driven parallel ports. 

Although the Harvard installation 
surpasses, by at least an order of 
magnitude, the combined efforts of all 
previous SET1 (in terms of system sen- 
sitivity, the number of sky positions 
observed, and the number of concur- 
rent channels), scientists feel that the 
search should be expanded in frequen- 
cy by a factor of at least 100. 

This would mean increasing the 
present 64-K channels used in each of 
two polarizations to about 8.4 million 
channels of 0.05-Hz resolution, thus 
increasing the probability of intercept 
(POI) by a factor of 100. Consequent- 
ly, the instantaneous bandwidth would 
increase from the present 2 kHz to 420 
kHz. Although this would be quite an 
improvement, it would still be in- 
sufficient to cover the 300-MHz band- 
width of the water hole at once. An all- 

sky water hole search with the new 
receiver would still require 1200 instan- 
taneous bandwidths of 420 kHz times 
the number of sky locations. 

Because no receiving system can 
cover the entire sky at all frequen- 
cies at once, much more work remains 
to be done in SETI, and while omni- 
directional wideband pulses have been 
suggested as a SET1 method, the 
narrowband beacon concept gives 
superior SIN ratios not achievable 
otherwise. On the other hand, Doppler 
corrections associated with the beacon 
approach, which would require hard- 
to-design high-resolution microwave 
synthesizers, make the pulse concept 
attractive at least for the Radio 
Amateur. New methods of observing 
many RF sources simultaneously using 
Bragg-Cell technology have been sug- 
gested. However, the relatively wide 
channel bandwidth produced by to- 
day's Bragg technology, combined 
with the low receiver dynamic range, 
limits the applicability of this 
technology. 

We have looked at several radio 
astronomy systems, from a simple 
radiometer to the ultra-narrowband 
receivers used by professional radio 

astronomers. Although this article is 
not intended as a construction paper 
(ample details are provided in the 
references), some elements of design 
should be considered before a system 
approach is chosen. The block dia- 
gram shown in fig. 15 shows an 
economical approach to designing an 
Amateur Radio astronomy center oper- 
ating in the water hole frequency 
band. It could be used as a wideband 
radiometer, an interferometer, or as a 
tunable narrowband receiver intended 
for the reception of pulses if care is 
taken in providing short-term stability 
for the local oscillators along with 
narrowband filtering in a third 
conversion. 

This system would consist of a two- 
stage GaAs FET preamplifier with a 
low noise figure. Several designs have 
been recently published in the litera- 
ture. The expected gain from such 
amplifiers is typically in the 30 dB range 
or better. This would be sufficient to 
overcome the high noise figure of the 
following mixer (7 dB). Recent designs 
using the Mitsubishi MGF 1412-11-09 
and MGF-1412-11-10 GaAs FET tran- 
sistors claim noise figures of about 0.5 
dB (35 degrees KI. Older designs pro- 
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fig. 13D. Block diagram of the Arecibo system as used for SET1 in 1978 by Professor Paul Horowitz (WINFA). Frequency 
sweeping of the local oscillators was used to compensate for Doppler shifts caused by the earth's rotation. (See text). 
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HF, VHF, UHF, SSB, 
FM, RTTY, PACKET, 
CW, ASCII & AMTOR 

rtl 2; 
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IC-02AT HANDHELD 

The IC-O2AT 2-meter LCD 
readout handheld features 10 
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8 4 ' 1 2 5 . 6  M I  CASSEGRAIN 
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fig. 14. Block diagram of the Ultra-Narrowband SET1 receiver used at Haward University. The system uses an 84-foot (25.6 meter) equatorial 
radiotelescope with a single conversion dual polarization receiver intended for processing left and right circular polarizations at the same time. 
(Courtesy of Harvard University Physics Department.) 
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WITH PRIVATE PATCH I1  YOU SPEND 
YOUR TlME COMMUNICATING.. . 
NOT WAITING TO TAKE CONTROL 

PRIVATE PATCH II allows communications to pro- 
ceed back and forth as rapidly as on a telephone. 
There is no waiting for sampling circuits to acquire 
each time the mobile transmits. 

TUF SMARTER AUTOPATCH 

e PRIVATE PATCH II VOX system offers a substantial improve 
Pnt over sampling autopatches in time spent waiting for control! 
AMPLE: Suppose you made 10 phone calls - 9 completed, 1 
sy - assume the completed calls average 20 talk exchanges 
ch, 180 total. 
lu would spend 360 seconds (6 minutes!) waiting for control if 
u were using a sampling patch that samples every two seconds 
I0 waits x 2 seconds = 360 seconds). It is a severe incon- 
nience to have to press the button for a seeming eternity before 
u can be heard on each and every mobile reply. 

l;lE 
vei 
YO 

i 
i 

- . . . .  i t < -  , 
AEROSPACE LEVEL QUALITY 

Wi 
all 
sel 
r n r  

th PRIVATE PATCH II there is no lost time waiting for control on 
9 completed calls. However, the busy call would cause a 15 

cond wait for the control interrupt timer to return control to the 
>hilo 

SUMMARY 
CONTROL WARS T I M E  W A I ~ ~ O  

vate Patch II 
mpling 

1 15 seconds 
180 6 minutes 

he sampling patch has a circuit that "slows the sample rate 
en telephone audio is present," the speed of acquisition is 
~de even slower. The wait time increases, and the phone party 
i say perhaps 25 or more words before they can be cut off. 

. . ." 
car 

'EATU F 

HY LAND MOBILE PROFESSIONALS AVOID )(free ID chip) Selectable toll= U! p u ~  dlalinll - uauI pnV 

\MPLlNG PATCHES.. . able toll restrict Five digit access code Ringback (reverst 
Busy channel ringback inhibit (will not transmit on top o 

te) Threelsix minute "timeaut" timer is resettable from tht e majority of radios on the market (especially synthesized and 
,,,vu,,n . Modular phone jack and seven foot cord . Available ir 

relay switched types) do not TIR quickly enough to give accep VDC or 115 VAC version 
table results. Often engineering level modifications are required 
to improve TIR response time. 

ALSO 
fl 14 day return privilege - when ordered fa 

The slower the TIR response time, the longer the sample must v One year warranty - compare to their six monrns. 
last. And of course no telephone audio is heard during the sam- 
ple. Just nolse. The result is lost words and syllables which are CONTACT A LOCAL DEALER 

- b Y V  I L  

grammi 
patch) 1 

someor 
...,.b.i,.. 

ctory dire' ct. 

TODAY 
..."-- - ..-. proportional to TIR response. 

Acquiring and maintaining control (in order to communicate) 
becomes erratic when the mobile is less than full quieting. This 
causes a severe loss of range. 
The base station radio can not be equipped with a linear 
amplifier, and operation through repeaters (that have hangtime) 
is not possible with a noise sampled patch. 

AMATEUR ELECTRONIC WPPLV HAM RADIO OUTLC: 
M ~ I w ~ u I w  WI, Wlchlllle On. Anahelm CA, Burl 
Orlando FI. C l ~ w a l s r  F L  Oahland CA. Phot 
La% vroas N V  San Dl-0 CA Va 

".,n=a =&.zb,"""- 
Ft LB~derdsle Mtsml FL 

NLG MSTRlBUTlNO CORP. 
Mmml FL 

PACE ENOlNEERlNO 
T"C.0" AI 

THE HAM sur- 
Eran,rllle 

CANADA 
DOLLARD EL 

"a<,, ""Ye,. 

o'nwma U. 
,"I. AZ 
n Nuys CA 

hmhelm CA. 

- -- 
CLA ROBERTS INC. HENRY RADIO 

Tnrrrn?" CII In=. Annrlrr  CA 1 - - .  - 
COLES COMMUNICAlIONS Buitsr Bo - ' 

San Anfonto TX JUNS ELECTRONIC 
ERICKSON COMMUNICATIONS CUIVer '"y '' 

Chlc.lgo IL MIAMI RADIO CENl 
Mllm FL 

S 
tne N V  
'ER CORP. 

VOX autopatches overcome each of these shortcomings. In fact, 
nearly all simplex patches sold in commercial service are the 
VOX type. 
Could these be some of the reasons that the competition refers 
to their VOX patch as "our favorlte commercial simplex patch"? 
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SYSTEMS 
INCORPORATED 

FORGET AMATEUR GRADE SAMPLING AND STEP UP TO A 23731 MADISON ST., TORRANCE, CA 90505 
COMMERCIAL GRADE PATCH. PRIVATE PATCH II! PHONE: (213) 373-6803 
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vide noise figures in the 0.8 dB (58 
degrees K)  range with about the same 
gain. Stripline approaches on G-10 
material or open frame designs have 
been extensively covered in the refer- 
ence material at the end of this article 
along with simple rat-race mixers in- 
tended for 1.296 GHz or 2.3 GHz. 
(Mixers can also be purchased from a 
variety of manufacturers.) 

Our receiver would use the first 
mixer in conjunction with a fixed 
phased-locked loop or multiple chain 
synthesizer at 2.170 GHz. (Such de- 
signs are popular in satellite converters 
and other devices.) The first IF would 
be purposely chosen to fall in the UHF 
range where an inexpensive varactor- 
type TV-tuner could be used as a 
second tunable IF over the entire water 
hole frequency of 300 MHz. The part 
investigated was a Mitsumi UES-A 
56F, which is marketed by several 
companies, including Radio Shack. 
This tunable converter exhibited a total 
noise figure of about 6 dB and 15 dB 
of gain, with an acceptable short-term 
stability at room temperature compati- 
ble with an ultimate bandwidth of 10 

FRONT E N 0  BACK END 

+ 2 5  dB 
VARACTOR TUNED 

kHz (care should be exercised to pro- 
vide isolation of this unit from the front 
end because harmonics of local oscilla- 
tor fall in the input range of the 
receiver).The tests were performed 
with a precision power supply having 
a range of 0 to 28 volts. If only a 
radiometer is contemplated, the phase- 
locked first LO is not mandatory and 

, - _  
I 
1 

the control voltage applied to the 
second converter should be chosen 
about halfway on the voltage curve 
and should be double regulated. 

The UHF converter provides a TV- 
compatible IF, centered at 44.5 MHz, 
with a bandwidth of 6.5 MHz. This 
output could be used directly with a 
modified high-gain TV-IF with the 

UHF TV TUNER 

- _ - - _ - _ - _ - - -  - - - -  
- - I  

- - - - - - - - - - - - - - - - - - 
1 

I 
I I 
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fig. 16. Schematic diagram of a simple AID interface for a radio telescope. No addi- 
tional parts are needed to perform consecutive readings; the information can be printed 
out as relative flux data by a dot-matrix printer directly from the microcomputer. 
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fig. 15. Block diagram of an economical amateur radio astronomy receiver. 
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the candidate stars: 
which stars might support life? 

Although our knowledge is limited, 
it appears that the universe is ex- 
panding - that is, the galaxies are 
moving apart from each other. This 
movement suggests a "time of 
beginning" in a cycle (known as the 
"big bang" event) that began with an 
explosive fireball of matter inside a 
huge black hole with no conceivable 
limits some fifteen billion years ago. 

Certain stars of various sizes 
'evolved from the cold gas of a 

previous cycle; these are now in their 
"main sequence," but approaching 
a "finale" as shown in fig. A. 
Depending on their mass and tem- 
peratures, they are classified by let- 
ters, with the hottest designated by 
the letter 0, and followed in descen- 
ding order by other spectral types 
such as B, A, F, G, K, and M. In the 
search for extraterrestrial intelligence 
only type F, G, and K stars are of in- 
terest to us because they are the right 
size and temperature for supporting 
life on planets similar to  our own. 
(Our sun is a type G2 yellow star.) 
With some three hundred billion stars 

in the Milky Way galaxy alone - and 
ten billion other galaxies in the known 
universe - we can identify approxi- 
mately one million nearby candidate 
stars (within 1000 light-years) of 
spectral type F, G, or K that could 
conceivably support life. Despite the 
magnitude of this number, only a 
handful of stars (see table 1) are 
within the Amateur's technological 
reach. Of this handful, the nearest 
are in Alpha Centauri. Located some 
4.3 light-years away, Alpha Centauri 
is a triple system containing two 
massive suns (Type G4 and Type K1) 
separated by some 20 astronomical 
units (1 A.U. equals the mean dis- 
tance of the Earth from the sun) and 
revolving around each other along 
with a smaller third star, Alpha 
Centauri C (a type M star). Recent in- 
vestigations indicate that this system 
may be much younger than ours, 
suggesting that advanced forms of 
life would probably not have devel- 
oped even if a planetary system did 
exist within its complex rotational set- 
up. Other theories, however, might 

explain a heightened probability of 
life on Alpha Centauri as shown in 
fig. B. 

Of approximately 40 stars located 
not more than 16.7 light-years from 
Earth, only two - Epsilon Eridani 
(type K2) and Tau Ceti (type G4) - 
have been identified as meeting the 
conditions necessary for the exis- 
tence of advanced forms of life. 
Similar to our sun but somewhat 
smaller, Epsilon Eridani is located 
10.5 light-years away in the constella- 
tion Eridanus. Tau Ceti is located ap- 
proximately 10.8 light-years away in 
the constellation of thewhale. Rather 
dim compared to our sun, it is visi- 
ble from Earth's northern hemisphere 
only during the winter months. These 
two stars were among the first to be 
observed by Frank Drake an( 
team at the National Radio Astt 
my Observatory (NRAO) in C 
Bank, West Virginia, in 1960 unaer 
the project name Ozma, a name 
borrowed from the Wizard of Oz. 
No evidence of extraterrestrial intelli- 
gence has been observed to  date. 

1 his 
'one- 

ireen 

ype G yell -- -- =--.a ..,. ,. One concept of star evolution suggests that the possibility of life on planets revolving around a t OW star 
occurs during its "main sequence". This type of star is similar to our own sun. A "lucky" planet similbr cmrlll would 
need approximately four billion years of continuous energy flow from this star to allow the random process of rr 
on elements to produce the complexity of the human brain, which has made possible the development of commuc 
technologies. 
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fig. 8. The concept of two suns - one 
yellow (Alpha Centauri A, type 0 )  and 
the other orange (Alpha Centauri B, type 
KI  - rotating around each other in the 
triple star system Alpha Centauri, 
located some 4.3 light-yean away. I f  an 
earth-like planet were to  exist at the 
same distance from the yellow star as 
the earth is from the sun, i t  is con- 
ceivable that the complex rotational rela- 
tionship would allow for long alternating 
yellow and orange days - with no 
' 'its - which may accelerate the 

alopment of life on this relatively 
l g  system. 

une of the more recent additions 
to  the list of "interesting" stars is 
Vega, located 26 light-years away 
'--1 Earth in the constellation Lyre 

I). Vega is the third brightest star 
e sky. Although twice the size of 

-. ",, 
ega is in 

rllc sun, its surface temperature has 
been measured and found to be al- 
most the same. A relatively young 

- a+ nnly one billion years old 
iportant to  us because 
ery, in 1983, of a possi- 

ole planetary system around it by the 
infrared astronomical satellite (IRAS). 
According to astronomers, while the 
infrared telescope aboard IRAS was 
sensitive enough to  detect a mass 
rotating around Vega equivalent to 
the combined mass of all nine planets 
in our solar system, it could not 
resolve the objects precisely enough 

thele 
pellir 
we n 
tem 
now 
terpr 

to  distinguish among them. None- 
!ss, this is one of the most cam- 
i g  pieces of data suggesting that 
nay have another planetary sys- 
in the universe. (This theory is 
being challenged by another in- 
.etation; some investigators view 

the phenomenon as a belt of dust 
consisting of "pellets" that reradiate 
the star's infrared energy.) 

table 1. Stars within 26 light-years which could have habitable planets (adapted from 
Stephen H. Dole, 1964.1 

approximate 
spectral distance 

name of star class (light years1 

Alpha Centauri A G4 4.3 
Alpha Centauri B K 1 4.3 
Alpha Centauri C M1 4.3 
La121185 IA) M 1 8.2 
r Eridani K2 10.8 
61 Cygni A K5 11.1 
61 Cygni B K8 11.1 
c lndi K5 11.3 
Grm 34 A M2 11.7 
Lac 9352 M 1 12.0 
T Ceti G8 12.2 
Lac 8760 MO 12.6 
Cin 3161 M3 14.9 
Grm 1618 K8 14.9 
CC 1290 M3 15.4 
Cin 18,2354 M3 16.1 
+ 15" 2620 M I  16.9 
70 Ophiuchi A K1 17.3 
70 Ophiuchi B K5 17.3 

Cassiopeiae A F9 18.0 
7 Cassiopeiae B K6 18.0 
n Draconis G9 18.2 
36 Ophiuchi A K2 18.2 
36 Ophiuchi B K1 18.2 
36 Ophiuchi C K6 18.2 
HR 7703 A K2 18.6 
HR 5568 A K4 18.8 
HA 5568 B MO 18.8 
6 Pavonis G7 19.2 
- 21° 1377 MO 19.2 
+ 4-1° 2051 A MO 19.2 
+ 4O 4048 (A1 M3 19.4 
HD 36395 M 1 20.0 
+ 1 " 4774 M2 20.2 
+53" 1320 K7 20.2 
+ 53O 1321 K9 20.2 
4 5 O  13677 MO 20.6 
82 Eridani G5 20.9 
~j Hydri G 1 21.3 
HR 8832 K3 21.4 
+ 15O 4733 M2 21.8 
p Eridani A K2 22.0 
p Eridani B K2 22.0 
HR 753 A K3 22.0 
Vega G4 26.0 

sound trap removed or with a home- 
brewed IF of a lower noise figure. Full 
rectification could be implemented for 
detection in conjunction with simple 
integrators and DC amplifiers. Fast 
Fourier transforms (FFT) could also be 
implemented by using inexpensive 
microcomputers. The receiver's output 
transducer could be one of the newer 
A I D  converters - such as National's 
ADC0820 - connected to a micro- 
computer and a dot matrix printer. 
This convener eliminates the extra cir- 

cuitry normally associated with inter- 
facing AIDS to microcomputers as 
shown in fig. 16. It was specifically 
designed to appear as memory loca- 
tions or 110 ports to a standard 
microprocessor, with no other logic 
needed. In addition, the converter's in- 
put acquisition time is much faster 
than its conversion time, lending its 
use to measuring many analog signals 
upon software commands without the 
aid of additional sample-and-hold de- 
vices. The resolution is 8 bits, with a 
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CDIA = 0.017 A conductor diameter 

D =  : O D  loop diameter 

G20.8 A ground plane 
N 2 3  N = 9 for 14.8 dB 

N = 12 for 16 dB 

S =  A 
4 space between turns 

A , ,  = wavelength free space 

P = 0.12 A space from reflector to first turn' 
'observe impedance matching stub 

(A) Theoretical formula for designing a helical antenna. 

FRANGE = 1400 MHz to 1700 MHz 
BW = 300 MHz 
C f  = 1550 MHz 
i f c  = A 

1550 MHz I 
BW is ' -20% cf + 30% 

ANTENNA BANDWIDTH 3 dB POINTS (CI = 1550 MHz) IS: 
BW 1240 MHz to 1860 MHz 

A = l:Lr = 7.6193 INCH 

Corm = 0.017A = 7.619 x 0.017 = 0.1295 inch 

D = = 7'63193 = 2.539 inch 

G 2 O.8h z 0.8 x 7.6193 a 6.09544 inch 
P = O.12A = 0.12 x 7.6193 = 0.9143 inch 

S = $ = 7.64193 = 1.90 inch 

(B) Actual design of a helical antenna for the water hole fre- 
quency band. 

- - - - - - - - - 

N.12 FOR THFORFT!CIIL ,668 F I l N  

(CI Construction details. 

M E R R I M A ~  POM-PPL5GC 

OR EQUIVALENT 

Fp-O B I N E R  TO Rx 

I ccw j 

summary of polarization 
combinations 
A + B -, Horizontal 
A + C - Vertical 
A + D + Clockwise 
B + C -, Counterclockwise 
A + B + C + D -. Linear 

(Dl An array of four helical antennas can be arranged to pro- 
vide narrow beam width and many different polarization 
patterns. Additional LNA's can be introduced in each of the 
antenna legs to overcome the noise figure of the combiners. 

fig. 17. Design of a helical antenna system for the water hole frequency range. 
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maximum conversion time of 1.2 micro- 
seconds, an ideal application for a 
radio astronomy center. The ADC0820 
chip was tested with the VIC-20 micro- 
computer, but would be equally appli- 
cable to any microcomputer having a 
latched data bus. With the proper soft- 
ware, the output of the computer can 
be printed out at equal time intervals 
in relative flux units on a scale of 0 to 
5 volts (or 0 to 9 volts with a modified 
reference). 

what antenna to use 
The best antenna for radio 

astronomy is still the parabolic dish, as 
proven by most professional radio as- 
tronomy centers. Some Amateurs are 
reportedly using computer-controlled 
steerable dishes as large as 60 feet in 
diameter. But unless Amateurs have 
access to large backyards and friend- 
ly neighbors, they cannot proceed to 
construct such large arrays. Reasona- 
ble gains, however, can be obtained 
with arrays of axial mode helix anten- 
nas. The helix is attractive at 1.5 GHz 
mainly because of its relatively small 
size. The design shown in figs. 17A, 
B, and C indicates that the length of 
a helical beam at this frequency would 
be about 19 inches with a 2.5-inch 
diameter and a minimum reflector size 
of only 0.8 wavelength. This would 
make an inconspicuous installation. 
Although the helical antenna is not 
known for its gain, it has been used ex- 
tensively by professional radio astrono- 
mers. A nine-turn helix antenna can 
provide about 14.8 dB, and a twelve- 
turn helix, about 76 dB of gain. 

Helix antennas have also been used 
in more moderate arrays with gains in 
excess of 25 dB. Depending on which 
way they are wound in regard to each 
other, several polarization schemes 
can be accomplished. For example, 
using a pair of helices with the same 
sense (both clockwise or vice-versa) 
can provide circular polarization. Using 
opposed windings allows for horizon- 
tal polarization. A four-antenna array 
with clockwise and counterclockwise 
components can be interconnected so 
that several choices of polarizations 
could be obtained, as shown in fig. 

17D. In addition, beamwidths of 10 to 
15 degrees have been achieved. 

The main characteristic of the helix 
antenna is its relatively wide bandwidth 
( - 20 percent and + 30 percent of the 
center frequency), which makes it 
suitable for the water hole band. 
Unless terminated with a matching 
strip or at a special point on the back 
plane, a helix exhibits a high im- 
pedance output of about 140 ohms. In- 
asmuch as this could be a disadvan- 
tage in a single-antenna design, 
parallel arrays using high-impedance 
coaxial cables can produce composite 
outputs of 75 ohms without the use of 
RF combiners. 

On the other hand, a helix antenna 
can exhibit a much higher noise figure 
than the parabolic dish. Because the 
noise temperature of an antenna is 
determined by the noise power avail- 
able in its lobes (this includes its minor 
lobes), if the antenna is "looking" at 
the ground - which has a typical 
noise temperature of 290 degrees K (17 
degrees C) - it will have a noise figure 
of approximately 3 dB, which would 
be much higher than that of a pre- 
amplifier. In this respect the parabolic 
antenna would be better (lower side 
lobes). Careful consideration for the 
location of helical array is recom- 
mended; the choice of polarization, ex- 
plained earlier, can also greatly im- 
prove the system. Fourier transforms 
performed with simple microcompu- 
ters will also help in separating the 
desired components from the noise in 
these lobes. 

conclusion 
Although it may be difficult for 

Radio Amateurs to accept the seeming- 
ly impractical nature of radio astron- 
omy projects, the experience gained in 
developing one's own system could 
provide a complete education in con- 
temporary radio communication. 

Detailed information on the con- 
struction of radio astronomy and SET1 
projects, including low-noise ampli- 
fiers, and fast Fourier transform (FFT) 
programs for simple microcomputers 
can be obtained from The Society of 
Amateur Radio Astronomers (SARA) 

which publishes several books on 
the subject along with a monthly 
newsletter. At present, The Society 
has 168 members worldwide, many of 
whom are hams as well as scientists 
and engineers working in related fields. 
For more information, write to Robert 
M. Sickels, Secretary, SARA, 7605 
Deland Avenue, Fort Pierce, Florida 
33451. 

There are many arguments about 
the existence of extraterrestrial in- 
telligence. Some scientists believe that 
intelligent life exists elsewhere in the 
universe, while others mathematically 
analyze the probabilities and conclude 
that we could very well be the only ad- 
vanced civilization in our galaxy. While 
this is a discouraging thought, we can- 
not rule out the possibility that there 
may be a few others out there - 
perhaps many others. Although we 
have no evidence yet to support the 
claim that ETI may exist, many scien- 
tists have been taking the task of SET1 
very seriously, and an increased num- 
ber of receiving stations built by Radio 
Amateurs would only improve the 
chance of receiving that first intelligent 
signal from beyond our own solar 
system. We know that the laws of 
physics are the same throughout the 
universe; an advanced civilization, 
therefore, regardless of what it used to 
produce RF energy, would radiate the 
same kind of RF energy we know here 
on Earth. Our modern RF technology 
is now producing receivers with noise 
figures that approach the limitations of 
intergalactic noise. The gap has final- 
ly been closed; we can now begin the 
final search. 
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A Totally Integrated 
THE LUXORe 9534 
ANTENNA ACTUATOR 
Now you can have fully automatic satellite selection at 
your command by remote control. The location of 30 
different satellites can be precisely defined and pro- 
grammed for automatic recall at the touch of a button. 
The unit is design coordinated to interface with the 
Luxor 9550 Satellite Receiver. 

THE LUXOR'9550 REMOTE 
CONTROLLED SATELLITE RECEIVER 
The Luxor 9550 gives you total control over the satellite 
spectrum. 24 channels can be selected, fine-tuned and 
then programmed for automatic recall. Four different 
audio systems, mono or stereo, can be selected in either 
wide or narrow bandwidth for programming with any 
channel. A built-in stereo processor for both TV audio or 
stereo sound-only eliminates the necessity for an add-on 
external stereo processor. An RF modulator in the receiv 
provides easy connection to any TV set. The 9550 is not 
only a satellite television receiver, it will feed a hi-fi sterec 
system with quality audio-only signals. You can also mak 
professional quality VCR recordings via the audiohide0 
baseband outputs. Compare these features with systems 
costing much more. You'll see the extra value in investin! 
in a Luxor. 

THE LUXOR' HAND-HELD REMOTE 
COMMANDER 
Once programmed, the Luxor Receiver and Actuator 
can be completely controlled from your armchair by 
this compact (IR) Infrared remote control. No wires are 
necessary. You have automatic recall of up to 24 televisia 
channels from up to 30 different satellites. 

THE LUXOR" 9536 AUXILIARY 
REMOTE SENSOR 
Other television sets, located throughout your home, 
can receive satellite television by the simple addition of 
this lowcost IR sensor at each set location. A hand-held 
Remote Commander can control the receiver and the 
actuator through the 9536 sensor from any location. You 
have complete automatic control from every TV set in 
the house. 

~ U X O ~ "  (North America) Corp. Bellevue, WA 
A leader in radio and television technology since 192: 



iatellite Television Reception System I 

THE LUX0RaDUAL DOWNCONVERTER 
The miracle of satellite television recepti 
high-performance technology of microw 
amplifiers and downconverters. The Luxor Dual 
Downconverter is used in conjunction with an 
LNA. Each Luxor Downconverter is individ- 
ually tested and aligned to provide max- 
imum performance. Luxor microwave 
products are made to the highest 
standards of materials and work- 
manship. Reliability and perform- 
ance are assured. 



DISTRIBUTORS FOR 
SALES AND  SERVICE^ 

PACIFIC 
DIGITAL SATELLITE CORP 
Pasadena. CA (213) 681-6222 
NORTHWEST SATELLITE 
ANTENNA INC 
Eugene. OR (503) 343-7334 
Spokane. WA 1509) 534-6972 
Tukwtla. WA (206) 575-0472 
TRANSVISION CORP 
Greenbrae. CA 1415) 924-6963 
WESPERCOM 
Bend. OR (NAT) 800-852-2202 
(OR) 800-624-4416 

MOUNTAIN 
DH SATELLITE 

' Buckeye AZ 1602) 386-7131 
KAULTRONICS INC 
Boulder. CO (303) 530-3422 
Las Vegas. NV (702) 362-5816 / 

RECREATIONAL SPORTS 
Idaho Falls. ID (208) 523-5721 

CENTRAL 
DH SATELLITE 
Prame Du Chlen. WI (608) 326-8406 
DIGITAL SATELLITE CORP 
Llnle Rock. AR (501) 565-8443 
W~tchl!a. KS (316) 942-3131 
Fatrlleld, IA (515) 472-3174 
HOOSIER ELECTRONICS 
Terre Haute. IN (8121 238-1456 
KANSAS CITY SATELLITE 
Kansas C~ly, MO (8161 455-3991 
KAULTRONICS INC 
Rlchland Center. Wl(608) M7-8902 
STARCOM 
Arlcngton. TX (817) 640-1121 
Erg Spr~ngs, TX (NAT) 800-351-1426 
ITX) 000-592-147614745 
San Antonlo. TX (512) 650-3291 
Oklahoma City. OK (405) 672-9617 
Jefferson Qty, MO (NAT) 800-421-7242 
IMO)800-892-6080 
WARREN SUPPLY 
SIOUX Falls. SD (605) 336-1830 

sown 
KAULTRONICS INC 
Marletla. GA 14041 955-6682 
OUARLES ELECTRONICS 
Greenwood. SC (NAT) 800-845-6952 
lSC1800-922-9704 
SATELLITE EARTH STATIONS 
Mamou. LA (NAT] 800-762-2110 
(LA) 800-252-3307 
Cov~ngton, LA INAT) 800-654-9144 
(LA) (504) 893-4514 
Macon. GA (NAT) 800-553-1976 
(GA) 800-334-9819 
Nashvtlle. TN 800-522-TVRO 

ATLANTIC 
SATELLITE SALES INC 
Cleveland. OH 800-321-1188 
Columbus. OH 1614) 431-1517 
Coldwa!er. MI (51 7) 278-7574 
SATELLITE VIDEO SERVICES 
Catsk~ll. NY (518) 678-9581 
Raymond. NH (603) 895-3182 
Altnona PA 18141 942-5003 ~ - . , .  
SOUTHEAST SATELLITE DlST INC 
St Augustlne. FL 800-824-3300 
Boca Haton, FL 800-824-3300 

IMPORTER TO CANADA 
EVOLUTION TECHNOLOGY INC 
Eurl~nglon. Ontarto. Canada 
1416) 335-4422 

Now : 
home 
at the 
bors ( 
chanr 
Advar 
-,.-a 

; multi-c 

several television sets tnrougnour you1 
can have independent channel select 
same time from a single antenna. Nei 

:an share one antenna and enjoy the 
iel of their choice from a single satellite. 
iced block conversion and high perfor- 

I t l a 1  I L ~  technology bring you quality picture 
stability. Temperature-sensitive component: 
are in the receiver, inside the house. A built. 
stereo processor for both TV audio and ster 
sound-only e for an 
external add- he entin 
system is easy to Install. It's great! simulta- 
neous 

liminate 
on sterc 

!s the nc 
?o procc 
. .. ... 

ion 
gh- 

IMPORTER TO MEXICO 
KLAN S.A. (VIDEO SAT) 
Monterrey. Mexlco I831 78 90 15 or 
78 97 50 FCC Approvea 





harmonic mixer for 
VHF signal generation 
Lots of useful things that work well can be built 
without great effort and expense. Unfortunately, until 
now, a VHF signal generator hasn't been one of them. 
The cost of parts, the shielding required, and the dif- 
ficulty of producing a good variable attenuator make 
designing an inexpensive, easy-to-build VHF signal 
generator a challenging task indeed. 

initial means of 
generating VHF signals 

Even though I was able to use a surplus TS-150 
generator to meet my needs from 10 through 400 MHz, 
I was never fully satisfied with it. Recently when I ac- 
quired a pair of Clemens SG-83C solid-state high- 
frequency signal generators (they're cute and small, 
and they work well; they'll even work off a 9-volt 
battery!) at a flea market, my old TS-510 began to look 
more and more out of place. So the search was on 
for an up-to-date replacement. 

There don't seem to be many bargains among gen- 
erators that will make it to 400 or 500 MHz. The older 
units have good precision attenuators with high 
available output levels up to 480 MHz. But most 
models are marked by poor stability, excessive signal 
leakage, and large current consumption. They're con- 
tained in large, bulky enclosures, seem to be priced 
higher than they might be, and depend on exotic, ex- 
pensive tubes and components. But if you own or 
have access to a generator in the HF range and want 
some VHF or UHF coverage without buying yet 
another generator, you can build this device in just a 
few hours - for no more than $25.00. 

heart of device is 
diode ring mixer 

In recent years the use of diode ring mixers has 
become increasingly popular in state-of-the-art re- 
ceiver design. Despite their many advantages, they do 

By Peter J. Bertini, KIZJH, 20 Patsun 
Road, Somers, Connecticut 06071 

LETTER "M" IS OVER PIN NO. 2 

SBL - I 

TOP VlEW 

BLUE BEAO 

LO PIN 8 
RF PIN I 

BOTTOM VlEW I F  PINS 3 AN0 4 
NOTE: PIN 2 IS INTERNALLY 

GROUNDED TO CASE GROUND PINS 2, 5,  6, 7 

fig. 1. Harmonic generator uses Mini-Circuits SBL-1 
mixer. 

present some problems. One is harmonic mixing. 
Diode ring mixers are LO-driven at high signal levels 
- typically + 7 dBm minimum. These mixers are 
broadband devices, using wideband transformers and 
fast hot carrier diodes in their construction; the in- 
expensive Mini-Circuits SBL-1 DBM used in this arti- 
cle is rated from 500 kHz to 500 MHz at all three ports 
(see fig. 1). When LO power is applied, the diodes 
are driven into heavy conduction by the RF, producing 
LO harmonics well into the VHF range and resulting 
in undesired mixer products from input signals mix- 
ing with the harmonics appearing at the IF output port. 
This required the use of wideband impedance termina- 
tions for the DBM ports, as well as HF filters with 
known stopband characteristics well into the VHF 
region if the receiver isn't to sound like an aviary at 
feeding time! 

In this simple adapter circuit we make good use of 
this phenomenon. Referring to the schematic (see 
fig. 21, note that we are driving the LO port with the 
output of a 50-MHz overtone oscillator. The oscillator 
was designed to produce a minimum + 10 dBm out- 
put with a 9-volt battery supply. DBMS expect to see 
broadband resistive port terminations if insertion 
losses, bandwidth, and other parameters are to remain 
predictable. The RF port of the DBM is connected 
directly to the HF signal generator output port; most 
good generators will present a good 50-ohm resistive 
termination at their output. This is especially true of 
the Clemens SG-83 series because of the switched pi 
attenuators employed to set the signal output level. 
A 4-dB fixed pi attenuator is used at the DBM IF port 
output. Further attenuation is desirable here; this will 
be discussed later in the article. 

When the device is used at the output of a signal 
generator, the 50 MHz LO produces internal harmonics 
in the DBM at 100 MHz, 150 MHz, 200 MHz, etc. 
throughout the spectrum. When we inject a signal into 
our adapter from the HF generator, say at 10 MHz, 
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J I  item description 

UHF 8 1  9 volts, "transistor" battery 
Jl.J2 BNC: chassis llttings 
0 1  2N91B transistor 
Rl,R3 220 ohm, 1/4 watt resistor 
R2 22 ohm, 1/4 watt resistor 
S l  slngle-pole, single-throw miniature switch 
T1 primary 12 turns No. 26 wire, 

secondary 2 turns No. 26 wire 
Y1' 3rd overtone 50.0 MHz crystal 
mixer Mlni-Clrcults Labs (or equivalent) 

model SBL-1." 0.5-500 MHz, 
+ 7 dBm local oscNlator 

' 5 0  MHz crystal available lrom International Crystal 
Manufacturing CO., 10 North Lee, P.O. Box 26330, 
Oklahoma Clty, Oklahoma 73126. 
Request "general purpose" grade crystal. 
"SBL-1 mixer is available lrom Advanced Receiver 
Research. Box 1242. Burlington, Connecticut 06013: 
send SASE for price quote. 

fig. 2. Harmonic mixer provides output up to 500 MHz. 

outputs at the sum and difference frequencies will 
result from the 10 MHz signal combining with the 
50 MHz LO signal (50 + 10 = 60 MHz or 50 - 10 
=40 MHz) as well as outputs of the sum and dif- 
ference frequencies of the LO harmonics. From this 
it is evident that the HF signal generator need only ex- 
tend to 25 MHz to produce contiguous coverage over 
the entire range (up to at least 500 MHz) by using 
either the sum or difference products of the appropri- 
ate harmonic. A generator that will go to 50 MHz will 
allow the output frequency to be determined without 
involving mental subtraction. 

there are limitations, though 
There is a price to pay for this convenience. First, 

the conversion losses will vary across the VHF ranges 
because the LO harmonic amplitudes produced in the 
DBM are not identical. This is determined by directly 
comparing the output of the adapter versus the out- 
put of a good VHF generator of known calibration into 
a receiver with signal strength metering for each of 
the harmonic bands. The receivers should be termin- 
ated with an external 6 dB or greater attenuation pad; 
most VHF receivers present only a reasonable 50-ohm 
load over a very narrow range of frequencies - 
(if any). 

use is simple 
Once the conversion losses are known for the 

adapter for each of the harmonic ranges, the rest is 
easy. If you work in the dBm signal levels you need 
only include the dB loss of the adapter to the dBm 
reading of the signal generator output. If you prefer 
to work in microvolts, an easy solution is to employ 
a separate switched attenuator capable of one dB 
steps between the signal generator and the adapter'. 

By keeping the adapter losses at 20 dB increments the 
microvolt scale of the HF generator may be read direct- 
ly; for each 20 dB of insertion loss the microvolt 
reading is moved one decimal point to the left. 

Spurious responses may be encountered at some 
desired frequencies when using the adapter. These 
birdies are easily identified, however, because they 
tune "backwards" or at rapid rates across the receiver 
bandpass. Note that when using this adapter, HF 
signal generator leakage is of minimal importance 
because it is not the final output frequency. Extreme- 
ly low MDS measurements can be made, and the con- 
version loss inherent with this adapter can be ad- 
vantageous here as some generators (such as my 
Clemens) are limited to minimum output levels around 
- 120 dBm unless external attenuation is employed. 

construction is easy 
I built my adapter in a small minibox and used point- 

to-point wiring techniques on a small square of circuit 
board, following good VHF techniques such as keep- 
ing leads short and using good shielding. I also re- 
commend using the internal battery supply as shown; 
bringing power leads out of the adapter enclosure is 
an invitation to stray radiation. The oscillator draws 
about 10 milliamperes and battery life should be quite 
long. 

The maximum output levels from the adapter are 
severely limited by the conversion losses, which can 
be very high on some harmonics, and by the com- 
pression that takes place in the mixer if it's overdriven. 
I've been using my adapter for a few weeks now and 
I don't know how I ever did without it. The freedom 
from drift and generator leakage - and ease of setting 
frequency - are pure joy. My old unit is gone. 

ham radio 
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E Polaroid DS-34 
Now you can get an instant 
picture in black 8 white or color 
from any oscilloscope screen. 
Includes CRT hood. 
'Large hoodsalso available to fit 
computer terminals and CADI 
CAM screens 

$369.00 

I POWER SUPPLIES 
GLOBAL SPECIALTIES 
TRIPLE OUTPUT POWER SUPPLY 

MOOEL 1301 
Ful ly  regu la ted t r ip le  output  
F ~ x e d  5VDC. 1 A 
V1 + 5 VDC t o  18 VDC . 5 A  
V2 - 5  V D C t o 1 8 V D C  . 5 A  
Ful ly  automatic cur rent  l im i t ing  

DC POWER 
SUPPLY 

$1  25.00 

-TRIPLE OUTPUT 
POWER SUPPLY 

MODEL 1650 .OQ 
Functions as three separate 
supplies 
Exclusive tracking circuit 
Fixed output 5 VDC, 5A 
Two 0 to 25 VDC outputs at 0.5A 
Fully automatic current-limited 
overload protection 
+and -terminals of each output 
are fully isolated in all modes 
All three outputs may be con- 
nected in series or parallel for 
higher voltage or current 

k KV~R Oscilloscope Probes 

- D - 
+.a p --- 

Audio SinrJSquare I .  : I  
Wave Generator 

Dlslonlon from < 0 0 3 8  
10 Hz 10 1 MHz 

FUNCTION 

MOOEL 3010 1 
blna square and trlangle output 
Varlable and t ~ i e d  TTL outputs 
0 1 Hz to 1 MMz In sex ranQes 
Typcal d~s lor l~on under0 5% from 1 Hz to 1 W 
KHz 
Var~able DC onset 
VCO Input tor sweep tests 

FUNCTION r 
COUNTER - 
MOOEL WO-755 

5 Hz l o  125 MHz 
8 Dlglt LED Display $259.00 
Perlod Measurement 5 Hz to 2 MHz 
Totalizes lo  99.999.999 Plus Qvertlow 
Frequency Ratlo Mode 
Ttme Interval Mode 
Sw#tchable Attenualor 6 Low Pass Filter 

MODEL 3PW1010V 
RAG CARRIES THE COMPLETE STACO 

MODEL ATfENUATloN BAND WIDTH (MHz) PRICE VARIABLE TRANSFORMER LINE 
CALL US WITH YOUR REQUIREMENTS 

2904 1 OX 100 $35.00 0161TAL CAPACITANCE METER 
Battery operated 

2901 l o w 1  X 10015 $39.00 3'1 dlgal LCD dnsplay 
Range 1 PF to 2 000 UF 
0 2% basic accuracy 

2205 1 ox 250 GLOBAL 

2960 1 OX 60 $30.00 
MODEL 3000 

CALL US TOLL FREE Mastec Charge A00 FORSHIPPINGAND INSURANCE 

1-800-732-3457 
VISA. COO SO lo 1250 00 
Money Order 

I N  C A L I F O R N I A  TOLL F R E E  Check - $501 00 lo  5750 00 
$751 00 la SlWO 51257 

1 -800-272-4225 CODser1ra~f~gu11ed25a deposltl over Sl00OOO 51500 

I RAG ELECTRONICS, INC. / 21 41 8 Parthenia Street, Canoga Park, CA91304/ 1-81 8-998-6500 ( 



! !  PORTABLEOSCILLOSCOPFS I 

' Model V-212 shown 

!I 

MODEL V-212 
DC to 20 MHz, 1 mvldiv, Dual Trace 

$46 1 .OO 
Features 6" Rectangular CRT 
Full 2 year parts and labor warranty (wltwo 
X I  0 probes). 

MODEL 11-222 $536.00 
DC to 20 MHz, 1 mvldiv, Dual Trace. D.C. offset for 
DMM Output, Verticle Mode Trigger 
6" CRT (wltwo XlIX10 probes). 

MODEL V-422 $694.00 
DC to 40 MHz, 
other features same as V-222 (wltwo XlIX10 probes) 

Model V-l050F shown 

MODEL V-1050F 51 276.00 
DC to 100 MHz, .5 mvldiv. Quad Trace, Delayed 
Sweep, Full T.V. Triggering, alternate time base 
(w/two Xl/X10 probes) 

MODEL V-650 $956.00 
DC to 60 MHz, 1 mvldiv, triple trace, delayed sweep, 
Full T.V. Triggering, variable trigger hold-off 

1 PORTABLE 

vertical and horizontal deflection DC to lOOMHz (typically over 
accurate within f 2%. CRT accelera- 120 MHz), 5 rnvldiv, True 4 channel 

MODEL SS-5702 $53 5.0 0 tion voltage 12KV. 3 channels, input, eight trace. Delayed sweep. 
DC - 20MHz. 5 mV/div 6 traces. High precision calibrator alternate time base. CRT acceleration 
Dual trace ( f l % ) .  Fastest sweep rate: 10 ns. voltage 20 KV, (w/saddle bag, front 
6 inch rectangular internal graticule a High sensitivity 1 mvldiv cover. 2 ea XI 1x1 0 probes). 
CRT a CHI sional o u t ~ u t  
G k d e s  2 each x l /x lO probes and Beam fynder ' 

full factory warranty; 2 years on parts. Delayed sweep 
labor and CRT. Alternate t ~ m e  base . - - .  

2 ea. XIIX10 Probes 

MODEL 571 I D  S2495.00 
(571 1 with counter and DMM). 



1 THE HIDDEN SIGNALS ON SATELLITE TV I I 
"THE SECRET SIGNALS ON THE BIRDS" 

Dealer Member 

f,dSMCE 

I A Technical Book Covering the Reception of: 
stereo Subcarrlen stock Market Reports 

w Telephone Channels Teletext (VBI) 
World News services AII single channel per carrier 
Audio Subcarriers Services (SCPC) 
Teleprinter News - press Multiplex Data Channels 

w Commodity News Services PIUS Many Other "Hidden 
Radio Channels - Networks services" 

I NEW "SECRET SIGNALSBOOK 
A complete work covering the Hidden services, the systems, theequipment, 
how these services are used, how these services can be utilized, what they 
mean to 0urfield.This book for information use only. ~ o t  to be used forthe 
reception of unauthorized signals or pay services. 

I visa and Mastertam welcome $1 4-95 PIUS Sq.75 tor rnippins s handling. 
UNIVERSAL ELECTRONICS, INC 4;55  roves RO., sure 3. Columbus. onia 43232,614) 8 6 ~ 6 0 5  

DEALERS IN CUSTOM TVRO INSTALLATIONS AND DATA SYSTEMS 
Dealer lnqulrlez lnvlteo I 

I 
Bower & Williamson offers six new multiband tram& 
dipoles made to fit in less space than conventional anten- 
nas. You may not have room for that dream antenna farm. 
but no longer need limit your owrating to one or lwo 
bonds These new antennas provide low SWR on every 
bond makinga great componionfor todavs solid state rigs 

Direct feed wlth 52 OHM Coax 
I KWCW.2 KWPEP SSB 
SO239 Terminatlon 

ADD 57 00 SMIWNG L HANDLING 

ALL OUR PRODUCTS MADE IN US4 

B A R E R  & WILLINN 
Gual~tv~ ~K~rnun~cotlonProductsS~ncr- 
At vour r)~stflbutors Wr~te or Call 
10 Canal Street. Brfstol PA 1'2307 - 
(2 15) 788-558 I 
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YOU WANT IT? 
DAN'S GOT IT! 

Tell 'em you saw it in HAM RADIO! 

VAEBU ?/ KENWOD 

Fl 
ALL OF THESE GOODIES AND MANY MORE 

AT A SUPER SAVINGS! 
CALL TODAY 

1 (800) 241-2027 
BRITT'S 2-WAY RADIO 

Sales & Serv~ce 
2508 Atlanta Street 

SMYRNA, GA. 30080 
(404) 432-8006 fl 171 



THE STANDARD OF EXCELLENCE 
The world of CW RTTK and nav DW& AMmR* is as close m 
yourfinser&s with the n& brilliantly innovative state-of-tthe-art 
microcomputer controlki EX L5000E. 
Aulomalk Sender/Recdver: Due to the moa uo to date cornouter 
tc~hnology. just a console and kcyboard can n&omplislt complete 
autornatsc md/recctvc of Morse Code (CW). Baudot Codc (RTTY I. 
ASCII Ccxle (RT7Y)and ncw ARQ/FEC (AMTOR). 
Code: Morse (CW tncluder Kana), Baudot (R'ITY), ASCII (RTTYI. 
JIS (RTTY). ARQ/ FEC (AMTOR). 
Ckanctcrr: Alphabet. Fipttrer. Symhob, Special Characters, Kana 
Bullt.in-Monllor: I " high resolution. delayed perrirlcnce g r m  moni- 
tor - provides sharp clear imagc with no jiggle or jitter even under 
fluorescent lighting. Also has a provtsion for composite video signal 
output. 
TlmeClock: Displays Month, Date. Hour and Minuteon thc screen. 
Tlrnr/Tnnsmidom/Rertlvlng Featurn: The built-in timer enables 
com~lctelv autonlatic TX/RX withoul olxralor's auendanw. 
~ c l 4 1  ( ~ r l r c t l r r  Cslllng) Synlm: W~th  t h ~ r  featurc, the unlt only rc- 
cctvm n~essagcs follow~ng a preset uodc. Built.in Demodulator for 
Hiuh Pcrtornlat~cc: Nculv dcsipned hiah s~ecd RT7'Y demodulntor 
hu;reccivingcapability oias f;~ as 3& ~ i u d .  Thm-stepshifts selnt 
citlrer IIOHL. 42Stlr or lJSOI.Ix shift with manual fine tune~xmtrol of  
space chnnncl for odd shifts. H lG t I  (Mark Frcquency 212514z)/l.OW 
(Mark Frcqucncy 1275Hzl tone pair r leet. Mark only or Space only 
copy capability for relc~live fading. ARQ/FEC features incorporated. 
Cryaal Coetrolkd AFSK Modalator: A transceiver without FSK 
funution can tronsmit in R7TY mode by utilizing the high stability 
crystal-controlled modularor controlled by thecomputer. 
Photocouplo C W .  FSK Kcyer hulll-in: Very hi& voltage. high current 
photocoupler keycr is provided for CW, FSK kwing. 
C:onvmhl ASCII Key Amnwmrn(: Thc keyboard layout is ASCII 
arratrgcmcnt with function keys. Automatic insrrtion of  LTR/FIO 
codc makes operation s breeze. 
Ballmy Back-up Memory: Data in the battery back-up memory. 
covering 72 charactcrs x 7 channels and 24cl1aractcrr x 8 channels. is 
rctainedevrn when the external powcr source i s  rcmoved. Messages 
can be recalled from u kcyboard instruction and some parliculer 
channels can be read out cuntinuouulv. You can wrilc mesrarres into 

Wide Rangeof Tnmsslllllmg snd Rmlvlng: Morse Codc tratrsn~ittinp 
speed cmbeset from the keyboard at any rare hctwecn 5-ItXl WI'M 
(every word per minute). AUTOTRACK on receive. f:or cotnnlutltca- 
lion in Baudot and ASCII Codes, rale i s  variahlc hy a Leyhosrd  in^ 
struction between 12-300 Baud when using R'TTY Modem and hetwccn 
12.600 b u d  when using TTL Irvcl. 'The variahlu speed Scalurc m a k e  
the unit ideal for amateur. business and commercial me. 
Prt-I-d F u u i h  The buffer memory can store the mcssaaes written 
from the keyboard instead of sending them immediately. Thestorrd 
messages can be sent with a keyboard command. 
"RU&OUT' FuncUon: You can correct mistakes whilc writinp 
masager in the buffcr mcmory. Misspellings cnrl ulro he erased whilc 
the information is atill in Ihc buffcr memory. 
AutomatkCR/LF: While transmitting. CR/I.F auton~alically ccnt 
every 64,72 or Wchnracters. 
WORD MODEopurtlon: Characters can bc transmitted hy word 
grouping$, no1 cvcry character, from thc buffer mctnory with 
kcyboard instruction. 
LINE MODE opmllon: Characters can bc trsnsmitlcd hy linc grot1p- 
ings from tlre buffer memory. 
WORDWRAP-AROUND optrntlon: In  receive mode. W0RI)- 
WRAP-AROUND prevents Ihc last word of  tltc line from splitlirt~ in 
two and mnkes the screen easily reed. 
"ECHO" F s m :  With a kcyboard inslruction, received data can bc 
read and sent out at the same time. This function enables a cassette 
tape rccordcr to be used  as^ back-up memory. and a system can he 
crested just Like telex which uses paper tap .  
C u m  Control FumUo.: Full cursor control lup/down. Icft/right) i \  
available from the kcyboard. T a t  Mcssuge Function: "RY" and 
"QBf" tcst messages can be repeated with th~ r  function. 
MARK-ANDBREAK (SPACEAND-BREAK) Syslrm: L'ithcr miirk 
or spaw tone ca11 be u m i  to copy KTTY. 
VarhbkCW wdals:  For CW transmission, rveightr lratio of dot ltr 
dash) can bechanged within the limits of 1:3.1:6. 
Audio MonltorCircull: A built-in audio monitor circuit with an auto- 

an) chnnnel n hllc rcce~r ttry. matic rransmitlreccivc swttch enables uheck,ng of thc trdtt,~nitt~np 311d 
lrnr Canullv Dlmlar Memow: Covcrs uo to I .ZRO characters. rewiving state. In receive mode. tt is possible ro check the outp~lt 111 t l ~c  
~ c r & n  ~drmaiconiain.~ 40chnrbcters x ldlincs x 2 pages. mark lilter. tbc space filler and AGCamplificr prior to the 1"tltcrs. 
Screen D1npI.y Type-Ahead Buffer C:W R.rcke Fmnclion: Thc unit reads 
Memory: A I6O-charactcr buffer data from the hand k c y  and displsvr the 
n~cmory is displayed on the lower pan of charactcrs on tlre scrcm. CW kcy~ng our- 
the screen. The characters move to lllc out circuit work\ according to tlrc kc? ~.~ . ~ . . 
left erasing one by onc as won as lhcy 
arc transmitted. Mcssaga can be written 
during the receiving state for tran.mis- 
sion with battery back-up memory or 
SEND function. 
Functlon Divplay Syncm: Each function 
(mode, channel number, sped, ctc.) is 
disnlaveil on [he screen. 

operation. 
CW Random Crneimlsr: Outpur ol'CW 
random sigrtal can be used asCW reading 
practice. B ~ r g n p h  LEU Meter lor 
Tualug: Tuning of CU' and RTTY 1s 
very ewy with the bargraph LED mctcr. 
I n  addition. provision hac been nlnde lor 
a[lnchment of an osci~~oscopc to aid 

~ri'.t& Interface: Cct~trt,nio Pitra Com- tuning. 
patible inrcrfacc enables easy connection I l l t l l l l l t l ( l l  

Built-in AC/LK': Powcr sopplyi? utr ilch- 
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designing low voltage 
power supplies 

Husky power supply 

delivers 15 amps 

at 13.8 volts 

Power supplies for tube equipment used to be fair- 
ly simple devices, easily assembled from parts found 
in any handy junk box and quite forgiving of design 
error. But low-voltage regulated supplies for solid-state 
gear are something else again. 

Poorly designed low-voltage supplies can create in- 
stability of transmitted signals, distortion of received 
signals, hum, noise, spurious emissions and transients. 
A well-designed supply, on the other hand, contributes 
greatly to clean, trouble-free station performance. 

specifications 
At the heart of any power supply is the transformer, 

which takes energy from a commercial power line and 
converts it to some specified lower or higher voltage 
at a specified current. The single most expensive unit 
in the whole assembly, the transformer is usually called 
upon to absorb more abuse than any other compo- 
nent. Once you've specified the transformer, you've 
almost specified the rest of the supply. 

Because the transformer is the most expensive com- 
ponent, it's also the one in which manufacturers may 
tend to cut corners. Sometimes they'll put a 2-ampere 
transformer in a box with a few other components and 
advertise the result as a "5-ampere power supply." 

choosing the transformer 
The three principal specifications for the transformer 

are primary voltage, secondary voltage, and maximum 
secondary current. To specify the secondary require- 
ments, you must first decide how much filtered DC 
current and voltage you want. For the sake of illustra- 
tion, let's walk through the process of designing a 
supply that will deliver about 15 amperes at 13.8 volts 
continuously and about 20 amperes intermittently, 
since that sort of supply would handle most ham 
station requirements. 

Fortunately, most manufacturers rate their trans- 
formers for continuous service. Transformers are bulky 
objects with a lot of thermal inertia; they can absorb 
a lot of heat without getting hot too quickly. Conse- 
quently, a transformer rated at 10 amperes continuous 
duty can probably deliver about 14 amperes or more 
on a 50-percent duty cycle and perhaps even more cur- 
rent on a shorter cycle without serious risk. 

Perhaps the most severe duty most ham stations 
impose on a power supply (aside from beacon or re- 
peater duty) is a long-running activity such as the 
ARRL Sweepstakes or the CQ WW contest. In con- 
tests, operators listen at least as much as they 
transmit, automatically setting the duty cycle at 50 per- 
cent or less. An overloaded transformer can rest and 
cool off during the time it is not required to deliver 
power to the transmitter. 

If you're operating CW, the key will be down and 
the transmitter putting out only about half the time 
you're in the transmit mode, so your net duty cycle 
is down to 25 percent. And if you're working SSB, 
the duty cycle is even lower. 

So if an HF rig demands 20 amperes key down, 

By George L. Thurston, Ill, W4MLE, 21 16 Gibbs 
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what's needed is a power supply that will handle about 
25 percent of that or 5 amperes continuous, right? 

Wrong! 
Heat generated by internal losses is the biggest 

enemy of transformers. These losses rise steeply as 
the current demand exceeds capabilities. The losses 
have several causes: 

The ohmic resistance of the windings is a major 
source of heat generation, especially at high currents, 
because heat (power) equals 1%. When you double 
the current in a winding, you quadruple the heat. As 
copper gets hotter, its resistance increases still further. 

Eddy currents, induced in the iron core of the trans- 
former, generate heat. The larger the current in the 
windings, the larger the eddy currents. These losses 
can be minimized by careful design of the transformer 
by the manufacturer. 

Hysteresis losses also generate heat. They result 
, from the use of some transformer energy to jostle iron 

atoms in the core, magnetically exciting them. Simp- 
ly put, energy is lost in rearranging the magnetic pat- 
terns in the core. 

Dielectric losses occur in a transformer because it 
is inherently a capacitor as well as a transformer; it 
is several masses of metal in close proximity, separated 
by insulation. The insulating dielectric is usually quite 
lossy; heat is generated by jostling its molecules 
around in the rapidly-changing electrostatic fields in- 
side the transformer. 

This means that you can run a transformer harder 
than its continuous-duty rating, but only within cer- 
tain limits. Even if you could keep the transformer cool, 
hysteresis, eddy current and ohmic losses would 
severely degrade performance. 

Generally, however, it is reasonable to expect about 
40 percent more - at most - than the continuous 
rating. So, if a rig wants 20 amperes key down, we 
can get away with using a transformer rated at 12 
amperes continuous duty. But a 15-ampere rating 
would be safer and cooler and would pose a smaller 
risk of failure. 

overall design 
Since abrupt changes in supply voltages can cause 

trouble in electronic gear, a power supply must be 
stiffly regulated, varying output voltage 0.1 percent 
or less when the load goes from open circuit (no cur- 
rent) to the design limit of the supply (20 amperes). 
Such regulation is easily obtained with inexpensive 
parts. In addition, we must have DC with the AC rip- 
ple component reduced to an insignificant level. 

Because both cost and performance are concerns, 
this design will be fairly conservative, without much 
consideration of size and weight. 

For simplicity, we'll use a conventional series-pass 
transistor circuit controlled by an electronic regulator. 
That means that the DC output from the filter will have 
to be somewhat higher than the desired regulated 
voltage. Most electronic regulators require 2 or 3 volts 
difference between input and regulated output. Since 
we want 13.8 volts regulated, we'll need at least 16.3 
volts out of the filter at full load for reasons that will 
soon become apparent. 

One rule of thumb says that under load, a power 
supply will deliver a DC output about equal to the 
applied RMS voltage for a full-wave bridge, or about 
half the total secondary voltage in a center-tap circuit. 
Actually, 90 percent of the RMS voltage is a bit more 
accurate if the transformer is taxed to its full load limit. 
Thus, an 18-volt secondary will deliver about 16 volts 
DC (0.9 x 18 VRMS) under full rated load. But with 
no load, the DC output voltage will approximate the 
AC peak voltage, which is 1.414 x VRMs = 25.5 
volts. Using the same formula, you can see that a 
30-volt secondary will deliver about 42 volts at no load 
- too high for our regulator chip, whose maximum 
input rating is 35 volts. The maximum RMS output 
we can tolerate will be 35 volts + 1.414 = 25 volts. 

So our transformer must have a secondary that 
gives us between 19 and 25 volts AC RMS at about 
15 amperes continuous. If the transformer is center- 
tapped, for use with only two diodes, we need that 
much voltage on either side of center. If we're using 
a bridge, we need only a single winding delivering the 
desired voltage. 

Let's assume that our junk box contains a 12.6-volt 
filament transformer rated at 15 amperes, and that we 
can scrounge a 6.3-volt filament transformer rated at 
20 amperes. Connecting primaries in parallel and 
secondaries in series so that their voltages add, we 
get 18.9 volts RMS AC. The amount of current we 
can draw at that voltage is limited by the lower rating 
- 15 amperes. But because the output voltages from 
the two secondaries will not be precisely in phase 
(because of differences in manufacturing), we must 
derate their current capacity by about 10 percent. So 
we can demand only 90 percent of 15 amperes, or 13.5 
amperes from the power supply on a continuous basis, 
or about 19 amperes intermittently. Given the uncer- 
tainties involved in estimating duty cycles and the 
amount of uprating and derating, that should be close 
enough. 

So we can expect to get about 17 volts at full load 
and about 27 volts at no load from the rectifier-filter 
output. 

selecting rectifiers 
Because we chose a transformer without a center- 

tap, we'll need to rectify the AC with a full-wave 
bridge. Radio Shack and other suppliers offer an in- 
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expensive bridge rated at 25 amperes at 50 volts peak 
inverse voltage (PIV). 

In a bridge circuit, the full transformer secondary 
voltage appears at the nonconducting anodes. Since 
our transformer secondary voltage is 26.9 volts peak, 
the 50 PIV rating (also sometimes called the peak 
reverse voltage, or PRV) is quite satisfactory, but not 
extreme. Discrete diodes could also be used in a bridge 
circuit, of course, with each rated to handle at least 
half the total load current with a PIV above the peak 
output voltage of the full secondary winding of the 
transformer. For this supply, diodes rated at 50 PIV 
and 10 or 15 amperes each would be satisfactory. 

choosing the regulator 
In any power supply the filter immediately follows 

the rectifiers. But in a regulated power supply, the 
choice of regulator circuit is intimately connected with 
design of the filter for reasons that will soon become 
clear. 

The regulator samples the output voltage of the 
power supply, compares it to a fixed reference voltage, 
detects any difference, and applies a correction voltage 
somewhere in the circuit to counteract any change in 
output voltage. 

The earliest and simplest regulators used a zener 
diode for a reference and simply applied that voltage 
to the base of a pass transistor, clamping the output 
at approximately the zener voltage (fig. 1). This cir- 
cuit was quite a big improvement over the zener diode 
alone for two reasons: first, as a series, rather than 
shunt regulator, it could handle a lot more current; 
second, it offered a rudimentary sort of "electronic 
filtering." If a capacitor is connected between the base 
and ground, its filtering effect (capacitance) will be 
multiplied by the 13 of the transistor. Thus, if the tran- 
sistor is a 2N3055 with a typical of about 70, it would 
make a 100 pF capacitor do the filtering job of a 7000 
pF capacitor. 

The disadvantage of this circuit is that it provides 
no feedback loop. When power is taken from the 
emitter, a voltage drop occurs across the silicon 
emitter-collector junction and across any DC resistance 
in wires and connectors. Such a "regulated" supply's 
output may easily drop several volts under a heavy 
load. That's not good regulation! 

Another circuit frequently seen even now in maga- 
zine articles is basically the same as above with an IC 
regulator chip substituted for the zener (fig. 2). It has 
exactly the same disadvantage as the zener circuit - 
no feedback loop. The IC chip will hold the base 
voltage very tight but it has no control of the voltage 
at the load. 

Another circuit, using a zener diode and discrete 
components, is a considerable improvement over the 
others (fig. 3). In this circuit, the zener serves as a 

reference, and the base of a regulator transistor 
samples the output from the supply. Any change in 
the ratio between the zener reference voltage and the 
base voltage is converted into an error signal at the 
emitter and is applied to the pass transistor. 

A further embellishment of this idea (fig. 4) is to 
apply the error voltage to a driver transistor that also 
serves as an error amplifier, Q2, resulting in high sensi- 
tivity and good regulation. The regulator transistor, 
01, can be quite small (a 2N2222, for example) but 
the driver must be able to handle the base drive current 
required by the pass transistor, 03. With suitable tran- 
sistors, this circuit should be able to maintain load 
regulation of better than 1 percent. 

-- /. 
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Properly used, however, the integrated circuit 
regulator chips can put us into a whole new ball park 
of regulation - 0.1 percent or even 0.01 percent with 
off-the-shelf parts. 

The circuit in fig. 5 shows a 78XX regulator with 

A- ,-. 
m 

fig. 1. Basic voltage regulator using a zener diode and 
pass transistor. Disadvantage of this circuit is that it 
provides no feedback loop. 

0 0 
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fig. 2. Regulator circuit using an IC chip in place of the 
zener. Circuit also has no feedback loop; IC chip regu- 
lates the base voltage but has no control of overload 
voltage. 
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a PNP "wrap-around" pass transistor.'s2 The 
regulator chip and the pass transistor share the load 
current in a ratio set by resistors R1 and R2. Any 
change in the load voltage is sensed internally by the 
chip and applied to its input where it is also applied 
to the base of the pass transistor. The diode simply 
increases the voltage differential between input and 
output by the amount of the silicon junction voltage 
drop. 

With the proper pass transistors, this circuit can 
deliver almost any practical amount of current. To use 
NPN transistors requires a PNP driver stage between 
the regulator chip and the bases of the pass units to 
provide the correct bias voltage polarity. This sort of 
circuit is shown in fig. 6. 

02 
0 

- 

1 -: , 01 
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fig. 3. Regulator circuit in which the zener is a reference 
and base of regulator transistor, Q1, samples supply 
output. 

Both the circuits of figs. 5 and 6 produce voltage 
regulation on the order of 0.1 percent. The more 
sophisticated LM-723 regulator chip, with a higher 
parts count required in its circuitry, is capable of 
regulating a whole order of magnitude better than the 
78XX regulators; about 0.01 percent is typical. The cir- 
cuit shown in fig. 7 is representative, but there are 
some trade-offs. 

The 723 can deliver only about 150 mA at the regula- 
ted output voltage and so requires a driver stage for 
most pass transistors. It also requires a rather long 
parts list and, unless carefully shielded and bypassed, 
is often subject to RF interference that causes it to 
operate erratically. One redeeming feature is that its 
voltage-sensing connections are isolated and can be 
connected directly to the load by a long run of small 
wire. This permits the regulator to compensate for 
voltage drops in the wiring to the load. 

Like the 78XX chips, the 723 offers automatic shut- 
down if it gets too warm or if excessive current is 
drawn from the supply. A short circuit across the out- 
put terminals of even a 50-ampere supply produces 
only a minor spark and a turn-off of the voltage. The 
voltage recovers to normal when the short circuit is 
removed, with no harmful effect. Over-voltage and 
over-current protection circuits are discussed later in 
this article. 

After considering all the possibilities, we have de- 
cided to use the circuit of fig. 6, permitting us to use 
NPN transistors, inexpensive, readily-available regula- 
tor chips, and a minimum of external parts. 

REGULATED 
+ 2 5 V  OUTPUT 

the 7812 regulator 
Many good regulator IC and discrete-component cir- 

cuits are available to Amateur builders and many of 
them offer excellent regulation. The LM-723 offers 
0.01 percent regulation of both line and load, but at 
the expense of fragility and added circuit complexity. 

Line regulation is the percentage of output voltage 
change with a change in power line voltage. Load 
regulation is the percentage of output voltage change 
with a change in the load current. 

For virtually all but laboratory purposes, 0.1 percent 
regulation is more than adequate and is readily at- 
tainable with simple circuits and inexpensive 
components. 

Since we're building what amounts to a fixed- 
voltage supply, we can eliminate most of the IC regu- 
lators that provide adjustable output such as the 
LM-317, the LM-350, and the LM-723. 

Members of the 78XX series, on the other hand, are 
adjustable within limits, can deliver more than an 
ampere of regulated output, require very few external 
components, and provide regulation better than 0.1 
percent. (The 7812 regulator is used in our finished 
power supply.) In addition, they have internal short- 

0 0 
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fig. 4. Improved regulator uses a 2N2222 regulator tran- 
sistor. TIP-31 driver-error amplifier, and 2N3055 pass tran- 
sistor. Regulation better than 1 percent can be obtained. 
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circuit protection, internal over-heating protection and 
can lend these properties to the pass transistors as 
well. These chips have a ripple rejection of better than 
50 dB and require an input only about 2.5 volts above 
their regulated output. The regulated output voltage 
is adjustable within limits by inserting a resistor in the 
ground lead. That's a lot of regulator for a couple of 
bucks! 

TO 

BRIDGE RI OUTPUT 
0 : 

load. How much ripple can we tolerate without going 
into the dropout zone? The difference between 17.0 
volts and 16.3 volts is 0.7 volt, which is the value of 
the negative peaks we can tolerate. That would give 
us 2 x 0.7 volt or 1.4 volts peak-to-peak, as the maxi- 
mum tolerable amount. 

How much capacitance do we need between the 
bridge output and ground to limit ripple to this 
amount? All recent editions of the ARRL Radio 
Amateur's Handbook explain the problem in detail. In 
short, for a ripple frequency of 120 Hz, the required 
capacitance in pF would be: 

where I is the load current and E is the peak-to-peak 
ripple voltage. In our supply, I = 20 amperes and 
E = 5.2 volts. The required capacitance would be 
118,571 pF. 

As a matter of economics, a commercial manufac- 

1 0 

R3 

R 2  
CRI 

turer might choose a 120,000 pF capacitor or choose 
to use a higher input voltage to reduce the required 
capacitance. The purpose of the design computation, 
of course, was to determine the minimum permissi- 
ble amount of filtering. But a savvy Amateur would 
use more than the minimum - probably at least 
150,000 pF. Such values are easily obtained by paral- 
leling computer surplus units purchased at hamfests 
or from mail-order suppliers or obtained from a friend's 

0 1 

, IPNPI  
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designing the filter1-' junk box. 
Since the maximum amount of allowable ripple 

The requirement of a 2.5-volt differential between 
input and regulated output sets the dropout voltage. 
That's the input voltage below which the regulator 
chip loses control. At the dropout voltage, any further 
reduction in the input produces a similar reduction in 
the output. 

The dropout figure is the reason we deferred design 
of the filter until the regulator was chosen. What does 
that have to do with filter design? Plenty. Any AC 
ripple voltage on the regulator input makes the instan- 
taneous voltage rise and fall at a 120-Hz rate. The 
larger the ripple voltage, the greater the peak swings 
of the input voltage. If the input dips below the drop- 
out value on those negative peaks, the regulated out- 
put also drops, introducing ripple into the output. 

Obviously, we need filter design that will keep the 
negative ripple peaks above the dropout voltage. 

Since we want an output voltage of 13.8 volts, we'll 
select a 7812 regulator chip and raise its voltage with 
a resistor in the ground lead. And because data sheets 
for the 7812 put the input dropout voltage at about 
2.5 volts, we must supply an input voltage of at least 
16.3 volts; that is, the input voltage must never fall 
below 76.3 volts or ripple will appear in the output. 

We have already determined that the output voltage 
of the rectifiers and filter will be 17.0 volts under full 

( b  

c1 

-- 

fig. 5. A 78XX regulator with a PNP "wraparound" pass 
transistor. Regulator IC and pass transistor share load 
current in the ratio set by R1 and R2. 

1o.ooo-100,000 ,.F 
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fig. 6. Another version of the 78XX regulator ueing an 
NPN pass transistor. A PNP driver stage provides correct 
bias voltage polarity. Voltage regulation of this circuit 
and that of fig. 5 is of the order of 0.1 percent. 
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determines the amount of filter capacitance required, choosing pass transistors 
the problem could also be attacked by increasing the 
input voltage to the regulator, thus increasing the 
allowable ripple level. This can be done simply by using 
a transformer with a higher output voltage, with the 
trade-off that the pass transistors will have to dispose 
of more excess voltage, thus dissipating more heat. 

A more sophisticated way to get the best of both 
methods is used in some Astron commercial power 
supplies, among others. An example appears in fig. 
7. Here additional taps on the transformer secondary 
provide higher voltage at low current to operate the 
regulator chip while the lower-voltage, high-current 
winding operates the pass transistors and supplies the 
main output. 

In the circuit shown, the regulator chip (an LM-723) 
takes its input from the higher-voltage supply that is 
separately rectified and separately filtered. Because the 
load impedance on this supply is quite high (small load 
current compared to the input voltage) it is quite easy 
to filter well, and the higher voltage input allows even 
greater leeway with the ripple content. 

The highly-filtered input to the regulator chip could 
also be provided by a separate transformer, avoiding 
the need for a specially-wound transformer such as 
those found in some commercial units. 

Separate regulator supplies cannot be used with the 
78XX wraparound regulator circuit we have chosen for 
our example supply, however. 

choosing a driver stage 
In our chosen circuit, we need a PNP driver between 

the regulator chip and the pass transistors to invert 
the polarity of the error-voltage changes. In other cir- 
cuits we might also need a driver to supply sufficient 
base drive to the pass elements, as in fig. 7, for ex- 
ample. But how much drive current do we need? 

The answer lies in our choice of pass transistors. 
We will use two 2N3055s to deliver 20 amperes. The 
/3 of these transistors typically is about 70. Twenty 
amperes divided by 70 is 0.286 ampere, which is the 
amount of drive current we need. But to be on the 
safe side, we'll choose a transistor that will deliver at 
least twice that amount. It happens that an ECG 129 
will handle 1 ampere of collector current and has a /3 
of about 100. It is an inexpensive, readily-available PNP 
transistor and so would make a good choice. 

In heavier supplies, or when it is necessary to drive 
less sensitive pass transistors, thus requiring more base 
drive than 1 ampere, it will be necessary to use a heftier 
driver transistor. The Darlington PNP IC designated 
TIP-125 will deliver up to 5 amperes of drive current 
and, because it has a /3 of at least 1000, the drive it 
requires from the regulator is very small indeed. Thus 
the TIP-125 could be used with such regulators as the 
LM-723 and the 7 8 W  series, which deliver only about 
100 mA of regulated output. 

- - 

Pass transistors are the "valves" that control the 
flow of current from the rectifiers to the load, and they 
act much as though they were variable resistors in 
series with the load. They must absorb ail the power 
supply energy not taken by the load. In our case, they 
must absorb a voltage drop of 3.2 at 20 amperes under 
full load = 64 watts. 

For our pass transistors, we'll select the readily- 
available, rugged, and inexpensive 2N3055 NPN sili- 
cons rated at 115 watts each and 15 amperes maxi- 
mum collector current. They have a forward current 
transfer ratio (hFE or P )  of about 70. They cost less 
than $2 each at discount houses and hamfests, and 
often sell for a fraction of that. 

One 2N3055 would handle the full heat load from 
our power supply - only 64 watts - but one tran- 
sistor can't handle the 20 ampere maximum current 
we want to draw. 

We can overcome this by connecting two pass tran- 
sistors in parallel, providing 30 amperes capability. But 
they can't simply be connected in parallel because all 
semiconductor devices are slightly different: one tran- 
sistor, with the higher /3, would try to take all the cur- 
rent, leaving little on none for its mate. This is easily 
corrected with low-value resistors in each collector 
load, allowing the current to equalize. Power dissi- 
pated in each 0.1-ohm resistor equals 1% where 
I = half the total load current (the current through 
each transistor). Since in this case I = 10, 12 = 100 
and P = 10 watts. 

However, it probably is not necessary to use 10-watt 
resistors because I = 10 only when the key is down 
or voice peaks are maximum. The average, even in 
CW, will probably be about 5 amperes. At that level 
I* = 25 and P = 2.5 watts. Most likely a 5-watt 
resistor will work fine. Resistors, like transformers, 
have a relatively large thermal inertia because of their 
mass - a wholly different situation than prevails in 
semiconductors, which will fail immediately when their 
maximum ratings are exceeded. 

Exact resistance values are not critical in the emitter- 
equalizer applications so long as they equal each other 
and offer a very low voltage-drop at maximum cur- 
rent. Two 5-watt resistors in parallel could be used in 
place of a single 10-watt resistor. 

heat sinking3--" 
Transistor junctions, even in big power transistors, 

are very small devices: they have little mass, hence 
low thermal inertia. In other words, they get hot almost 
instantly, even in normal use. Power transistors are 
packaged in cases designed to dissipate this heat; they 
partly make up, by their own bulk, what the silicon 
junction lacks in mass. That's why the collectors on 
most power transistors are connected to the metal 
case of a TO-3-type package and to the tab of a 
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Front panel of 50-ampere power supply. Power ONlOFF 
switch is at bottom left. Fuse holder is next lwith neon lamp 
to indicateblown fusel. A 10-turn pot is used to adjust voltage. 
A2-pin Jones plug (lower right1 provides output voltage for 
small loads. 

show no output at all if the power supply is stable, 
and will give readings of probably several volts if 
oscillations are present. 

The supply may be stable at no load, but break into 
oscillation at some values of load current while re- 
maining stable at other values. It is necessary to apply 
several different loads while checking for oscillations 
to be sure the supply is stable. A good range would 
be 10 percent, 50 percent, and 110 percent of the rated 
capacity of the supply. 

A standard precaution to observe during construc- 
tion is to return all ground leads to  a single point in 
order to avoid ground loops. A suitable point would 
be the negative terminal of the filter capacitor. This 
would be connected to the chassis by a heavy con- 

ductor leading directly to the output terminal and 
grounded there. This connection must be made with 
wire heavy enough to handle the entire rated output 
of the power supply without significant voltage drop. 
Two or three pieces of flexible copper braid from RG-8 
coax would be suitable for a 30 or 40-ampere supply. 
Cables sold for automobile battery connections are 
also usually adequate. 

All 78XX regulators must be bypassed directly from 
the input pin to the control pin by a 0.1 pF capacitor 
connected right at the terminals of the device. Ordi- 
narily, this is enough; however, it sometimes occurs 
that the inverterldriver transistor or the pass tran- 
sistor(~) or combinations of both will oscillate. This is 
especially true if leads are longer than an inch or two 
between these devices and the IC regulator or between 
transistors. In most supplies, these leads are much 
longer than that because of the sheer physical size of 
the components. 

The cures are usually found by cut-and-try. Try by- 
pass capacitors of 0.01 to 1.0 pF. Disc ceramic, metal 
film, solid tantalum, electrolytic or Mylar are suitable, 
but capacitance values of electrolytics should be in the 
2-10 pF range. Try first bypassing base connections 
right at the transistors. In a parallel-pass-transistor cir- 
cuit, try bypassing one transistor but not the others, 
thus unbalancing any push-pull oscillation. 

If bypassing bases doesn't work, try bypassing emit- 
ters or collectors. If necessary, insert 100-ohm resistors 
in series with base connections and bypass one end 
of the resistors. But don't use resistors in high-current 
leads, or substitute driver or pass transistors of lower 
0, for obvious reasons. 

The supply may be considered stable if it generates 
no oscillations at any load within its rated output, even 
when the load is switched on and off rapidly and 
repeatedly. 

RF sensitivity 
Another potential source of instability in a power 

supply is sensitivity to strong RF fields produced by 
local transmitters. This is not self-oscillation, but it can 
exhibit some of the same symptoms - loss or de- 
gradation of regulation. With either external RF or in- 
ternal oscillations, it is not uncommon to see the 
voltage rise when a load is applied. 

The cure for this problem is to keep RF out of the 
power supply. It is most troublesome at the very low- 
level stages - the regulator chip or transistor. In ex- 
treme cases, enough RF may be present to upset a 
pass transistor or driver. 

Enclosing the power supply in a metal cabinet is sim- 
ple and usually the only RF protection necessary, 
especially if the cabinet is connected to the station 
ground. The next simple, obvious step is to bypass 
AC leads to the chassis and to each other where they 
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fig. 8. Crowbar circuits using SCRs. In (A) if the regulator 
fails, the overvoltage will continue to pass excessive 
current to ground with possible destruction of the SCR, 
transistors, and transformer. In (Bl, the SCR is connected 
across the filter capacitor so that if an overvoltage occurs 
the short circuit merely blows the fuse. 

REGULATED 
OUTPUT 

1 ' 

enter the cabinet. The core of the transformer should 
also be grounded, along with its internal Faraday shield 
(if it has one). Suitable AC line bypasses would be 0.02 
to 0.05 pF at 600 volts or more. 

The output should also be bypassed by capacitors 
of 0.05 to 0.25 pF because the leads taking power to 
the load can act as an antenna, feeding RF back into 
the supply. In aggravated cases such as might occur 
when operating with a high VSWR, with high RF 
voltages all over the station, it may be desirable to 
enclose the regulator chip in an RF-tight metal box 
within the power supply cabinet, with leads entering 
and leaving through 0.005 pF feed-through capacitors. 

Such extreme measures will seldom be necessary, 
but it is well to be aware of available curative methods 
should problems arise. 

overvoltage p r o t e c t i ~ n ~ ~ - l ~  
If a regulator chip were to fail or if a pass transistor 

were to short, the result would be that the full output 
of the bridge would appear at the output of the power 
supply, with dire consequences for any 12-volt solid- 
state equipment connected to it. 

One common means of protection against this 
potentiality is a "crowbar circuit." Its usual arrange- 
ment includes a silicon-controlled-rectifier (SCR) rated 

to handle at least the full rated output current of the 
power supply. The trigger of the SCR is connected 
to the wiper of a potentiometer connected across the 
regulated output of the supply. The potentiometer is 
adjusted so that if the output voltage rises above some 
predetermined value - usually about 15 volts - the 
SCR is triggered into conduction, becoming, in effect, 
a short circuit or "crowbar." 

In many commercial supplies, the crowbar is applied 
directly across the regulated output of the supply. The 
theory is that this will actuate the automatic over- 
current shutdown feature of the regulator chip, thus 
shutting off the supply. 

It's an excellent theory and it works fine in practice 
as long as the regulator chip works. But if the primary 
cause of the overvoltage is failure of the chip, there's 
a good chance that it won't shut down, either. The 
result is that the overvoltage continues to jam ex- 
cessive current through the SCR to ground, with 
probable destruction of the pass transistors, possible 
destruction of the SCR and possible damage to the 
transformer itself (see fig. 8A). 

A much safer procedure is to connect the SCR 
across the filter capacitor, following a fuse or circuit 
breaker rated slightly above the maximum allowable 
current from the supply. Then, when an overvoltage 
triggers the SCR (with the trigger still connected to 
the pot across the regulated output), the short circuit 
merely blows the fuse (fig. 8B). Note that if the filter 
capacitor should short, it would also blow the fuse, 
thus preventing damage to the transformer. 

Another approach to limiting overvoltage is simply 
to put a big zener diode across the regulated output 
of the supply. The zener is rated at the maximum 
voltage you want to allow (for example, 15 volts) and 
should be designed to handle about as much current 
as the power supply is rated for. 

If a heavy-duty lead-acid battery is floated across 
the power supply output in parallel with the load, it 
alone will limit overvoltage to reasonably safe values. 
If the regulator fails or a pass transistor shorts, the 
excess energy is absorbed by the battery and con- 
verted into heat, letting the voltage rise only a little. 
Prolonged operation in this mode, of course, will even- 
tually damage or destroy the battery, but no major 
harm is done during short periods, allowing ample time 
to shut down the supply and the equipment connected 
to it. 

metering 
A power supply - especially one designed for heavy 

duty - is much more convenient if it is provided with 
meters to read both voltage and current. This can be 
done with ordinary 0-50 pA meters or even 0-1 mA 
meters, as follows. 

Since 50 pA meters are available inexpensively from 
Radio Shack and other suppliers, and since they offer 
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a convenient scale, we'll use one to measure both volt- 
age and current, as illustrated in fig. 9. Essentially, 
both circuits use the meter in series with a multi- 
plying resistor to measure the voltage drop across a 
resistor. This avoids any need to calculate and wind 
super-accurate, super-low resistance shunts for the 
ammeter. 

To measure voltage, the circuit provides an ex- 
panded scale that reads from 10 to 15 volts. CR2 is 
a 10.0 volt zener selected especially for accuracy. If 
it operates at any other voltage - even 0.1 volt more 
or less than 10 volts - the meter will be accurate only 
at the voltage at which it was calibrated. R13 is chosen 
to let the zener draw a modest amount of current; a 
few milliamps is plenty. The FA meter, in series with 
R14, then reads the voltage drop across R13 which 
will always be 10 volts less than the output voltage. 
To calibrate, put an accurate voltmeter across the 
power supply output and adjust R13 until the meters 
agree. Ten volts will now be 0 on the meter and 15 
volts will read 50. 

To read voltage, mentally insert a decimal point and 
add 10. Thus, 14 volts will read 40 on the scale, and 
13.8 volts will read 38. (If you prefer, you can remove 
the plastic cover from the meter and renumber the 
dial.) 

0 M I  

S Wl -"JT/[i q F 2  R 2  

RI 

OUTPUT 

I 3 . 8 V  i 0.01 V  
0 - Z O A  

item description 
Cl,C2,C3 0.05 pF 600 volt 
C4 40,000 pF 35 volt 
C5 0.1 to 2.0 pF 50 kilohm (see text) 
C6 0.1 pF 50 volt 
C7 0.68 pF 50 volt (see text) 
C8 0.25 pF 600 volt 
CR1 2.5 amp diode 50 volt minimum 
CR2 10.0 volt zener, 1.0 watt (see text) 
F1 5 amp fuse 
F2 25 amp cartridge fuse 
M1,M2 0-50 pA DC 
Q1,92 21113055 or equivalent 
9 3  ECG 129 or TIP 125 or similar PNP 
R 1 250 ohm 20 watt 
R2 0.025 ohm 20 watt 
R3 0.5 ohm 2 watt 
R4 100 ohm 2 watt 
R5,R6 0.1 ohm 5 watt 
R7 75 ohm 1 watt 
R8 1 kilohm linear 
R9 omitted 
R10 1.5 kilohm 1/2 watt 
R1l 150 ohm 5 watt 
R12 20 kilohm circuit board potentiometer 
R13 100 ohm 1/2 watt 
R14 100 kilohm circuit board potentiometer 
SW1 toggle switch SPST 
T I  120 volt to 18-25 volt, 15-20 amp 
U 1 25 amp 50 volt rectifier bridge 
U2 78 12 regulator 

m 
FI 

CRI 

RIO 
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fig. 9. (A) Schematic of the power supply based on features discussed in the text. Circuit provides 13.8 volts at 20 amperes 
intermittent, 15 amperes continuous. Regulation is 0.01 volt; (B) Detail of T,, using transformers in series. 



The ammeter, shown as M I  in fig. 9, is also rigged 
as a voltmeter, with R12 as a multiplier. The more 
current demanded from the supply, the larger the 
voltage drop across R2. The voltage is directly pro- 
portional to the current. 

To calibrate, apply a resistor of known value across 
thk power supply output and calculate the current it 
draws at the output voltage. A 2-ohm load resistor will 
draw 7 amperes at 14volts (since I = EIR). A 10-ohm 
resistor will draw 1.4 amperes at 14 volts. 

Before you calibrate, however, you must decide 
what scales you want to use. One scale should have 
the supply's rated output about mid-scale. Thus, our 
20-ampere intermittent duty supply should have one 

.scale that reads 0-40. or more conveniently, 0-50 
amperes. Another range could be 0-5 amperes. In 
either case, the markings on the Radio Shack 0-50 pA 
meter are appropriate. 

To calibrate for 0-50 amperes, use the 2-ohm load 
resistor and adjust R12 to make the meter read 7.0. 
The same meter can be used on two ranges by 
hooking up another potentiometer and switching the 
positive pole of M1 from R12 to the new potentio- 
meter. The second pot could be set with the 10-ohm 
load resistor, adjusting it to give a reading of 1.4 (if 
the output voltage is 14). 

The same meter can also be switched, of course, 
to read both current and voltage. 

Bottom view of power supply chassis. b r g e  can-like object 
at Ief i  is the 7 pF non-polar tuning capacitor of the ferro- 
resonant core p o w  transformer used in this supply. The two 
TO-ZOOcase devices in the heat sinks are the 7812 regulator 
and drive transistor. The two power resistors (lower right) 
are in the input load-division network of the pass transistors 
end regulator chip. The two cylindrical objects at the top are 
tubular capacitors used to  bypass AC lines. 

Side view of power supply. At I& is the =amp fuse mounted 
on two polystyrene pillars. A small bleeder resistor is mounted 
on the left-hand pillar. The five power resistors on the ter- 
minal board comprise the current-sensing resistor ahead of 
the power transistors. The calibration pot for the voltmeter 
is mounted on a small tab of circuit board atop the resistor 
terminal board. The filter capacitors are obvious. At right and 
behind the large capacitors is the rectifier heat sink with two 
35-A 200-PIV diodes for the full-wave center-tap circuit. 

the final product 
The complete schematic of our finished example 

power supply is shown in fig. 9. 
The capacitors in the transformer primary, C1, C2, 

and C3, are standard equipment and should be in- 
cluded in every power supply. They not only bypass 
RF that may be present on the power line but also tend 
to suppress voltage transient spikes coming down the 
power line by reducing their amplitude before they 
reach the transformer. 

The low-voltage fuse, F2, is placed ahead of the 
regulator so that it will not degrade voltage regulation. 
The fuse has appreciable resistance; if it were placed 
in the output line, the voltage drop would be signifi- 
cant and would vary with the load current, thus 
degrading regulation. 

R1 is simply a bleeder resistor designed to discharge 
the filter capacitor, C4, when the supply is turned off. 

The power supply shown in the pictures is similar, 
but not identical, to the example supply described in 
this article. It is built around a %-ampere saturable- 
core (constant voltage) transformer and uses six 
2N3055 pass transistors in parallel. Four of them are 
mounted on the long heat sink on top of the supply. 
Two more are mounted on a smaller heat sink 
mounted at the back of the supply. 

The voltage control pot, R8, is a 10-turn unit with 
a counter built into the knob, the knob farthest to the 
right on the front panel of the supply. 

A small LED shines through a hole in the panel be- 
tween the two meters to indicate that power is on. 

58 March 1985 



It takes its voltage from the bridge, so that it won't 
be turned on by the battery system that normally floats 
across the output of the supply. 

The sides and bottom, normally enclosed by cane- 
metal covers, have been left uncovered for photo- 
graphic purposes. The project was built on a standard 
light-duty aluminum chassis reinforced with scrap 
sheet aluminum to support the 30-pound transformer. 
Pieces of 1-inch aluminum angle stock, mounted on 
the corners of the chassis, support angle-stock rails 
at the top. The rails, in turn, support the heat sink. 

The 35ampere, 200-volt rectifier diodes are mounted 
on a large heat sink that is enclosed by the cane-metal 
sides. The regulator chip and TIP-125 driver/inverter 
chip are mounted under the chassis on small heat 
sinks. All heat-sinked components are insulated with 
mica washers and silicone heat sink compound. 

With the transformer and components shown, the 
supply can easily deliver 40 amperes or more con- 
tinuously. The maximum capability of the supply has 
never been tested, but the pass transistors can easily 
handle 50 amperes continuously. The transformer was 
salvaged from a discarded computer terminal unit and 
the current-handling capacity was estimated from the 
core cross-sectional area the No. 4 wire used for the 
secondary center tap serving two secondary windings, 
each brought out on No. 10 wire. It is a ferro-resonant, 
saturable core unit with inherent voltage regulation 
properties providing better than 5 percent load regula- 
tion at the bridge output.* 

The white pillar to the left of R2 is an insulating post 
supporting cables going to  the B + output connector. 
The power resistor attached to the post is the bleeder 
resistor. The chassis-mounted power resistor between 
the post and R2 is R4. It doesn't need to  be that big, 

A rear view of power supply. with the two pass-transistor 
heat sinks in view. The output connector and cable appear 
at the top of the unit. The cable consists of two conductors. 
each made of two No. 10 stranded wires in parallel. 
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THE MOST AFFORDABLE 
a* - -7 

REPEATER 
ALSO HAS THE MOST IMPRESSIVE . 

PERFORMANCE FEATURES 
(AND GIVES THEM TO YOU AS STANDARD EOUIPMENT!) 

--~~~oo----- 

JUST LOOK AT THESE PRICES! 

Band Kit Wlredflested - 
lOM,BM,2M,220 $686 S880 

440 $780 $980 

Bom kit and wired u n l  an, complsm Wm all Pam modules, hafdwsm. and cryamla 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also available for ramom slts llnklng, crossband, and remom base 

FEATURES: 
a SENSITIVITY SECOND TO NONE; TYPICALLY 

0.15 uV ON VHF. 0.3 uV ON UHF. 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 
8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 
GREATER THAN 100 dB AT f 12KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144. R220. 
AND R451 SPECS IN RECEIVER AD BELOW. 

a OTHER GREAT RECEIVER FEATURES: FLUlTER- 
PROOF SQUELCH. AFC TO COMPENSATE FOR 
OFF-FREQ TRANSMITTERS. SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

a CLEAN. EASY TUNE TRANSMITTER; UP TO 20 WATTS OUT 
(UP TO 50W WITH OPTIONAL PA). 

flGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES 
?ECEIVER MODULES 

144 Shorn 
.' I 

R1441R220 FM RCVRSfor2M or220 MHz. 
0.15uVsens.: 8 oole xtal filter8ceramicfilter 
inl-1, helical resonator front end forexceptional 
select~vity, more than -100 dB at * I2  kHz, 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $138. 

R451 FM RCVRSame butforuhf.Tuned line 
front end. 0.3 uV sens. Kit only $138. 

a T51 VHF FM EXCITER for 10M. 6M, 2M. 
220 MHzoradjacent bands. 2 Wattscontin- 
uous, up to 2'11 W intermittent. $68/kit. 

a HELICAL RESONATOR FILTERS available 
separately on pcb wlconnectors. 

HRF-144 for 143-150 MHz $38 
HRF-220 for 213-233 MHz $38 
HRF-432 for 420-450 MHz $48 

a COR-2 KIT With audio mlxer, local speaker 
amplifier. tail 8 time-out timers. Only $38. 

a COR-3 KIT as above, but with "courtesy 
beep". Only $58. 

a CWlD KITS 158 bits, field programmable, 
clean audio, rugged l T L  logic. Kit only 868. 

a DTMF DECODERICONTROLLER KITS. 
Control 2 separate onloff functions with 
touchtonesQ, e.g.. repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $90 

R76 FM RCVR for 10M. 6M. 2M. 220. or I I AUTOPATCH KITS. Provide re~eater auto- 
commerclai bands. As above, but w/o AFCor I patch, reverse patch, phone iine remote 
hel. res. Kits only $1 18. T451 UHFFM EXClTER2t03Wattson450 control of repeater, secondary control via 
Also avail w14 pole filter, only B98lklt. ham band or adjacent freq. Kit only $78. repeater receiver. Many other features. 

R110VHFAM RECEIVER kit forVHFaircraft 
band or ham bands. Only $98. 

R110-259 SPACE SHUlTLE RECEIVER, 
kit only $98. 

VHFS UHFLINEARAMPLIFIERS. Useon 
either FM orSSB. Power levelsfrom 10 to45 
Watts togo with exciters8 xmtgconverters. 
Several models. Kits from $78. 

Only $90. Requires DTMF Module 

NEW - SIMPLEX AUTOPATCH 
Use w~ th  anv transceiver. Svstem includes 
DTMF 8 ~utbpatch modulesaboveand new 

a A1 6 RFTIGHT BOX Deepdrawn alum. case Timing module to providesimplexautopatch 
with tight coverand noseams. 7 x 8 ~ 2  inches. and reverse autopatch. Complete patch 
Designed especially for repeaters. $20. systemonly $200/kit. Callorwritefordetails. 



/If) f i  tiamtronics Breaks - the Price Barrier! 
- 3 2 -  

for a G ~ A S  FET ~ r e a k p . ~  
FEATURES: 
*Very Low Noise: 0.7 dB VHF. 0.8 dB UHF 

Hiah Gain: 18 to 28 dB. De~endina on Frea. 
W de Dynamlc  ang get or overload Res~stance 
Latest Dual-gate GaAs FEI. Stable Over W,de 
Range of Conditions 
Rugged. Diode-protected Transistors 
Easy to Tune 
Operates on Standard 12 to 14 Vdc Supply 
Can be Tower Mounted 

MODEL TUNES RANGE PRICE 
u -- 
LNG-28 26-30 MHz $49 
LNG-50 46-56 MHz $49 
LNG-144 137-150 MHz $49 
LNG-220 210-230 MHz $49 
LNG-432 400-470 MHz 849 
LNG-40 30-46 MHz $64 
LNG-160 150-172 MHz $64 

Models to cover every practical rl8 if range to 
listen to SSB. FM. ATV, etc. NF = 2 dB or less. 

Antenna Receiver 
Input Range Output 

VHF MODELS 28-32 144-148 
50-52 28.30 

Kit wilh Case $49 50-54 144.148 
Less Case $39 144-146 28.30 
Wired $69 145-147 28.30 

144.144 4 27.27 4 
146-148 28.30 
144-148 50.54 
220-222 28.30 
220.294 144.148 

For SSB. L W .  ATV.  Fhl  1:lc Why p . 1 ~  bcy 
bucks for a mu111 (node rlq for each hanil') Can 
be llnked with receiveconvertersfor transcelve. 
2 Watts outout vhf. 1 Watt uhf. 

Exciter Antenna 
Input Range Ovtput 

For VHF, ?8-30 144-146 

Model XV2 
28-29 145-146 
28-30 50-52 

Kit $79 27.274 144.1u.4 
Wired $1 49 28-30 220222. 
(Specify band) 50.54 220-224 

144-146 50-52 
5054 144-148 

144-146 28-3Q 

28-30 432.434 
For UHF. 28-30 435.437 
Model XV4 5054 432-436 
Kit $99 61.25 439.25 
Wired $1 69 144-1 48 432-436' 

'Add $20 lor 2M inpul 

UHF MODELS 432-434 28.30 
435-437 VHF a UHF LINEAR AMPLIFIERS. Use with 

Kit with Case $59 432-436 
Less Case 549 432.436 Several models. kits from $78. 

439.25 61.25 
servlce. Over 20.000 tn use throughout the 
world. Tuneable over narrow ranae. Soecifv LOOK AT THESE 

AlTRACTlVE CURVES! 

P30K. VHF Kit less case 

- -  

FM-5 PC Board Kit - ONLY $178 OI R B C ~ ~ V B ~ S  and 

Our lab has developed a new line of low-no~se 
recelver preamps wlth helical resonator f~lters 
built in.Thecombinationof a low noiseamplifier 
and the sharp selectivity of a 3 or 4 section 
helical resonator ~rovides increased sensittvitv 
wh~le reduclng Intermod and cross-band nter- 
ference In crll~cal appl~catlons. See SeleCtlvlty 
curves at right. Gain = approx.12 dB. 

' Model Tuning Range 
HRA-144 143-150 MHz $49 , HRA-220 213-233 MHz $49 
HRA-432 420-450 MHz $59 1 HRA-( ) 150-174MHz 569 
HRA-( ) 450-470 MHz 579 

complete wtth controls, heats~nk, etc. I 10 Watts. 5 Channels. far 2M or 220 MHz. 

. . 
' IMPORTANT REASONS WHY 

YOU SHOULD BUY FROM THE 
VALUE LEADER: 

. ' 1. Largest selecfion 01 vhl and uhf hits 
in the world. 

Cab~net Kit, complete 2. Exceptional qualify and low prices due 

w~fh speaker, knobs. to large volume. 

connectors, hardware. 3. Festdeliwr)~ mosthitsshippedsameday. 

4. Complete, prolessional instruction 
manuals. 

5. Prompf factory service available and 
While supply Iree phone consultation. 

lasts, get $60 
cabinet kit free when 6. 1" business 21 years. 

you buy an FM-5 Transceiver kit. 7. Sell more repealer modules than aN 
Where elsecan yougetacomplete transceiver other mtrs. and have for years. Can glw 
for only $178 quality lealures lor much lower cost. 
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Also clisplaHn,q rlie pop~tlr~r c~ccessnrie.s t~eecled m complerc. (1 H A M  STATION . . . 

ARRL PUBLICATIONS AEA ALPHA DELTA ASTRON 

AUSTIN BENCHER B&W DAIWA MIRAGE 
TRY US 'OUR TELEXIHY-GAIN VIBROPLEX WELZ E X .  MAIL ORDER Y 113 

PURCHASES I OPEN SIX DAYS A WEEK 

U n ~ n t e r r ~ p t e d  
Frequency 

J. I . L . S X- 4 0 0 ,,,;:;::;gir, ,,e,s 

-- - 
"r^Y 7 ,  .- ., 

s p. u 

- U 
A professionally created scanner for the serious listener 
Wide frequency coverage 26 to 520 MHz (with optional 
converters 100 kHz to 1400 MHz) 
Continuous coverage. You'll hear everything. 
Birdie-Free, no internal 'signals' to interfere with scanning 
20 Channel memory, AM-FM Mode memory, Priority memory 
Carrier Operated Relay (COR) permits automatic startlstop of a 
recorder 
Four low-noise front end converters for bptimum performance 
12 Volt DC operation (120 Volt AC power supply optional) 
Check JIL's ad in this issue for further details 

Sale Price 5549.95 List $739.90 
P.1A Power Supply 534.95 
Other options call 
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Electronic Equipment Bank 
EEB 516 Mill Street 800.368-3270 

Vienna, Virginia 22180 (703) 938.3350 

SAM'S COOKBOOKS 
MODERN DICTIONARY OF ELECTRONICS - 
6th Edition by fludolt ~ t a f  
Thi\ b w k  should be ~n very ham s lhbrary II has wer 20.COl tam unlwe lo  eleehonin 
anrl olher clrrsrly relaled llelds 3WO addlllorn lo me Sm Edition and fmce me sue 01 
the Irl cd~llnn' From A or angstrom lo i w m  lens, you'll lind 11 In mls updaled dlc. 
llonar 6th ?d~tlnn. , 1984 1152 pages 
1~121041 Hardbound 539.95 

CMOS COOKBOOK by Don Lancaster 
CMOS Ir laday's slate-01-the-ant ll's Ion cost, wodely avallabk and uses an abrolua 
m8nlm"m 01 power I t s  also lun lo w r k  wolh a d  vefy easy lo use. The CMOS 
Cookbook s wrlnen lo Mlp you use CMOS and IS chwk-lull of pracwal c~rcu~ls and daes 
nor dwell on malh or heavy theoty Prolects include hlqh-periormance op-amps. W rme. 
wrllel dtgllal Inslluments, muslc synlhenzers, video pimes and mwe 1 9 7 7 ,  Is1 edl- 
lion. 414 ages 
I 121388 Softbound $13.95 
IC OP AMP COOKBOOK by Walter Jung 
This sccond edtl~on IS broadly updaled lo terms 01 Oeace cwerage II lncludss me lalesl 
m sbleol-be-arl  developmenls such as J Fel and MosFet an bath slngle and mulbple 
Iormals This conkbWX IS edlled into three baslc parls Pan I introduces the IC op amp 
and discusses general conslderal~ons Part I1 covers praclrcal clrcull appllcal~ons. Pan Ill 
IS an a pndlx conslsnng 01 manulaclurer's dala sheels and other perllnenl ~ n t m a t l o n .  
You'll !nd a wealth ol #n(ormalmn, as well as over )MI pracllcal clrcull appl~cal~ons 

1980. 2nd ed>llnn 480 pages 
U21695 Softbound $15.95 
TTL COOKBOOK by Don Lancastsr 
Desplle Ihe advenl ol CMOS, mere 1s sllll deston work being done mm TTL dreullry. 
This bcmk pwes y w  a broad OveMm ol exactly whal TTL a. how 11 wcfhs and 1s lull ol 
design Ideas and pracbcal clrculls Areas that recelve anenbon include fllp.llops, clocked 
loslc, counlers, counllng lechnlques, nose peneralors and much more. You also gel a 
conlplele d~scussaon ol pract!cal TTL appl~callons ~ncludbng d~g~la l  counter. evenls counl. 
er, slopwalch and vollmeter lo name lust a lew 1974 Is l  edtllon. 333 pa es. 
1.121035 sonbound $12.95 

Please enclose $3.50 for shipping and handling. 

<@ 'm 
Ham Radio's Bookstore \ 

Greenville, NH 03048 

Tell 'em you saw it in HAM RADIO! 



k 1- SO YOU Want TO Try a 
Something New? How 'Bout The 

AEA Packet Breakthrough! 
Because: 

I You want to recreate the thrill of your flrst ham contact! 
You'd like to learn something new! 
You want to send error-free messages on HFNHFlSatelllte In spite of 

ORM! 
Frequency in use? No problem!! Jump right in and transmit!! 
No VHF llnsof-sight path to Joe? Again, no problem! Diglpeat through 

other stations to Joel 
Joe's not there? Store a message at hls station! 
RTTY Is too slow? "Packet away" at up to 1200 baud or more. 

In Packet Radio, your station is a radio, a computer terminal, and a 
TNC (Terminal Node Controller, hopefully the AEA PKT-1). You type 
and the TNC sends short bursts (packets) of two-tone modulation 
called AFSK. The other statlon decodes them and displays them on 
his monitor screen. He then sends to you. 

There is a lot of activity-local clubs, voice nets, mailboxeslbulletin 
boards, links between bands, long range (dlg1)repeaters and chained 
dlgipeaters, voice nets, searchlrescue and emergency work, newslet- 
ters, satellite comrnunlcations, technical development of new equip- 
ment and software, etc. 220 MHz wlll be very important to packet ra- 
dio. Help us populate it and "Save the Band"!! We need your help and 
participatlon. 

5! Packet radio is: 

AEA Packet Radlo 
RAM length is 2000 
cmd: connect to N7ML via KB'IG, K6RFK 
cmd: "'CONNECTED TO N7ML 
Hi Mike - have you seen the great new AEA 

PKT-I? 
YES JOHN - LOOKS GOOD K 
Bye Mike sk 
cmd: "'DISCONNECTED 
cmd: 

Standardized-your station can talk to any other packet station. 
Popular-fast growth over the last year to about 2000 stations in the U.S. 

,I 
Multi-frequency-10.147, 14.103, 145.832, Oscar 10, 145.01 (and other I9cal2M frequencies) are belng used now., 
Public Service-traffic handling, search and rescue, public events, emergency service. 
Muitimode-conventional radio, meteor scatter, but no EMUmoonbounce yet (will you be flrst?). 
Simple-you control the PKT.1 by typing 5-6 simple one- to four-letter command words on the terminal or computer. Several of 

them are shown in the above monitor screen simulation, which shows a connect via dlglpeaters, and an interchange between 
two stations. ! 

It's easy to get going. You probably already have the radio, and thecomputer orterminal. You'll need tooperate your computer 
in RS232C mode using "communications terminal" software that Is free or cheap. We can usually furnish information on what 
to use for popular computers. The rest of the software Is resident In the PKT-1 (you will need to buy a PKT-1). And you need a MIC 
connector to connect to the (furnished) radio cable you'll plug into your radio MIC jack. And "BRAAP." you're on the air with 
"Packet Racket." 

You're likely aware of Packet Radlo already. If not, read WB4GXD's 
three excellent tutorial articles in theSept. and Oct. Wand Jan. '84 is- AEA INCas p.O. c-nso, LYNNWOOD* WA 88038 

sues of 73. Cllo the couDon below, and we'll send articles, a reading OK AEA, send packet Information to: ~~. 
b~blio~raphy, product liierature o. our PIT-1 Packet Controller, an- 

Name 
swers to commonly asked questions about packet radio, lists of pack- I 

3 et clubs in your aria, sample packet newsletters from the ARRL and Street 
clubs. AEA dealer locations, packet videotape and audio cassette city,state 
loan info,voicenet Infoon HFNHFwhere you can listen and askques- 
tions, a blow-bv-blow description of how easy it is to get started, a free 
AEA Packet ~ g ~ e l  Button, AND WE'LL PUT YOU ON OUR PACKET I 
MAIL LIST to ensure you'll get further mailings!!! ,. IU Advanced Electronic Applications, Inc. 

P.O. B O X  C-2160  L Y N N W O O D ,  W A  9 8 0 3 6  
See your favorite AEA dealer, clip and send the coupon, or call John (206) 7757373 TELEX: 52571 AEA lNTL 
Gates. N7BTI lthe AEA Packetman) at (206) 7757373. 
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Thisarticlealsoappeared in the February, 1984 issue of AS-Amateur Television MagazineTM, the official 
journal of the United States ATV Society (804 Jefferson Avenue, Lowden, Iowa 52255) - Ed. 

fast-scan ATV 

Modification of 
4CX250B design 

boosts power, 
improves image 

After running QRP (6 watts) Fast-Scan Amateur TV 
for a year, I decided I wanted to build an amplifier for 
ATV that would give me a substantial amount of 
power as well as good quality video, color, and sub- 
carrier sound. After talking with Ron Stefanskie, 
WSZIH, who runs really high power (500 watts from 
a commercial broadcast tube - an 89381, 1 decided 
I couldn't afford this approach and probably wasn't 
technically competent enough to build it anyway. Bill 
Bryant, KSKKL, my mentor, made up my mind for me. 
After seeing his single 4CX250B run 70 video watts, 
I started looking for information and parts to build a 
two-tube 4CX250B (K2RIW design) amplifier. The 
hardest part was collecting the parts. It took a whole 
summer of hamfests and a winter of contacting friends 
to finally gather everything needed. 

modifying the linear 
After some research, I decided to build the basic 

K2RIW design. Since I had no plans to run it on SSB, 
and only on An/, I built everything heavy duty to with- 
stand continuous-duty video transmissions, and to 
grid-modulate the tubes with video. Because of the 
bandwidth restrictions of the grid circuit, the sync 
pulses, the 3.579 MHz colorburst, and the 4.5 MHz 
sound subcarrier signals are severely attenuated if you 
run the amplifier as a linear. But by driving the amplifier 
with an FM carrier, feeding your video and subcarrier 
audio via a video modulator into the control grids of 
the 4CX250B1s, you are able to avoid the effects of 
the grid circuit. Now the only circuit left to affect the 
video is the plate line, and its bandwidth is wide 
enough to pass good color, sound, and excellent res- 
olution if it's properly tuned. 

Basically, I followed the original construction arti- 
cle for the amplifier with some minor changes.' I 
trimmed the plate stripline inductor, L1, to resonate 

power amplifier 
at 439.250 instead of 432 MHz. The grid feed-through 
capacitor, originally 1000 pF, was changed to a value 
that will pass video; I used 60 pF. The screen grids 
must be video-bypassed with a 10 microfarad capacitor 
(450 volt rating) as well as RF bypassed with a 1000 
pF feed-through. The grid metering cannot be utiliz- 
ed because of the video modulated negative bias 
voltage. Bypassing is very important for the grid com- 
partment because of high RF fields and the inclusion 
of video. 

Even though the original article called for SK-610 
sockets, forget it! Use the SK-620s or SK-630s with 
the built-in screen-bypass ring. And while the original 
article called for beryllium copper for the flappers, I 
used silver plated brass. The plate line and plate load 
capacitors, as well as the grid line inductors are all sil- 
ver plated, too. 

ready-made modules 
simplify construction 

I used the VM-2 grid modulator and FMA-5 subcar- 
rier audio board available from P.C. Electronics* to 
modulate the grids. I found several things necessary 
for good results. Use short shielded leads between the 
subcarrier audio board and the modulator, and be- 

I tween the modulator and grid feed-through capacitor. 
All power supplies, modulator supply, grid bias and 
screen supply should be well regulated. The bias volt- 
age should be adjustable so it can be set for best re- 
sults. The carrier injection level from the subcarrier 

I audio generator is important, because too high a level 
destroys the color, and too low a level will eliminate 
the audio. 

The frequency of the audio board should be within 
+ 10 kHz of 4.500 MHz. A series trap consisting of a 
capacitor and inductor resonant at 4.5 MHz must be 
placed at the point where the video is fed into the 
modulator. This keeps the video line from loading 
down the 4.5 MHz signal. 

Probably the most important part of this whole op- 
eration is the tuning of the amplifier for a good high 
resolution and good color with subcarrier audio signal. 
Tune to the high sideband side of the signal so as not 
to attenuate the sync pulses and 4.5 MHz audio signal. 

* P . C  Electronics, 2522 Paxson Lane, Arcadia, California 91006. 

- 
By Dave Williams, WBBZJP, 5501 Holborn, St. 
Louis, Missouri 63121 
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R.F. Power Monitoring 

s .:: .? r -a  : *, ; 

=.. .i: . .& .a .,* . ' . _. I . . 

, IM Suppression Panels Receiver Multicoupling 

The Problem Solvers 

Duplexers & Preselectors Bandpass, Pass-Reject 
and Notch Cavity Filten 

Transmitter Combining 
150 - 900 MHz 

*COMPLETE SYSTEM ENGINEERING ASSISTANCE* 

TELEWAVE, INC. Y 
1155 TERRA BELLA, MOUNTAIN VIEW, CA 94043 

(415) 968-4400 TWX 910-379-5055 
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tune-up is easy 
To tune the amplifier properly, I strongly recom- 

mend using an RFIvideo detector at the amplifier out- 
put. I use a DM-1 RFlvideo detector board (also avail- 

Sync compression is shown here from trying to  tune the 
amplifier for that extra wan  of power. What you think you 
gain in power you lose in the ability for your picture to lock 
up under weak signal condition. 

A correct video waveform showing the 0 line or blanking level, 
the sync pulse, color burst and video information from 0 to  
100, 0 being reference black and 100 being reference white. 

Shown here: the amplifier was tuned for maximum power 
out, but look at the sync pulse! 

Believe i t  or not, this produced a picture. Shown here is what 
happens when the amplifier is tuned on the wrong sideband; 
notice that the sync pulse and color burst signals are gone. 
(The overall quality of this picture was poor.) 

Faceplate of the amplifier which is rack mounted with the 
power supply. Notice the "video in" connector (50.2391 and 
video level adjustment pot and "audio iri" (114-inch phone 
plug) and level adjustment pot. 

able from P.C. Electronics) and use capacitive disc 
coupling in the plate compartment to sample the out- 
going signal and feed it into my detector. This then 
goes into an RCA TO-1 waveform monitor, although 
any oscilloscope with a bandwidth of 5 MHz will work. 
You can observe your transmitted video waveform and 
the effect tuning the amplifier has on it. 

You cannot tune for maximum power out as in SSB. 
Instead, tune for as much power out as possible while 
still maintaining a good quality video waveform with- 
out clipping sync pulses, color-burst, and 4.5 MHz 
audio subcarrier signals. I drive my amplifier with an 
old T-44 Motorola FM transmitter strip with about 10 
watts. That's not saying you couldn't build up a solid- 
state 439.250 MHz FM exciter or even drive it with one 
of the all mode or FM transceivers on the market that 
covers that frequency. With 10 watts of drive 1350V 
on the plates, and 400 milliamperes of current at - 60 
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Free Antenna Accessories Catalog 

f Coaxial Antenna Relays 
r.- *- - Rernolely selecl up to 9 ;antennas . \ I  .. . . from your Iransrnltter, uslng only one 

' c coaxlal cable Envtronmentaltzef, h~gh  
power and low loss. 

~ 2 ~ ~ ' a n d  W2DU Balunsb 
Our baluns, center ~nsulators and In- . 

sulalors have been preferred for 2 0  
years by Hams. lnduslry, and Ihe armed 
forces. Protect agalnsl TVI and l~ghln~ng 
1.8-200 MHz 

' 4 W2VS Antenna Traps 

2 Add these traps lo your dlpole and 
gel low SWR on 2 lo 6 bands. depen- 

. & dlng on how many you add. Antenna 
L wlre and custom klts also available 

Send For Yours Today, 
Don't delay Call or write today, and 

we wtll send you free literature which 
fully describes our Ham antenna ac- 
cessory producl line. 

Dealer inquiries also welcome. 

, . 6743 Klnne St.. Emst Syracuse. NV 13057 
Free 1+?Jb448-f666 TWX 710-541-0493 

NVlHllAKlCanada ICollscl) 315-437-3853 

Plate line inductor and compartment, with audio subcarrier 
generator (left). The 4.5 MHz audio signal goes through the 
chassis via shielded cables to the modulator located under- 
neath with the grid box. 

f b 

This photo shows the grid modulator (top) in relation to the 
grid compartment. Notice 10 microfarad. 450 volt bypass 
capacitors on the grid box for the screen. Filament trans- 
former is shown in the lower right; the modulator should be 
close to grid feed-through and shielded cables used. 

SATELLITE TELEVISION RECEIVER 

a * l q ~ - - M L F s i - r r * *  
SEMlKlT 

FJ' 'w- * 5 ,  

wlth dual conversion downconverter 

FEATURES: 
Infrared remote control tuning 

. AFC, SAW filter 
RF or v~deo output 
Stereo output 
Polorator controls 
LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 N~ckel. San Pablo. CA 94806 v 136 Tel 415-724-0587 

volts of bias, I get 200 watts of acceptable quality color 
video and sound. For black and white operation only 
and without sound, I can push it to over 300 watts. 
Run properly, the hottest air temperature from the 
tubes is 115 degrees, and this is after one-hour of key 
down! So for those of you who have an existing RIW 
type amplifier or are thinking of building one to operate 
on 439.250 MHz Fast-Scan ATV, for a little extra effort 
and a few extra parts, you can be rewarded with high 
power, high-resolution FSATV pictures. 

reference 
1. Richard T. Knadle. Jr.. K2RIW. "A Strip Line Kilowatt Amplifier for 432 
MHz." OST, April. 1972. pages 49-55: May. 1972. pages 59-62. 79. 

ham radio 
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The IL-145 is a full f 
tured, hlgh performance HF 
base Ration transceiver 
with a lOOdB dynamfc range 
receiver. PLUS features 
usually found nore  
expenslve unll 

- - - -  - 

ea- 1 . .- nternal i( 
power supply, external IC-PSI5 
or IC-PS30 system supply. 
IC-SM8 two-cable desk mic, 
EX241 marker, EX242 FM 
module, EX24 
key~r, IC-SM6 
a variety of frll 

only In I 
ts. 

3 electro 
desk mil 

:ers. 

nlc 
c, and 

'. -.c.- - ....,<' .:<,;.;.,ro<. 
s . 2 ,  . .  

I O O K H ~  - 30MHz Rec - 100 Watt RF output / 
Duty Cycle 

r Passband Tur 
Shlh 
Adjustable Norse bran 
(wldth and le ' 

Adjustable A1 
* Rece~ver Prea 

16 tunable M C I I N I I ~ ~  
l l th l~  

Wide selection of filters and 
filter cornbinatio 
Continuousty ad 
transmit power 
10Hz/50Hz/lKHz I unlng 
rates with IMHz band steps 
IC-HMl2 Microphone with 
Up/Down Scan 

.. 

"fi'.wi rf ?p?.Tr '  r"2h)rc\: 11 bq 

Included as standard 
of the features most 
by experrenced ham 
operators. dual VFO s, KF 
speech compressor, t u ~ b l e  
notch filter, program band 
scan. memory xan, all-mode v l  lcr 

SQ L 

KH7 C 
IHI C 
IH? C 

are man) 
asked foi 
radio -. -- - ,,- ->."- IS tneonly trans- 

today that has so much 
l l~ty at a cuprls~ngly low 

S ~ P  ~t at your local with 
Irn batter ~elch anc 

Con nmunications 
mod Drive 
FCC tcgularlo 

ICOM 
151 All stated ~pedflra~lons are approxlm 

America, I 
ae and rubjc 

Inc.. 2380- 
a to change 

116th Ave NE, Bellme, WA 9BOW / 33: 
wllhD~f m l t r r  or obllqallon. Nl lCOM mdlol aqnln' 



The only repeaters and controllers 
with REAL SPEECH! 

No other repeaters or controllers match Create messages just by talking. Speak any phrases or 
Mark 4 in capability and features, That's words in any languages or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message MasterTM real speech . voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive  hone 
patch functions. Unlike others,  ark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 

SEE US AT DAYTON 
BOOTHS 225, 226 & 227 

MICRO CONTROL SPEClA 
4- Division of Kendecom Inc. 

23 Elm Park, Groveland, MA 01834 (61 

TIES + 147 

JUST SLIGHTLY AHEAD! WlTH THE QUALITY YOU HAVE ALWAYS LOOKED FOR! 
4 MEMORYS - 3 WAY AUTO SCAN. 
DUAL VFO. IF SHIFT. CW-W, 400 Hz. 
CW.-N 200 Hz. ALL 9 BANDS PLUS 
MARS. BUILT IN ACIDC POWER SSB. 
CW OR RTTY. I.F. TUNE 3-STEP 
TUNING SPEED. 200 WATT PEP. 
MICROPHONE IMPEDANCE 600-50K 
OHM HAND MIC. INCLUDED. 

40.15 AND6 METERS ARE YOUR BASE 
STATION OR MOBILE WlTH AC/DC 
BUILT IN POWER SUPPLY CW-N 200 

Hz OR USE. 2.S0239 ANTENNA CON- 
NECTORS. HAND MIC. BUILT IN TVI 
FILTER LITTLE TO NO TV INTER- 
FERENCE, 20 WATTS PEP. MARS ON 
40 AND G~ETERS.  

A GREAT ORP RIG WlTH THE BIG RIG 
SIGNAL. 2 WATTS OR 10 WATTS OUT. 
BUILT IN CW SIDE TONE. DIGITAL 
DISPLAY, HAND MIC. TOP MOUNTED 
SPEAKER. MOBILE BRACKET, RIT OR 
FINE TUNE TXBRX. t4KHZ. 21 TO 
21.450 MHz SIGNAL TO NOISE MORE 
THAN lOdB DOWN. 

$849.50 $445.50 $249.50 
90 DAY WARRANTY ON ALL TRANSCEIVERS - DIRECT FROM NCG OR YOUR DEALER 

WE HAVE 1 2 GHz BASWREPEATER 8 MOBILE ANTENNAS 
NOTE: PRlCES AND SPECIFICATIONS SUBJECT TO 

1275 N. Glove Stnet. Anahelm. CA 92806 (714) 6304541 CHANGE WITHOUT NOTICE OR OBLIGATION 
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&mmi COMMUNICATIONS 

P.O. BOX 620625 Woodside, CA 94062 (415) 851-8779 

The only manufacturer offering Amateurs 
the advantages of MOSFET RF Power Amps 

i 

MOSFET Mobile Power Amplifiers 
4101 Complete 2 Meter Handie Talkie Accessory - All mode RF power amp., 2 Watts in = 25 Watts out. 
50 Watt max.. Regulated power supply, with adjustable current limit, for HT power or battery charge. 4 
Watt speaker amplifier. Optional plug-in receive preamp. You must fabricate a cable to connect to HT; 
plug supplied. $21 5 

4102 Complete 2 Meter Handie Talkie Accessory - All mode RF power amp., 2 Watts in = 100 Watts 
out. Regulated power supply, with adjustable current limit, for HT power or battery charge. 4 Watt 
speaker amplifier. Optional plug-in receive preamp. You must fabricate a cable to connect to HT; plug 
supplied. $325 

4103 All Mode 100 Watt 2 Meter Amplifier - 10 Watts in = 90 Watts out. 2 Watts in = 30 Watts out. NO 
harm with 25 Watt transceivers. Optional plug-in receive preamp. Optional #4106 remote control. $245 

4104 All mode 100 Watt 220 MHz amplifier - 10 Watts in = 70 Watts out. 2 Watts in = 25 Watts out. NO 
harm with 25 Watt transceivers. Optional plug-in receive preamp. Optional #4106 remote control. $245 

4105 All mode 100 Watt 2 Meter amplifier-2 Watts in = 100Wattsout. Optional plug-in receivepreamp.S295 

Also come to FALCON for your 
MOSFET Repeater Amplifiers 
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predicting solar outages' 

Don't worry. We're not in imminent danger of losing the sun. The 
term "solar outage" merely describes the phenomenon in which radio 
reception suddenly deteriorates, with a decreasing signal-to-noise 
ratio. This article is addressed to Radio Amateurs experimenting with 
the reception of signals from the geosynchronous satellites operating 
in the 3.7-4.2 GHz region (not an Amateur band). - Ed. 

A solar outage occurs when a particular satellite, as 
"seen" by the antenna of a receiving station on Earth, 
is directly in line with the sun. This phenomenon oc- 
curs only twice a year for only a short period of time, 
with the duration of the outage primarily determined 
by the size of the antenna and its elevation. 

Used in conjunction with the information provided 
in table 1, the computer program provided in fig. 1 
allows the determination of the date of solar outages. 
Declination of the sun, a necessary input, can be found 
in any current almanac or calculated using eq. 1. 

Alternatively, the following formula can be used to 
calculate the sun's declination. 

Dec = ARCSIN (SINEI x SIN LA^ 
+ COSEI x COSAz x COSLAT) (1) 

where Dec = sun's declination (measured in degrees) 
El = elevation angle (from the antenna to 

the satellite) 
Lat = latitude of the receiving station 

(measured in degrees) 
Az = azimuth or bearing from the antenna to 

the satellite (measured in degrees) 

Use either method to determine the value of declina- 
tion needed for insertion in the program listed in fig. 1. 

During my first year of TVRO experimentation I built 

a parabolic dish faced on the inside with tinfoil. In my 
haste to put it into operation in time for Christmas, 
I postponed painting the foil until early spring, when 
the weather would be a little warmer. On February 
26th, when I arrived home late in the afternoon, I 
noticed that part of the feedhorn was lying on the 
ground, looking as if it had been shot. Though the 
temperature was in the 30fs, the focusing action of 
the dish produced temperatures over 2000 degrees F 
(933 degrees C). Luckily the LNA was not damaged. 

This shouldn't happen with today's dishes, although 
I have seen a number of unpainted dishes in use. 
Remember to be very careful with that huge solar 
mass; I've since learned to respect the sun. 

The program shown in fig. 1 is written for the Radio 
Shack TRS-80 color with extended BASIC. With mini- 
mal changes, the routine should work with most other 
personal computers as well. Remember that most 
computers work in radians rather than in degrees, so 
degree value must be divided by (1801pi). At the end 
of the program, multiply the value by 57.295 to ob- 
tain degrees. 

provide these inputs: 
EL See any satellite tracker program. 

(One is available from the author. See 
details at end of article. - Ed) 

AZ See above 
LAT Check with local government agencies or 

purchase 7.5 minute topographic maps from 
local stationary or book stores. 

Example. The elevation of the antenna is 31 degrees 
and azimuth is 197 degrees. The antenna latitude is 

By Vern Epp, VE7ABK, 705 6th Street, Nelson, 
B.C., Canada 
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TIME FOR AN 
BREAKTHROUGH 

The high quality of AEA products is appreciated long after the price 
paid is forgotten. 

N~ Antenna THE FANTASTIC DOCTOR DXTM 
C W  B a n d  S imu la t ion  Tha t  Is So Rea l  

You Won't Believe i t !  

Wll l  Improve the operatlng skllls of ANY CW operator! 
More fun lhan ANY Morse Code trainer ye1 devised. 
Use with a C-64. N sel, and key (or keyer). . Experience the thrlll ol a "Dxpedltlon" to anywhere In the 

I Operate anyt~me you want. ideal lor travelers. - lmpresslve award certificates avallable for verllled perforl 
5179.95' On-gomg contests: 8.hour sprlnt and 24.hour marathon. 

world. 

nance. 

HOT  RODTM / 
K Wava Telescope Antenna 524.95. / 

Fewer telescopic sdctions than any 7, wave 
whips. 
Shorter and lighter than all qC wave whips. 
Special matching network designed by Pro- ? 
lessor D.K. Reynolds (co-inventor of iso- 
poleTM antenna) makes Hot Rod competitive. 
ly priced. . . I. 

Most galn attainable for length 
of antenna-3dBd(OdBd forJR. 
models). 
Best decoupllng of anycommer 
cia1 VHF base slallon antenna 
available. 
More galn than many antennas 
clalming up lo 7dBgaln-don't 
be looled by misleading claims! 
Zero degree angle of radiation. . Factory-tuned matching net 
work. 

~Grealer bandwldlh lhan any 
competltlve product. . DC grounded lor statlc dls. 
charge protecllon. 
Documented cases of wlnd sur- 
vlval in 140 + mph hurricanes. 
Easier lhan any compellllve an. I tenna lo assemble. 

Mast 
S 

Not 0 
Included P 

PKT.1 Packet  Contro l ler  5589.95 

First commercially avallable packet controller for Multiple conversations on slmplex channel. 
Amateur Radio. EVERY PKT.1 is a digipeater. 
Uses TAPR circuitry and firmware. Send computer files error free. 
Digital radio communications for computer to Operates from 9-15 VDC for portable or fixed 
computer. operation. 
Easy to use-flve usual commands. 

-2 Contest Keyer 

BT-1 Bamlc Morse Tra ner 
Proficiencv Trainer. memories. MM-2 MorseMaticTM 

Teaches code at 20 wpm. 01-99 WPM. Automatic serial number. - Memory keyer. 
Random practice mode. Full-feature keyer(no Stepped variable speed. Auto serial number. 
Variable monitor tone. memory). Two speed memories. Proficiency trainer. 

All AEA Keyem operate from 8-15 VDC (power supply not included) and offer many more advanced 
features than can be listed here. I t  is no accident that AEA kavers are reaarded as the best in the world. 

T i01 
RTTYIAMTOR MAP.BU2 
Tun ing  A i d  5119.95 S23Q.85' 

Plugin hardware and firm- 
ware for C-64 computer. . Dual channel f~lters. 
Ext. 12 VDC reduces load on 

Spectral display of RTTY computer (power supply not 
tones. included). 
Instant indication of shlft Morse-Baudot.ASCII. 
(THREE RANGES). AMTOR. 1 Built-ln speaker with switch . Most advanced software 
for quiet monitoring. available. 

Unmatched Software For C.84 
And VIC.20 Computers 

MBA.TORTM-T~~ mosl advanced soft. 

CP.1 $239.95' ware wrlllen for MorSe.Baudol.ASCII- 
AMTOR lnciudlng mall drop. 

Computer patchTM Interface M A R S T E X T ~ ~ - A  soecial Morse.Baudo1. . ~ ~ t t ~ ~  performance than any corn. ASCII Package written especially lor 

petitive product MARS and olher lrafflc operators. 
SWLTEXTTM- he most sophlstlcaled 

Oual channel filtering with software available for the shortwave Ils- 
threshold ~ 0 r r e ~ t i 0 n  tentno enthuslasl. Automallc dala analv- . Variable shift sos. Morse. Baudot. ASCII, AMTOR, and 
117 VAC power supply included SITOR 

AEAalso offers Morse, Baudot. and ASCII software forthe followlngcomput- 
ers: Apple II. II +. Ile; IBM-PC. 

I 
2050 S. BUNDY DRIVE 

r /  111 L O S  ANGELES. C A  90025 
(213) 820-1234 

TOLL FREE OUTSIDE CALIF. (800) 421-6631 

5 
C 

N 931 N Eucltd. Anaheim. C A  92801 (714) 772-9200. Butler. MO 64730 (816) 679-3127 I 



. 
5 REM/BY VERN EPP 705 6TH ST., 
7 REM/NELSON B. C. CQNQDQ 
8 REM/COPYRIGHT (C) 1984  
10 CLS 
28 PRINTU*****SQTELLITE SOLPIR OUTQGES****" 
38 PR1NT:INPUT"LQT. I N  DEGREES 1S";D 
4 8  INPUTnLQT. I N  MINUTES ISM;M 
50 INPUTULQT. I N  SECONDS 1S";S 
6 8  LQT=D+M/60+S/3680 
78 INPUTUELEVQTIQN I N  DEGREES 1S";EL 
88 1NPUT"QZIMUTH OF SQTELLITE DISH I N  DEGREES ISU;QZ 
98 P1=3.1416 
188  DR=108/PI 
118 DEC=(SIN(EL/DR)*SIN(LQT/DR)+ COS(EL/DH)*COS(QZ/DH)*COS(LGT/D 
R )  1 
l.28 X=UTN(DEC/SQR(DEC*DEC+1))*57.295 
138 PR1NT"THE TRUE DEC IS ";:PRINT USING"###.###";X;:PRINT" DEGR 
EES" 
1 4 8  PRINTIS462,"WQNT QNOTHER?" 
158 Q$=INKEY$:IF Q$=""THEN 158 
1 6 8  I F  Q$="Y"  THEN 1@ 

fig. 1. TRS-80 color computer program listing helps determine the sun's declination angle throughout the year. 

table 1. General-purpose almanacs provide declination values in minutes and degrees; for use in program, these must be 
converted to decimals. 

Feb 15 -62.25 69 M7.47 S P ~  27 '-81. !52 
19 -11.37 16 -01.85 18 t07.05 01 t88.38 28 -01.92 
20 -11.62 17 -01.45 11 *.22 02 M0.62 29 -02.30 
21 -18.6 18 '-81.07 12 +a. 50 83 M7.65 30 -02.60 
22 -18.38 19 -88. n 13 tw.95 wt t07.28 
23 -09.93 28 -00.27 14 +a 32 85 M6.92 Oct 
24 -09.57 21 M0.13 15 W. 67 86 t06.55 81 -93.88 
25 -09.18 22 a. 52 16 +la. 63 87 M6.17 02 -93.47 
26 -88.82 23 a.92 17 +lo. 38 a0 +85.m 03 -03.05 
27 -08.45 24 el. 32 18 +l0. 73 89 M.42 $4 -84.23 
28 -88.87 25 MI. 78 19 +11.88 18 +05.85 85 -04.63 

26 *. 18 28 t11.42 11 W.67 06 -05.02 
#arch 27 W. 48 12 W.28 07 -85.48 
81 -07.60 28 +R.U 13 403.98 88 -85.78 
62 -07.38 29 M. 27 @J! 14 403, 52 89 -86.15 
03 -86.92 30 a. 67 28 t12.53 15 403.13 t0 -86.53 
$4 -86.53 31 W.E 21 +12, n 16 *. E 11 -86.92 
85 -86.15 22 t11.00 17 42.37 12 -07.30 
llKi -85. 77 CIpri 1 23 +11.53 18 41. 98 13 -07.67 
87 -85.30 01 +04. 43 24 t11.28 19 41.58 14 -80.85 
08 -85.~1 62 ~4.82 2s tle.85 a a1.a 1s -00.42 
89 -84.60 03 m.28 26 +I@. 52 21 M.82 16 -00.78 
18 -04.22 84 +Q15. 58 27 t10.17 22 M.42 17 -89.15 
11 -83.12 0s m. 97 28 MY.P 23 +88. BJ 18 -09.2 
12 -03.43 86 M6. 35 29 W. 45 24 #. 35 19 49.88 
13 -83.93 87 t86. 73 36 9)9. 10 25 -88.75 20 -18.23 
14 -02.63 88 407.10 31 M. 75 26 -01,13 21 -18.60 
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Name 

Call Sign 

Address 

City State 

Zip Phone 

Date 

Siqnature 

table 2. Number of solar outage days and duration. 

antenna diameter (feet1 8 10 12 16 20 
outage 16 14 12 10 8 
outage during these days 

(minutes) 30 24 20 15 12 

Note: To determine the bqinning of the outage period find the 
middle day lusing fig. 11 then use this table to locale, under your 
antenna size, the total span of outage days and divide by 2. 

49 degrees. These values, when entered, provide a 
declination of -8.37. The almanac indicates these 
dates as February 27 and October 15th. From the out- 
age days chart (table 2) we find that by using a 10-foot 
dish, we have solar degradation for f 7 days for a 
period of approximately 24 minutes. 

The outage chart shown in table 2 is designed for 
4 GHz operation and provides the total number of days 
in which some solar degradation can be expected to 
occur. The time, expressed in minutes, represents the 
approximate duration of the anticipated outage. 

Information provided in the appendix can be used 
to determine the exact time of day which the outage 
will occur. 

reference 
1. Dennis Mitchell. KEUR, "Receiving Signals from Space." hem radio. 
November. 1984. page 37. 

appendix 

t ime o f  the day calculations 
Step 1 

SINEL -  SINL LA^ X SINDEd 
LHA = ARCCOS 

Step 2 

LHA Local angle hour is measurement of the sun's current posi- 
tion (measurement in degrees] 

EL Elevation of dish on earth 
LAT Latitude in degree of earth station 
DEC Declination of the sun measured in degrees 
GMT Greenwich Mean Time 
LONGITUDE EarIh station in degrees 

Note: GMT must be convened l o  local area time 

Vern Epp's computer program, "Satellite Tracker. ($34.951 includes 
routines such as geo.sat location, dish design and efficiency evalua. 
tion, polar Dish Design LNA conversions, and CIN calculation. Also 
available is a program for predicting solar outages, ($1 1.95) that calcu- 
lates outage times using built-in chans. A number of other useful 
routines are included. Both programs are written for TRS-BOC ex- 
tended BASIC computer. For details. contact the author at the 
address given on page 75. 

ham radio 
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This book has been called the 
SWL's bible'and for good reason. 
It 's chockfull of all the latest call 
signs, schedules, frequencies and 
other important information for 
broadcasters around the world. 
You also get equipment reviews 
and other special features that 
make the WRTV Handbook an in- 
valuable reference guide. 
01985  39th edition 608 pages 

ITI GL-WRTV85 Softbound $19.50 
(please add %3 50 In SRIOBI I~  8 har~dltnq) 

Greenville, NH 03048 

More Details? CHECK-OFF Page 160 

. J 

CALL LONG DISTANCE ON YOUR HANDHELD 

The Model 335A wlll del~ver 35 watts of Our products are backed by prompt faC- 
power uslng the latest state-of-the-art clr- tory setvlce and techn~cal assistance To 
cu~try The ampl~f~er w~ll operate SSB or become famlllar w~th our other flne pr* 
FM and IS compat~ble wlth ducts ~n the amateur rad~o 
most handheld trans- market, call or write for our 
celvers, ~ n c l u d ~ n g  the free product and small parts 
TR2400, TR2500. IG2AT. catalog 
Yaesu. Santec, and Ten- 
Tec Only 300 mw lnput w~ll Model 335 A 
del~ver 5 watts out, 3 watts Kit $69 95 
~n w~ll deliver 35 watts out W ~ r e d  &Tested $89 95  
Max~mum Input dr~ve level 
IS 5 watts Communication - =concepts inc , ,,, 

lhtB N rlh Aruqol Are  .Oavlon Ohlo15420.01312961411 
b 



Telephone 1-FTEXASTOWERS (214)422-7306 
Div. of Texas RF Distributors Inc. Store Hours: Mon-Fri: 9am - 5pm 
1108 Summit Ave., Suite 4 Plano, Texas 75074 Sat: 9am - Ipm I 



SALE PRICE $999! 

NEW 3KW Amplifier 
Model 425 Titan 

CALL FOR SPECIAL PRlCE 

Full Featured! 

NOW IN STOCK 
Wnlh FREE VSI Voice 

All Now Ava~lable Syntheswsr and MAIOW CALL FOR YOUR 

Call For Special Sale Prices! Dual-Band Antenna SPECIAL PRICE 
Only $599.95 Save $85 

ST142 h H.T. ............ 5249 
IC-271AIH 2 rnlrs TM-211N411A ST222 220 MHz H.T .... $279 

CRI-100 Llsl 1249 SALE $229.95' ....................... IC-471A 70 cm 25 Watt FM Mobile ST442 440 MHz H.T. $289 CRI.2W List $299 SALE $269.95! 
.................... Perfect Oscar Equipment LS202 2m SSBffM H.T $229 

Call For Your Special Price 
Call For Special Prices! 

Llst $339.95 Sale $299.95 
L 

. ~ ~ u e n !  I ~ml tng  6 Ciao*, Pta lwlan Cwrutlr 
M 5 . r ~  wl!n u c l t t  r Far*$ w ~ l m l  Mete~ CP-1 COMPUTER PATCH 

Kg Kantronics 
List $239.95 SALE 1189.951 

HlOll  >U V r l  IOW M W  I01 II'I'I 
H ~ V C  7~ v,., qciw t r ~ m  mr clrv 
Hm15 :(M Yr.. YM Il*>W l i l II'N 
r.21 nn M :nw 5r s . >xi rr.. 9riw how 10. I'l* 
ct i lv  IN I-, ~ i v  I ~ W  n. vw 
1114 I rO NCI :W l l l W  nr ( I r ' 4  
U I O ~ O N  d r u  NO trlw twlw n r  %?a* 

Monday-Friday 9 AM - 5 PM Saturday 9 AM - 1 PM 

More Details? CHECK-OFF Page 160 fl 155 March 1985 81 
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antenna,array a 

The DR10 Dual Axis Antenna Rotor System ~;;l~l~,9;,"dnformatlon 
A New Concept in Drive Systems 191 28 lndustrlal Blvd 

D,YNEP[C LbPbPEMLb Elk R~ver .  MN 55330 (USA) 

'not ~ n c l u d e d  
61 2-441 -4303 Telex 7561 35 

N brings me t o ~  
u with its patented des 

For the ultimate "on the ground" 
service and antenna installation, 
a RQHN "Fold-Over" Tower is your 
besf buy. Your safety comes first with 
"Fold-Over." For complete details write: 

I SPECTRUM ANALYZER I 
TS-lOlOiUPM 84 Analyzer lor 10 

ACCESSORY KIT including Il l ten, anenualors. and 
adapters . . . .  .. ... ...  ......... ..wtset yulchase $85 
TRANSIT CASE..S15 MANUAL, partial repro .... $15 
R-1420 UHF RECEIVER. 30-300 MHz AM-FM-CW In 
two bands: selectable 20 or 300 KHz bandwldth. 
Same as CEI 905A 3 . 5 ~  19x 15, 25 Ibs sh 
Used-reparable wirepro book ............ .$@!Kt395 

fl 158 

Cuslom Ma~lrng Lisls  on Labels' 
Amateur Radio Operator NAMES 
Custom l \ s l s  rornptled to your spec~f ica l8ons . Geographtc by ZIP andlor Slate 

By Llcense Issue or Exptral~on Dale 
Sel l  stlck 1x3 labels 

Tolal Lilt 453.000 Price: S251Thousand 

Buckmaster Publishing F iss 
Whllehall 

Mineral VA 23117 u S A ( m 3 1 8 9 4  5m 
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ham radio 
It may be too early in the year to 
start working on your antenna, but it's 
not too soon to start thinking about in- 
teresting antenna designs! Here's a 
good one for you. 

the "KSZVH Special" 
for 40 through 10 meters 

This antenna design came to me via 
Jack Walker, VE4DS, who got the in- 
formation from J.A. Hutcheson, 
K3ZVH, who has a summer home in 
Selkirk, Manitoba, where Jack lives. 
The antenna covers 40,30,20, 15, and 
10 meters, and provides a low value of 
SWR on each band (fig. 1). It is a 
"fat," center-fed, broadband dipole. 
Old Timers may find a tear in their eyes 
as it brings back memories of the old 

cage antenna, so popular in the early 
1920's. This design, however, works 
on a different principle. 

The overall length of the antenna is 
85 feet (25.9 meters) and cage diam- 
eter is 2 feet (0.61 meter). The anten- 
na is fed at the center with a 300-ohm, 
two-wire line. VE4DS uses open-wire 
"ladder" line and K3ZVH uses good- 
quality 300-ohm transmitting ribbon 
line. Line length is not critical. A 4-to-1 
balun provides a good match to a 
50-ohm coaxial line. 

building the antenna 
The antenna is built of No. 16 

enamel wire; the hoops are made of 
aluminum TV ground wire bent into a 

2 

300 OHM OPEN WIRE LINE TO 
STATION AND 4-TO-1 BALUN. 

8 WIRES EQUIDISTANT ON HOOP. 
HELD IN POIITION WITH T I E  WIRES 
( F I V E  LOOPS FOR EACH HALF 
OF THE ANTENNA) .  

fig. 1. The K3ZVH "fat dipole" for 40 through 10 meters. 

circle. The ends of the hoops are 
joined by a short piece of copper 
tubing, which is used as a compression 
sleeve. The wires are attached to the 
hoops by small pieces of copper wire 
twisted around the joint. 

The assembly can be quite unwieldy 
unless it is strung out in a line under 
tension, preferably slung between two 
low supports. (It would be logical to 
string one wire of the cages between 
the supports and then build the rest of 
the cage around that wire.) The wires 
are spaced equidistant around the 
loops, and the tie-wires are wrapped 
with electrical tape after the assembly 
is finished. Because it doesn't seem to 
matter whether electrical contact is 
made between the loops and the an- 
tenna wires, no effort was made to 
make such a connection. 

For lowest SWR (usually required 
with a solid-state transmitter), a sim- 
ple antenna matching unit is placed at 
the transmitter. If the transmitter can 
work into an SWR as high as 2:1, no 
tuner is required. 

some thoughts on 
the K3ZVH antenna 

It would be interesting to run an 
SWR plot of this antenna over the 
spectrum from 5 MHz to 30 MHz. 
Because of the "fat" design, I would 
think that impedance excursions from 
a mean value would be modest and the 
antenna might qualify for operation 
over the whole frequency range. Many 
military "broadband" antennas are 
built in this fashion. If any reader of 
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table 1. Characteristics and operating parameters of the ElMAC 3CX1200A7. 

plate voltage 3600 volts 
cathode voltage 3.4 volts 
zero-signal plate current 220 mA 
single tone plate current 700 mA 
two-tone plate current 500 mA 
singletone grid current 215 mA 
two-tone grid current 130 mA 
useful power output ICW or PEP) 1750 watts 
3rd-order IMD products -34 dB 
single tone drive power 108 watts 
filament voltage 7.5 VAC 
filament current 21 amperes 
input capacitance 20 pF 
output capacitance 0.2 pF 
cooling: 30 CFM at 0.5 inchlwater (anode to base) 

fcooling air must be supplied to basel 
Note: Zener bias derived from four G.E. lN5062 diodes in series, forward biased. or Motorola lN4549. 

-- ay2ya - - 
, \  

this columh would care to  make' a 
frequency-sweep of this design, I'd be 
happy to hear about the results. 

the 80-meter 
compact dipole 

In my February column I described 
a half-size 160-meter dipole for those 
unfortunate hams who do not live on 
200 acres atop a high hill. The same 
technique can be used to make a com- 
pact 80-meter dipole that will give a 
good account of itself (fig. 2). This 
dipole is only about 65 feet (19.8 
meters) long and has a bandwidth of 
about 50 kHz where the VSWR is less 
than 2:l. Antenna length is a com- 
promise between efficiency and band- 

INSULATOR ( T I P . )  

6..m 
I".,".-. A B 11. LI L, 

width and the same truths that apply 
to  the 160-meter antenna shown last 
month apply to this antenna: a loaded 
antenna can be just about any length, 
but the tradeoffs must be accepted. 
This design is a good compromise, and 
I recommend it. 

Three coils are needed - two load- 
ing coils to be placed in the flattop and 
an impedance matching coil placed 
across the feedpoint. A balun is not re- 
quired and the antenna is fed directly 
from a %-ohm coax line. 

adjusting the antenna 

(Ym, M - 1-1 n*l*n ("nl fun1 
3 5 m . 8 1  20.38 11.71 1.00 43.4 1.0 
3 6  65W I981 16.25 4.95 42.0 I 9  
1 0  1 1 I I  , 877  1 5 3 9  4 6 9  3 9 6  111 
1 0  5810 17(11 4 . 6 2  4 3 7 1  1 7  

n t m  M ah.. I* A 1 0  
1,. L,. I., dm.," r l lnsnn (I cm, 
(*I colh mr. c1o.e mvndl 

3 . 1  L I . L ~  - 3 1  5 #urns. 1.3 - 4.8 turn. 
l . E  L8.Lr . 35.0 turns. 12 = 4.7 #urns 
3 I  L , . L I . Y O , ~ ~ . .  L 3 - 4 . E t u m r  
4 I L , . L I  . 32.5 turn.. L ,  . ... l".". 

fig. 2. Compact dipole design for 80 meters. 

I 

: 
] 

Once the antenna has been built, it 
is erected in place, but at a low eleva- 
tion so that a dip-meter can be coupled 

CO4X TO S T I T I O N  

fig. 3. The new ElMAC 3CX1200A7 high-r 
power triode. 

to  the matching coil, L3. The end sec- 
tions are trimmed equally until reso- 
nance is established for low-end 
(3.53.7 MHz) or high-end (3.8-4 MHz) 
operation. The feedline is removed for 
this adjustment. 

When antenna resonance is estab- 
lished, the antenna is pulled up to its 
final position and SWR measurements 
are made across the frequency band 
of operation. Matching coil L3 is ad- 
justed, a quarter-turn at a time, for the 
lowest SWR on the feedline at the fre- 
quency of antenna resonance. Refer to 
the discussion of the 160-meter anten- 
na in my February column for details 
of the loading and matching coil con- 
struction and installation. 

the new ElMAC 3CX1200A7 
power triode 

In recent months Varian ElMAC has 
released data on a new tube of interest 
to Radio Amateurs - the 3CX1200A7 
(fig. 3). For Old Timers, I can say it is 
the "Son of 3-10002.'' For new- 
comers, it is a 1200-watt dissipation, 
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high-,u power triode intended for cath- 
ode driven, linear amplifier service. The 
tube is very compact, being only 6 
inches (15.3 cm) high and 2-518 inches 
(6.7 cm) in diameter. The tube is air- 
cooled and is rated for full input to 110 
MHz. 

The characteristics and typical oper- 
ating parameters of the 3CX1200A7 
are listed in table 1. 

Using the 3CX1200A7 
The 3CX1200A7 is well-suited for 

linear amplifier service because it pro- 
vides maximum FCC-rated power out- 
put at a drive level compatible with to- 
day's modern solid-state exciter. 

A representative circuit for the 
3CX1200A7 in linear service is shown 
in fig. 4. This is a cathode-driven, 
grounded-grid configuration. A T-L 
network output circuit is chosen for 
maximum harmonic attenuation and a 
n-network input circuit is used to pro- 
vide a good match between the exciter 
and the amplifier (tables 2 and 3). 
Current metering is done in the return 
leads to the power supply so no 
high voltage appears on the meter 
movements. 

Standby and operating bias voltages 
are provided in the grid-filament return 
circuit. Operating bias is set by a Zener 
diode to approximately + 3.4 volts. 
The resting plate current is determined 
by the value of zener bias. With no 
bias, at a plate potential of about 3600 
volts, resting plate current isnearly 250 
mA, so a small value of bias lowers the 
current and reduces plate dissipation. 
For standby, additional cathode bias is 
added in the form of a 10k resistor to 
reduce the current to a very low value. 
The resistor is shorted out by contacts 
on the VOX relay. 

A 50-ohm wirewound resistor from 
the negative side of the plate supply 
to ground makes certain that the nega- 
tive terminal does not rise to the value 
of the plate voltage if the positive side 
of the supply is accidentally shorted to 
ground. 

Two reverse-connected diodes are 
shunted across the safety resistor to 
limit any transient surges under a 
shorted condition that might cause 

Parts list, 3CX 12OOA 7 amplifier. 

item description 

Cl,C2 see table 2 
C3,C4 see table 3 
CR1 10 volt, 50 watt zener diode 
J1,J2 coaxial chassis connector (SO-239 or equivalent) 
J3 high voltage connector 
M 0-10 volt iron-vane type AC meter (RMS responding) 
M I  0-1 ampere DC 
M2 0-500 mA DC 
PC three 100-ohm, 2-watt resistors in parallel shunted by 3 turns No. 

14 AWG, 0.5-inch diameter, 0.75-inch long. Coil may be wound 
around one resistor. 

RFCl 50 pH. 14 bifilar turns No. 10 AWG enamelled wire wound on ferrite 
core 5 inches long, 0.5-inch diameter (Indiana General CF503 or 
equivalent) 

RFC 2 100 pH, 1 ampere DC; 112 turns No. 26 A WG space wound on 1-inch 
ceramic or teflon form 6 inches long. Series-resonant at 24.5 MHz 
with terminals shorted (B&W BOOA, or equivalent) 

T1 7.5 volts at 21 amperes, tapped primary 
TD time delay relay (3 seconds) Amperite 115-NO3 

Note: All capacitors other than C1 through C4 are 0.01 pF, 600 volt. Capacitors are 
mica type. 

table 2. Cathode circuit component values w i t h  an Rc of 60 ohms. 

band C1 IpF) C2 (pF) L1 (pH) 

160 3300 3100 3.53 
80 1700 1670 1.90 
40 900 840 0.96 
20 440 417 0.47 
15 300 275 0.32 
10 220 205 0.23 

table 3. Plate circuit component values w i t h  an RL of 2750 ohms. 

band C3 (pF) C4 (pF) L2 (pH) L3 (pH) 

160 330 1550 33.0 11.2 
80 165 775 16.5 5.6 
40 80 385 8.2 2.7 
20 40 190 4.1 1.4 
15 27 130 2.7 0.9 
10 20 100 2.0 0.7 

Note: Data on plate circuit design can be found in the 22nd edition of the Radio Handbook, available from 
Ham Radio Bookstore, Greenville. NH 03048. 

wiring insulation breakdown or meter 
damage. A resistor across the zener 
diode provides a constant load for it 
and prevents cathode voltage from 
soaring if the zener safety fuse should 
open. 

A 10-ohm, 50-watt resistor is placed 
in series with the 6-plus lead to the 
plate RF choke. The resistor serves as 
a low-Q VHF choke to suppress har- 
monic currents in the power lead and 
also protects the tube and associated 
circuitry in case of a flash-over in the 

tube or plate circuit. The considerable 
amount of energy stored in the power 
supply filter capacitor is instantaneous- 
ly "dumped" into the amplifier in the 
unlikely event of a flash-over, and 
much of this destructive energy is 
dissipated in the resistor. 

the step-start circuit 
The resistance of the thoriated 

tungsten filament of the 3CX1200A7, 
when cold, is about one-tenth its value 
at operating temperature. As a result, 
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fig. 4. Schematic, high-power amplifier using EIMAC 3CX1200A7 tube. 

a filament inrush current as high as 210 
amperes may occur for a fraction of a 
second. It is good commercial practice 
to limit filament inrush current as this 
powerful surge can warp or otherwise 
strain the filament structure of the 
tube. This design incorporates a sim- 
ple inrush time delay (TD) protection 
circuit that applies reduced voltage to 
the tube filament for a short period, 
then allows application of full voltage 
when the filament has had a chance 
to warm up a bit. Total time delay is 
only a matter of seconds, and is a wise 
precaution because the circuitry costs 
but a fraction of a replacement tube! 

safety factors 
It's a good idea to use a filament 

transformer having a primary winding 
tapped for various line voltages. A fila- 
ment voltmeter can provide the opera- 
tor with a close check on voltage, 
which should be held to f 5 percent 
of the nominal value of 7.5 volts. 

Complete, detailed information on 
the design and construction of high- 
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power amplifiers of this type can be 
found in the 22nd edition of the Radio 
Handbook, available from Ham 
Radio's Bookstore, Greenville, New 
Hampshire 03048. 

radio tube closeout 
Edlie Electronics is closing out their 

surplus.tube department. Their 1985 
catalog lists over 550 types of receiving 
tubes at two for a dollar, ten for $3.95, 
and 50 for $15. All have been tested, 
but are sold "as is" with no guarantee. 
Most are boxed. 

For details, contact Edlie Electronics, 
2700 Hempstead Turnpike, Levittown, 
New York 11756 (516-735-3330). 

list of EME  moonb bounce^ 
stations 

A complete list of U.S. and overseas 
VHF moonbounce stations is now 
available. For a copy, send five first- 
class postage stamps to me at EIMAC, 
301 Industrial Way, San Carlos, 
California 94070 U.S.A. 

ham radio 

MODEL 

MADE IN 5429 95 
USA $-1 dellrered 

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

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

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

VANGUARD LABS 
196-23 Jamaica Ave.. Hollls. NY 11423 

Phone: (718) 468-2720 ,, 105 

SAY 

YOU SAW 

IT IN 
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I Model AV. 
NO TRAP VERTICAL 
lor 80, 40, 30, 20, 15, 10 
meters. 

Only 25 tt. high. 

Three parallel 
vertical elements. 

Direct feed with 
52 ohm coon low 

Broad band. 

Capoclly loaded. 
top and sides. 

Only one coll. high 
in 80 M element. 

CERS 

AR-25 Radial 
System for AV-25 
antenna. Four 
multiwlre radlals 
that are resonant 
on each of the si, \ -bands.:!( .SO 

1 

I PATENT PENDING 

I <- -pa NWC IN US4 

BAREbu a wdLLIAMSO11 
a d l w  Cornrnvnmlbn ROdu~h Stwr 1932 
A! ,cur U k m b U I m w t e  a call 
10 Cam1 Sreet @Idol PA lW7 
(2f5) 780-5504 

to: Heatl 
Bentc 

/ 161 
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1 Single-sideband really works in nonrepeater situations and has 
over 5 times the battery life per battery charge according to  the 
engineers who developed the LS-202A. The slide-on, locking 
battery pack can contain either Ni-Cd 'AA' cells or 'AA' alkaline- 
type batteries, or a special higher voltage Ni-Cd pack can be 
purchased as an option. The special VXO and RIT circuits add 
flexibility to the 5 kHz step synthesizer to provide continuous 
tuning for Upper or Lower SSB. High (2.5 W PEP) or Low (0.5 W 
PEP) is selectable by a switch. Lighted receive 'S.Meter' wlth 
Transmit battery level display and thumb-wheel switch lighting 
make using the LS-202A more comfortable. 

FM mode is still the FUN MODE to  many people, and the LS-202A 
works all the repeater frequencies from 144 to 148 MHz with the 
normal k 600 kHz offset. Good, crisp audio comes from the 
internal mic, and there is the capability of using an external 
speaker mic of the popular variety. 

Santec and SSB simply just got better. See one today at your 
Santec dealer. 

Technical Talk 

SPEClFlCATlONS SSBlFM 

Fmq. Range 1 U.000-147.995 MHz 
Synthesizer 5 kHz Steps + VXO 
Modes USB (A3J). LSB (A3J), FM 
Voltage Range 6-12 VDC 
Current Drain 30 mA RX Standby 

750 mA TX Peak 
Power Output 2.5 w PEP (9 V) 

3.5 W PEP (10.8 V) 
Recelver 2.4 kHz ( - 6 dB) SSB 
Bandwldth l S k H z ( - 6 d B )  FM 
Sensltivlty 0.25 uV (12 dB S/N) 

SINAD 
I F  Fmquenclss 10.695 MHz SSB. 10.695 

MHz and 0.455 MHz FM 
SPUT~OUS - 60 dB 

- .-- .- IWELZ CORP. - - 
THE WELZ CORPORATION LINE OF STATION ACCESSORIES . . , . .  . 
W E U  swelalizes In WATTS. Measuring Watts and swllching Watts. radiating Watts and disslpatlng Watts is  what the 
WELZ line of wlnnen is  all about. ~ e l z - i s  the source for lop quality. superlor~prlonnlng, a l f ~ r d a b l e ~ r o d u c t s  to 
comDliment your mainframe radlo equipment from any source. increase the versstlllty of your measuring capabillly wlth 
WEU WIDE-2 Sensor(TM) power and ~s.w.R. meters, preclslon 50 ohm tenninatlons. Consene your coax dollars wlth 
the dual band Diamond Antennas for 1441430-440 MHz for base and mobile applications. Welzdual band duplexers let 
you feed two antennas on two dllterent bands with one feed line with no  switching or two transmltters onto one dual bar 
antenna simultaneously. W E U  has wattmeters and V.S.W.R. brldges from 200 mW to  2000 Watts lrom 500 kHz to 500 MH 
lreauencv ranoe. When vou need to measure in  RF Walls W E U  has a winner lor vou. The lu l l  line of Wattmeters 

7 , -  
encompasses many dllferenl models, some of whlch are shown In lhls fam~ly portrait. In sddlllon to both in.line and 
terminatina t v ~ e  waltmeters the W E U  line o l  Winners Includes several h l ~ h  quality dummy loads lor testlnp and tunina 
plus appllcatjhns requiring precislon 50 Ohm terminations. Frequency ranges of the W E U  loads are lypicaliy wider than 
slmllarly priced items from other sources. WELZ has winners i n  the economy circle also. The 
performance value ot the economy line of Wattmeters lrom W E U  Is really superior. Tht 
Instruments from W E U  are extremely well built and very easy to view. The portable unl 
such as the SP.lOx and the SP.380 provide reliable sewlce in  the l leld as well as In the I 
statlon. Send OSL type card for complete catalog of WELZ produrlc 

# 

15 
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Quality Value Performance 
KDK presents THREE NEW MODELS to  join the FM-2033. Now ONLY 
KDK has One model for each of the amateur bands from 50 MHz to 440 
MHz. The FM-6033 for 50 MHz is an FM radio for the 6-meter FM 
enthusiast. The FM-4033 is the 220 MHz radio just about everybody has 
been waiting for, and the FM-7033 is the 440 MHz UHF band model. All 
of these fine radios are models of simplicity of operation. One-hand 
single-knob tuning and memory recall provide the most convenient 
method of operating FM mobile. All models have automatic recall of 
the repeater offset from memory, subaudible tone encoders standard, 
small size for easy mounting (but big enough to  be comfortable to  use). 
The KDK FM-2033 (2M) and FM-4033 (220 MHz) are both a full 25 watts 
output. The FM-6033 (6M) and FM-7033 (440 MHz) are 10 + watts output. 
KDK radios are the most value-packed line of FM mobiles around. See 
your local KDK dealer and compare price and performance. You will be 
very glad you bought a KDK. 

NOW ALL KDK MODELS HAVE 
THE ENCOMM TWO-YEAR 
EXTENDED SERVICE PERIOD 
IN ADDITION TO THE 90-DAY 
LIMITED WARRANTY. 

I MAXPAC STACK 

The helpful line of handsome products. 
The THL line of amplillers, pre.amps. antenna couplers and tmnscelven pmvldes a broad line ol Ille's problems of needing 
"lust a llttle mom." Whatever It might be, look toTHL helpful products to aid In solving the probl signal stronger, your receiving 
better m d  can make your HF tmnsmltter happier wlth the match to the antenna. THL amplifier t VHF and 90 Watts on UHF. 
Uslng THL ampllflam, handy radlos can talk llke mobiles wlth low power input models 
whlch provide 30.100 or 180 Watts ol output. Models for 10.14 Watts input power or 25 
Watt output mobiles am available. 

Tha THL llne ol8ntanna eouplen prwldn Ilne quallQ hand c r a l l d  anlanna matehlnp network8 lor 
bolh low power appllcallona and larger power ampllllem runnlnp the I-aI Ilrnll. The THL anlanna couplar 
swles ha8 lull lealursa 1Ike bulll-In antenna mwltchlng lor chanplnp anlennas or bypa8alng the cwplar 
and an accunte V.S.W.R.lpower outpul Indlcalor on al l  models. Slvrdy conslructlon and honestly rated 

Bottom row: HL.lWV25 26W In 1WW out Zm nr.nwd. 3 of lOW In lor l W W  out 2m 
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NOT so 
e ra ,  but the dissipation is 1 I 

performance. 
so rapid you can't feel the So whether you're calling 
heat. That's why it's impor- ( i for fun. or calling for help. 
tant to know the cold facts i you can depend on Larsen 
about Larsen antennas. antennas and our no- 

Our exclusive Kulrod@ 1 nonsense warranty to de- 
whip minimizes RF loss ii I liver a strong, clear sipal . . . 
regardless of the watts 1 instead of a lot of hot air. 
applied. so you can talk (I , i 
farther. It stays cool to the I Sl7own in cut(/iuuy: T q  1 plating of hronze. Inner 

/ plrrtings of nickel. mpper 
is first plated with nickel. cmd nickel over stainless 
then with copper for high 

I dr(1w7n to scale. I 
I 
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I 
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rsen nntennas 
The Amateur's Professional'" 

See your favorite amateur dealer or wr~te f0.r a free amateur catalog. 
IN l lSA Larsen klrv ~ r ~ c l i i : ~  1111 IN <.;tblAIl:< (,,3,~~,>t,r L i r , , . ,  I !rr>n,c% Lld 

1161 I N I ..intl AVV PO f>nl 1 7 w  7~3 ,  I I ~ I ,  AV,, I IT,,, IF) 
Vancouvpr i"i4 98664 V:,,~r.luv#.r li c V'.T ?TO 
216-!17?-27?' rub: li7:, H5I 1 

V\RSFNm KULRODm AND KlII.DUCKIE* ARE REGISTERED TRADt MARKS i lr LARSEN ELECTRONICS INC 
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Includes all Current, Obsolete, An- 
tique. Hard-To.Find Receiving, 
Broadcast, Industrial, RadiolTV 
types. LOWEST PRICES, Major 
Brands. In Stock. 

UNITY Electronics Dept. H 

Is-41U I:, 170 and TS.130 
2 1 kHz 8 pole xtal ltller lor me R-lm 
2 1 kHz 8 pole xlrl llller lor me t7.m 

IS-930 NEW FM KIT True lm. xmll 6 rcv 30 warn, rr 
better man 2 ov senvlally I r e d  and lesled $139 MI 

IC-730. 740. 745. R70 and R71 radlos 

F l  757 available soon . . 

IEOM. K m d  nawdatsn 1 v6mS.m US 012 flml c1.n 
mall) $13 allsrhars. SASE lot dat.lll. 

4 

JRS 
Distributors 
646 W.  Market Street 
York, PA 17404 
(717) 854-8624 

Friendly 

Personalized Service 

Full Line of 

Amateur Radio Equipment. 
Factory Authorized 

Kenwood and ICOM dealer. 
Call us today 

Jim, K3JFL Jean K30AU 
Dale, KA3KOL ./ la 
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get on 6 meters - 
the inexpensive way 

Converting the 
CRT-I ICPRC-26 

The CRT-1fCPRC-26 radio set shown in fig. 1 is an 
ideal unit for low cost, multichannel 6-meter FM opera- 
tion. A Canadian-designed and manufactured six- 
channel, crystal-controlled receiver-transmitter, it 

covers the 47.0 to 55.4 MHz frequency range with a 
power output of 300 milliwatts. The receiver's sensi- 
tivity is2 microvolts; its deviation is approximately 15 
kHz. All that's necessary to make the CRT-1 ICPRC-26 
operational is a power supply and the Canadian version 
of the U.S. Military H-33lPT Handset. You can even 
modify the basic unit described in this article to include 

I speech limiting, squelch circuitry, and provisions for 
loudspeaker operation. 

theory of operation 
Figure 2 shows a block diagram of the radio set. 

Incoming signals are amplified in the RF amplifier, V7, 
and applied to the mixer, V8, along with the output 
of the crystal oscillator, V4, to produce an IF of 4.3 
MHz. The crystal frequency equals the frequency of 
operation minus 4.3 MHz. The IF signal is then ampli- 
fied through four identical IF amplifier stages and fed 
to the limiter, V10. The signal is then routed through 
the audio discriminator to the audio amplifier, V6, and 
to the earphone element of the handset via the out- 
put transformer, T I .  

Audio input from the microphone element of the 
handset is applied through the microphone trans- 
former, T2, to the modulator, V3. The qmplified audio 
is next fed to the master oscillator, V2, via the master 
oscillator coil. The audio input varies the frequency 
of the master oscillator to produce direct FM. The out- 
put from the master oscillator, V2, is then applied to 
the power amplifier, V1, and routed to the antenna 
via the output tuning network. 

Because the master oscillator is essentially a VFO, 
some method is needed to ensure that the transmitter 
frequency tracks the receiver frequency. Therefore, 
the output from the mixer, V8, is fed to the AFC 
amplifier, V5, during transmit, through the AFC dis- 
criminator to the master oscillator, V2, via voltage 
dividers R5 and R6. In effect, output from the crystal 
oscillator, V4, provides transmitter frequency control. 

power supply 
The power supply for the radio set consists of an 

inverter for high and low B + and a simple + 1.4-volt 

fig. 1. The CRT-IICPRC-26 radio set represents an easy wak BY Mark Starin, KB1KJt 457 V a r n e ~  Street, 
of "getting on" 6 meters. Manchester, New Hampshire 03102 
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V 6  
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YEADSET,  
M I X E R  

L I M I T E R  AUOIO 
PHONES 
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OSCILLATOR 

@ RECEIVER SECT ION 

ANTENNA v 
TRANSFORMER OSCILLATOR POWER 

A M P L I F I E R  

@ T R A N S M I T T E R  SECT ION 

DISCRIMINATOR 0 AFC 

VOLTAGE 
DIVIDERS 

MASTER 
OSCILLATOR 

@ AFC LOOP 

fig. 2. The CRT-IICPRC-25 radio set block diagram ( A )  receiver section. (6) transmitter section. and (CI AFC loop. 

filament regulator board. Bias is supplied by two 
+ 1.5-volt N cells connected in series and mounted on 
the filament regulator board. Both the inverter and the 
filament regulator board fit inside the battery box, 
which attaches to the rear of the radio set. A 
schematic of the filament regulator circuit is shown 
in fig. 3. 

The inverter can be either bought or built. A surplus 
transistorized inverter module, P/N 522-1091 -004, is 
available from Fair Radio Sales Company, Inc., (see 
fig. 41. The only disadvantage of this choice is that 
unless the inverter is modified, a +24-volt DC power 
source will be needed. This might prove to be a prob- 
lem for anyone operating from a typical automobile. 
A schematic diagram for this circuit is shown in fig. 
5. With + 13.8 volts power applied to U1, the input 
regulator circuit, R1, is adjusted until the output 
voltage present at C3 is + 140 volts maximum. This 
occurs when Q1 and 0.2 are biased into oscillation by 
R3 and R4, which produces high-voltage AC at the 
secondary of transformer T'I . This AC voltage is recti- 
fied by CR1, filtered by C3,. and applied to the input 
of the U2 output regulator circuit. Note that the 
LM317 is capable of high-voltage regulation provided 
the input voltage does not exceed the output voltage 

82 

I  5 v  

R I  
5 0  

C1.4 v 
1 3 . 8 V  

I N 4 0 0 1  

C R 2  
I N 4 0 0 1  

Except as Indicated. declrn8l 
values 01 capa~ I I an~e  are In mlero. 
fonds (SF); olherr are m plcolar. 
ads ipFh resistances a n  In ohms. 
k = I,WO M = 1.WO.WO 

fig. 3. The filament regulator circuit uses a pair of 1N4001s 
to meet the 1.4 volt bias requirements. 

by more than 40 volts. Therefore, I recommend that 
the input regulator be set to produce approximately 
130 volts at the input of U2 (approximately + 5 volts 
to the transistors). CR2 is a 40-volt zener diode that 
protects U2 if the input regulator circuit fails. Note 
that a simple voltage divider, consisting of R6 and R7, 
provides approximately +45 volts for the receiver and 
transmitter. 
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The + 1.4 volt filament regulator board consists of 
a series dropping resistor (two 50-ohm, 10-watt 
resistors in parallel), two IN4001 diodes shunted to 
ground, and a filter capacitor. Although there are alter- 
natives that will provide + 1.4 volts for the filaments, 
this circuit is especially simple. 

The two N cells are another way to provide needed 
voltage - in this case, the bias voltage for the receiver 

+I IOV 

INVERTER 

+SSV 
FAIR RADIO SALES CO 
INVERTER IOk 
( P I N  529 -1091-0041  PW 

Except as bdicalsd, dec1m.l 
values of cdpdclbnc. Ire In mlcro. 
Brads ( P F ~  olhsm am In pIc0t.r. 
ads (pF); resl6l.ncss are In ohms. 
h = 1.m M = 1.000,OW 

fig. 4. The inverter module, available from Fair Radio 
Sales, requires a +24 volt source of power. 

L 

audio amplifier. The N cells are mounted inside a stan- 
dard 9-volt battery holder and secured to the battery 
holder with nylon ties. The battery holder is then 
mounted on the filament regulator board. Transistors 
01 and Q2 are mounted on the top of the battery box. 
Their placement is not critical; almost any convenient 
location on the battery box will probably work satisfac- 
torily. The transformer is mounted inside the battery 
box on either the left or right side. The filament 
regulator board is also mounted inside the battery box 
on the side opposite the transformer. Connections 
from the power supply to the radio set are made with 
hookup wire wrapped around and soldered to the pins 
on the rear panel of the radio set. Heat-shrink tubing 
is then placed over these connections. In addition, a 
power cable was fabricated using a Radio Shack two- 
pin plug and matching jack (P/N 274-201 and 274-202), 
12-gauge wire, and battery clips (Radio Shack PIN 
270-3441. Figure 6 shows the power supply mounted 
in the battery box with the power cable attached. The 
dimensions of the filament regulator board are 1 inch 

table 1. Alignment procedure. 

VTVM channel adjust iddieation 

2-volt scale, - DC position 1-6 C3-C8 maximum 
C29-C34 - 1 volt 

(Insert the probe into 
pin 3 of the test socket.) 

10-volt scale, + DC position 1-6 C19-C24 zero indication between 
(Insert probe into positive and negative peaks 
pin 4 of test socket. 
Press PTT (push-to-talk) 
switch on handset.) 

C R 2  
40V 

.u sw 
F 

+ s o v  

+ 4 5 v  

Elbeplos hdlc.l.d, declml 
values 01 C.P.SII.~C~ a n  In micro. 
fbrad6 (sFk olhers a n  In pbofar. 
ads (pFk nslstances are In ohms 
k = 1.ooo M = 1.OW.m 

UNLESS OTHERWISE INDICATED 
ALL RESISTORS 1/4W CARBON 

+ , 
T I  STANCOR P - 6 1 5 4  

6.3 VCT, 1 . 9 1 .  

fig. 5. An inverter can be easily built around two LM317 ICs. 
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fig. 6. The complete radio set, shown with power supply 
and cable, measures 3 x 4.75 x 10.34 inches 17.62 x 12.07 x 
26.26 cml. 

(25.4 mm) by 2 inches (50.8 mm). The set's power re- 
quirements are as follows: 

receiver: + 1.5 volts, 550 mA; 
+ 45 volts, 12 mA; 
+ 90 volts, 30 mA; 
- 3 volts bias 

transmitter: + 1.5 volts, 850 mA; 
+45 volts, 8 mA; 
+ 90 volts, 30 mA. 

alignment 
The alignment procedure for the radio set is easy 

and does not require elaborate test equipment. A 
VTVM and d 5132-inch color TV tuning wand are 
necessary. 

First remove the battery box from the rear of the 
radio se t  Then remove the cover from the receiver- 
transmitter chassis. Apply +90, +45, + 1.5, and 
-3.0 volts to the radio set. (Don't forget to connect 
a dummy load to the antenna connector on the front 
panel.) Install the appropriate crystals for the desired 
operating frequencies. Set the OFFIQUIETILOUD 
switch to either the QUIET or LOUD position. Figure 
7 shows the radio set adjustment locations. Figure 8 
shows the major component locations. Table 1 iden- 
tifies the controls and proper indications to be observ- 
ed during the alignment procedure. 

obtaining materials 
The primary source of the CUT-IICPRC-26 Radio 

Set is Fair Radio Sales Co., 1016 East Eureka, Box 
1 105, Lima, Ohio 45802-1 105. Their 1984 catalog price 
for the radio set - described as "used" - is $12.95. 
(The "used" radio set we bought appeared to be in 

fig. 7. Alignment proceeds smoothly with easy access to the 
adjustable components. 

fig. 8. Exposed view of radio set with cover removed shows 
the location of the major components. 
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table 2. Spare module color codes and availability. 

availability 
module name color 11984) 

RF amplifier black no 
mixer brown no 
IF amplifier orange Yes 
limiter yellow no 
audio discriminator light green no 
audio amplifier dark green Yes  
crystal oscillator red Yes' 
AFC amplifier dark blue no 
AFC discriminator light green no 
rno coil white no 
modulator grey Yes  
transformers light blue no 

"'RF oscillator'' is stamped on the module housing. 

like-new condition.) The handset is also available at 
$8.95 and the schematic at $1.50. Fair Radio also sells 
spare modules at $1.50 each or 10 for $10 (you mix 
and match them). The inverter module is available 
from Fair Radio Sales for $9.95. Table 2 shows the 
color codes for the various spare modules and whether 
they were available from Fair Radio in 1984. 

Crystals for the radio set are normally CR-52AlU 
types that are not currently sold by Fair Radio. We 
were fortunate to obtain a complete CK-6IPRC-6 
quartz crystal unit set for an ANIPRC-6 that saved us 
the expense of buying individual crystals. (This crystal 

pack occasionally shows up at flea markets.) However, 
third overtone crystals (Type EX, available from Inter- 
national Crystal Manufacturing) should also work, 
although we haven't tried them. 

operation 
After installing the power supply, connect + 13.8 

volts to  the battery box rear connection, an antenna 
to  the front panel mounted BNC connector, and the 
handset to the audio connector on the front panel. Set 
the OFFIQUIETILOUD switch to either QUIET or 
LOUD. (Note that there is no deviation or microphone 
gain control on the radio set.) Because most of your 
contacts will probably be with stations operating 
narrowband equipment, back away from the micro- 
phone element on the handset when transmitting; this 
will help to  minimize over-deviation. 

Any antenna - from a quarter-wave whip to a 
multi-element Yagi or quad - can be used with this 
radio set. Although the 300 milliwatt output is 
definitely in the QRP category, a decent base station 
or mobile antenna will provide this little rig with a 
reasonable line-of-sight range. 
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YOU GET MORE "BANG FOR YOUR BUCK" 
AT TNT RAID118 SALES! 

I Kenwood I Mirage I MFJ I Welz 
I lcom I KLM I Astron I Azden 
I Bencher I Telex Hygain I AlphaJDelta I Santec 
I AEA I Nye Viking I Bearcat I KDK 
I Kantronics I Larsen I Regency I Ameritron 

SALES AND SERVICE AT PRICES YOU CAN AFFORD! 
CALL OUR WATS LINE FOR LOW LOW PRICES! 

I VISNMASTER CARD S.A.S.E. FOR OUR 
FREE SHIPPING "BENCH-TESTED" MONDAY - SATURDAY 

ON MOST RIGS FOR CASH! USED EQUIPMENT LISTING 9 AM to 6 PM CENTRAL TIME 
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IAshland. Ohio 44805 QOIW.RU(Un 
RIJU Ohio (419) 289-2228 1 

OUICK WEATHER PROTECTION PRODUCTS & ANTENNA ACCESSORIES 
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I PRODUCT L DESCRIPTION I M O ~ E L  I 

OIK.ON 

Polarolor. 
LNA. 
Wire Terminal 
and also 
Down Converter 
Weather Boots 

With "FloThr~" 81, 
vents lor humldily 
Control. 
P., 5n.1,w 

0IK.MOUNT 
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controlled vertical radiation 
rhombics, part 1: 

designing for 

For BIG performance - 
in a BIG backyard 

-- try rhombics 

Rhornbics aren't for everyone. Not many Amateurs 
have sufficient space on their small city or suburban 
lots to accommodate the generous dimensions of this 
useful, efficient antenna. Mine measures 277 feet on 
each leg, and requires an area that measures 525 by 
250 feet. Yet for those who have adequate land, rhom- 
bics can offer unusually high performance: the three 
wavelengths on my leg rhornbic, for example, puts an 
outstanding signal into Europe on 30 meters, and 
when the 18 and 24 MHz bands are open, this antenna 
is all set to go. 

In the mid-19301s, when the rhombic antenna was 
relatively new, ARRL experimenters1 found it to be 
useful for long-distance radio communications. 
League personnel strung hundreds of feet of wire, in 
an enormous diamond configuration, through the 
Connecticut woods with astonishing results: signals 
from as far away as Australia were clearly heard. 

As a young man, I duplicated the League's efforts 
behind my home in New Jersey. After climbing many 
trees, stringing springy lengths of No. 12 copperweld 
wire among and through their innumerable branches, 

high performance 

I succeeded in constructing a rhombic antenna termi- 
nated in a 100-watt carborundum resistor and fed with 
a 600-ohm open-wire line. It was not until retirement 
that I was able to build other rhombics; this article, 
a result of these later experiments, describes the de- 
sign of a rhombic that operates on the 160 through 
10 meter bands and offers controlled vertical radiation 
in the 40 through 10 meter bands. This feature allows 
mechanical tuning to the best operating configuration 
for any band. (Fixed rhombics are best for one fre- 
quency and perform well over a 2 to 1 frequency range 
only. 

Because this rhombic is terminated in its character- 
istic impedance, it is nonresonant; its input impedance 
is essentially flat over its entire operating range. In 
steady use since the 1983 Radiosport contest - when 

I I heard on 15 meters, such reports as "You're the 
only U.S. station coming through at this time," and ' "Your signal is overriding all other U.S. stations by 
10 to 15 dB" - it has performed admirably and ' presented no maintenance or durability problems. 

how does a rhombic work? 
To begin, let's consider the rhombic's horizontal 

radiation plane, realizing that a rhombic is simply four 
long-wire antennas arranged in the shape of a 
rhombus or "diamond." By terminating the rhombic 
in its characteristic impedance (with a noninductive 
resistance), a unidirectional lobing pattern is obtained 
in the direction of the terminated end; (see fig. 1). The 

By Henry G. Elwell, Jr., N4UH, Route 2, 
Box ZOG, Cleveland, North Carolina 27013 
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I of the minor axis, CD. Correct termination of the 
I antenna with approximately 800 ohms nonreactive re- 

fig. 1. Unidirectional lobing pattern of a rhombic antenna 
is generated by terminating it in its characteristic im- 
pedance through a dissipation line. Lobes 1.2.3. and 4 
combine their energy when 19, the tilt angle, is equal to 
90 degrees minus 4. 

16- 

12- 

\ 

2 a. * INCLUDES AN ALLOWANCE 
a OF 348 FOR LOSS IN . 
T l E R Y l N A T l N G  RESISTOR 

I LEG LENGTH (WAVELENGTH) 

fig. 2. Free space gain of a rhombic antenna over a half- 
wave dipole for zero wave angle. 

tilt angle, 8, shown in the figure, must be adjusted to 
equal 90 degrees minus the angle +, between the main 
forward power lobe and the individual leg, which is 
determined by the antenna length. This ensures that 
maximum directivity is on a line bisecting the rhom- 
bic as indicated. 

To obtain the correct phasing of the lobes for maxi- 
mum radiation in the desired direction, the straight- 
line distance, AB, between the center of the legs, must 
be one-half wavelength less than the distance ACB. 
This follows from the fact that lobe 1 is 180 degrees 
out of phase with lobe 3. By making the distance be- 
tween these lobes one-half wavelength (180 degrees] 
less, lobe 1 will arrive at point B in the correct phase 
to add to the field of lobe 3, and thus increase the in- 
tensity of radiation in the desired direction. A similar 
action takes place between lobes 2 and 4 on the other 
side of the rhombic. All other lobes combine to 
produce a cancellation of radiated energy in the line 

. . 
sistance produces an almost infinite front-to-back 
ratio. 

The issue of rhornbic gain is a controversial one. 
Figure 2 shows gain curves from two sources: The 
ARRL Antenna Book,2 and Rhombic Antenna Design, 
by A. E.  H a r ~ e r . ~  Both curves are free-space direc- 
tivity gains of a nonresonant rhombic over that of a 
dipole and are for zero vertical angle of radiation. 
E.  Bruce, the major developer of the rhombic, shows 
some actual experimental -data in his August, 1931, 
article in the Proceedings of the Institute of Radio 
 engineer^.^ His data shows that in comparison with 
a halfwave vertical antenna, his three wavelengths on 
a leg rhombic had a gain of 21 dB 10 percent of the 
time, to 7 dB 100 percent of the time, and 16 dB 50 
percent of the time. Put another way, the rhombic was 
always 7 dB better than the halfwave vertical, and 10 
percent of the time it was 21 dB better. That 21 dB 
relates to a power ratio of about 130; that is, a 1 kW 
output transmitter would have an effective radiated 
power of 130 kW with respect to a dipole - but only 
10 percent of the time. 

In a detailed article in the January, 1935, Proceed- 
ings of the IRE,5 Bruce described experimental data 
showing that three and one-quarter wavelengths on 
a leg rhombic had 14 dB gain over a halfwave hori- 
zontal dipole at the same height. A Yagi producing 
14 dB gain would require 12 elements - a rather large 
antenna; of course it would be capable of rotation over 
360 degrees. 

design 
For optimum performance, a rhombic antenna 

should be designed for one frequency or a very small 
band of frequencies, the pattern for which is best 
suited to the propagation conditions of the radio cir- 
cuit. Usually about all that a designer attempts to com- 
pute about this system is the characteristics of the 
main lobe. The enormous labor of computation quickly 
discourages analysis of a rhombic's complete radia- 
tion characteristics. Charts have been provided to 
assist in suitable designs as shown in the ARRL 
Antenna Book, or Laport's Radio Antenna Engineer- 
ing, figure 3.81 .'j By careful design (and acceptance 
of less than optimum performance) a rhombic antenna 
may be made to operate over an almost 3 to 1 frequen- 
cy range. This means that a fixed rhombic could oper- 
ate from 3 to 9 MHz, or from 7 to 21 MHz, or over 
any similar frequency range. It will be shown later that 
a Controlled Vertical Radiation (CVR) rhombic can 
operate well from its lowest design frequency to as 
high as practical before beamwidth becomes too nar- 
row for normal use. 

To properly analyze a rhombic over a range of fre- 
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quencies and desired vertical angle of radiation, it is 
necessary to have a method for observing quickly the 
effects of varying any single parameter in relation to 
all the others. These parameters are the antenna height 
above ground, the length of the legs, and the included 
angle between the legs, called the tilt angle (see fig. 3). 

The length and tilt angle (fig. 3A) are actual dimen- 
sions of the antenna proper and affect the free-space 
pattern. The height of the antenna, however, affects 
the directional characteristics only through what is 
called "ground reflection." In fig. 38, part of the 
radiated power goes directly from the antenna at the 
vertical angle of radiation, delta. The rest of the 
radiated power is directed toward the ground at the 
same angle. If the ground is assumed a perfect reflec- 
tor, the wave that is directed toward the ground will 
be reflected, undiminished in strength in the same 
direction as the original directly radiated wave. If the 
ground reflected wave arrives at a distant point (your 
QTH, for example) in phase with the direct (sky) wave, 
it will reinforce the received signal (voltage). If, how- 
ever, it arrives exactly 180 degrees out of phase, it will 
completely cancel it. 

In the practical case, neither the maximum of 6 dB 
reinforcement nor the complete cancellation ever 
occurs, since the ground is never a perfect reflector. 
Also, the reflected wave rarely reaches the unreflected 
wave exactly in phase or exactly out of phase unless 
the antenna is being used at a frequency exactly that 
of the design frequency. The effects of the ground re- 
flection will be treated separately from those due to 
antenna length and tilt angle. 

A computer can be used to observe the effect of 
changing certain parameters. However, it is much 
easier to see such changes by means of a graphical 
method Donald Foster described in the October, 1937 
issue of the Proceedings o f  the IRE. "If the direction 
of zero and maxima of K2 (the radiation function) are 
plotted on a spherical blackboard with the rhombus 
at the center, they consist of a coaxial system of small 
circles, of alternating maxima and zero . . . around one 
arm of the antenna as an axis, and an identical system 
of circles around the other arm of the antenna. The 
angle between the axis of the circles is the angle 2A 
(see fig. 3A) of the rhombus. This pattern on the 
sphere is ideally suited to representation on the plane 
by means of the sterographic projection."' 

While his method probably sounds complicated, it 
actually summarizes a very simple and easily grasped 
idea of what happens as the parameters are changed. 
Antenna enthusiasts will recognize the "zero and 
maxima of K2" as the first null and main lobe of the 
antenna field intensity graph of "Angle with Respect 
to Wire Axis vs Length of Wire in Wavelength" shown 
in figure 15 in the second chapter of the ARRL 
Antenna Book. 

n - NUMBER C+ W4VELENGTHS 
PER LEG . L 

S I G N A L  R I D l A T E O  

SIGNAL DUE TO 
GROUND R E F L E C T I O N  

, @jrd/ 
H .  HEIGHT: F E E T  = 984 

'UHZ 

A * VEFITICAL ANGLE OF RADIATION 

fig. 3. Definition of rhombic antenna parameters. In (A) 
Length, L, and tilt angle, 0, are actual dimensions of the 
antenna and affect free-space pattern. In (BI, park of the 
radiated power goes directly from the antenna at angle A. 

Without going into the mathematics of their con- 
struction, the following discussion will help you to 
make your own stereographic representation. 

construction of stereographic overlays 
The free-space pattern charts are made by the use 

of fig. 4, which shows the angles of the maxima and 
nulls in long wires. This is the same as figure 15 of 
chapter 2 of the ARRL Antenna Book, but shows up 
to the 8th maxima and null instead of just the first. 

Step 1. Draw a 6-inch diameter circle and place 
perpendicular vertical and horizontal lines through its 
center; refer to fig. 5. 
Step 2. Lay out 0 to +90 degree tick marks around 
the periphery of the circle counterclockwise and clock- 
wise from the right horizontal line intersection of the 
circle. 

Step 3. From the -90 degree position on the 
perimeter of the circle, draw straight lines to 0, . . ., 80, 
90 degrees and label the points where they intersect 
the horizontal line as 0, 10, ..., 70, 80 degrees. For 
ease of viewing fig. 5, only the 20, 50, and 70 degree 
lines are shown. 

The labeled points represent the vertical angle of 
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1 Step 7. Place a mark on the circle perimeter at f 36 

LENGTH OF STRAIGHT WIRE (WAVELENGTHS) 

fig. 4. Angles of maxima and nulls in long wires 
carrying standing waves. 

fig. 5. Stereographic map of the radiation pattern for a 
two-wavelength straight wire in free space. 

radiation of the rhombic. It will be necessary for future 
work to have this as an overlay for a scale for deter- 
mining the vertical angle of fire of other rhombic 
designs. 
Step 4. Determine the number of wavelengths to be 
analyzed (2 wavelengths, for example). 
Step 5. Using fig. 4, draw a vertical line up from the 
2 wavelength point to the curve. Read off the indicated 
value. 
Step 6. Tabulate the angle of maxima and nulls from 
Step 5; maxima at 36 and 75 degrees, nulls at 60 and 
90 degrees. 

degrees. Draw a dotted circle through those two 
points and the 36 degree point on the horizontal line. 
The center of that radius must lie on the horizontal 
line extended to the right of the circle. That dotted 
line represents the first maximum of a radiating wire 
two wavelengths long. Repeat for _+ 75 degrees, which 
represents the second maximum. Repeat the same 
two angles from the left side of the chart, which repre- 
sent the reverse direction of fire. 
Step 8. Place marks at + 60 and 90 degrees and draw 
solid-line curves, which represent the first and second 
nulls respectively. Repeat for the reverse direction. 

You now have a one-leg pattern of a two- 
wavelength long rhombic. You will need two of them 
for analysis, as will be explained. 

A ground reflection overlay is also needed and is 
made as follows. 

Step 1. Draw a 6-inch diameter circle with a perpen- 
dicular horizontal and vertical line through its center; 
see fig. 6. 
Step 2. Determine the number of wavelengths above 
ground the antenna is to be placed (one wavelength, 
for example). 
Step 3. Using fig. 7,8 tabulate the null and maximum 
vertical angles of radiation for the chosen height. For 
one wavelength (360 degrees) we have 15 degrees, 
48 degrees maximum and a 30 degree null. 
Step 4. Place the scale for determining the vertical 
angle of fire of the rhombic under the 6-inch circle and 
place a mark on the horizontal line at the 15 degree, 
48 degree, and 30 degree vertical angle of fire points. 

Step 5. Draw dotted-line circles through the 15 and 
48 degree marks using the center of the 6-inch circle 
so as to produce concentric circles. Draw a solid-line 
circle through the 30-degree line in the same manner. 
The dotted circles represent the first and second 
maxima, and the solid line represents the first null. 

The three stereographic maps are all that are re- 
quired to design a two wavelength on a leg rhombic 
mounted one wavelength above the ground. All other 
maps are made the same way for different leg lengths 
and heights. 

During World War II Richard Bluhm, W2KXD, 
adapted Foster's graphical method to make it practi- 
cal for use by the average person. In an unpublished 
paperg written in 1944, he provided a means of rapidly 
designing horizontal rhombic antennas using Foster's 
stereographic overlays. Even though the data obtained 
by his method is not precise, results obtained during 
wartime erection of rhombics by the military bear out 
mathematical calculations with excellent accuracy. 

The design of my rhombic is based on W2KXD's 
method. In discussions with him, we both felt that his 
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stereographic charts (almost 50 in number) should be Number 1 dotted curve intersecting a Number 2 dotted 
available to Amateurs interested in designing and con- curve, points Y and Z on fig. 8, gives a lobe which 
structing rhombics." is 10.6 dB lower in level than a (1,l) intersection. A 

Figure 5 is the stereographic representation of the (2,2) intersection point A on fig. 8 is 21.1 dB lower 
free-space radiation function of one leg of a rhombic 
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antenna. The length of this leg is two wavelengths. 
Let's review it for emphasis. Looking from right to left 
on fig. 5, there is first a dotted line, then a solid line, 
then a dotted line and so forth. The dotted curves 
represent the maxima circles described by Foster. The 
solid curves represent the zero circles. A drawing iden- 
tical to fig. 5 is then superimposed on the drawing 
shown in fig. 5. Each represents the radiation func- 
tion of a two-wavelength leg of a rhombic antenna. 

Suppose it is desired to have a tilt angle of 70 de- 
grees. From fig. 3A we can calculate 2A = 40 
degrees. By rotating the superimposed drawings so 
that a 40 degree angle is realized between the axes 
of the two legs, we obtain the actual free-space 
radiation pattern of a rhombic antenna with two 
wavelength legs, and a tilt angle of 70 degrees; see 
fig. 8. 

By studying fig. 8, it can be seen that the first 
dotted lines of the two drawings intersect at point X; 
that is the main lobe. Next, consider the first dotted 
line of the lower leg and note that it intersects the 
second dotted line of the upper leg at point Y. The 
second dotted line of the lower leg intersects the first 

4 

i? 4.- 

t 

*: 3 - -  
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fig. 6. Ground interference pattern; antenna height one 
wavelength. 
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dotted line of the upper leg at point Z. Other points 
of intersection are at points A, B, C, D, E, F, and G 
as shown in fig. 8. These intersection points of the 
dotted circles represent points of maximum radiation, 
or lobes, of the antenna. 

A line drawn from the center of the figure through 
point X is extended to the edge of the great circle. This 
line is now called "the axis of the antenna," and is 
the line in which the strongest lobe of the rhombic lies. 
The strongest, or main lobe of a rhombic will always 
fall exactly midway between the two legs of the anten- 
na if it is designed correctly. 

The next step is to number the dotted curves at the 
periphery of the circle for ease of handling. The 
dotted lines of the upper leg are numbered 1,2,3, and 
4, starting with the lower end of the first dotted line 
and going clockwise. The dotted lines of the lower leg 
are also numbered 1, 2, 3, and 4, but starting at 
the upper end of the first dotted line, and going 
counterclockwise. 

When a Number 1 curve intersects another Number 
1 curve, the resulting point is that of maximum radia- 
tion of the antenna. Other intersection points, called 
minor lobes, do not reach the level of the (1 ,I inter- 
section point. For instance, (refer to table I ) ,  a 
-= . 

"A complete set of approximately 50 8% by 11 inch overlays may be ob- 
tained from the author. These overlays are in photocopied form and will have 
to be made into transparencies for actual use. - Editor. 

2 0 0  4 0 0  6 0 0  8 0 0  1 0 0 0  I 2 0 0  

H E I G H T  l B O V E  GROUND l O E G R E E S l  

fig. 7. Vertical radiation angle vs. maximum and null 
angles for various antenna heights in electrical degrees. 



table 1. Decibel differences between main lobe and subsequent minor lobes on rhornbic antennas. 

rhombic radiation lobes 
1 2 3 4 5 6 7 8 9 10 11 

1 0  
2 10.6 21.1 
3 15.1 25.6 30.10 
4 18.0 28.6 33.10 36.0 
5 20.2 30.8 35.25 38.2 40.40 
6 21.9 32.5 37.00 40.0 42.10 43.9 
7 23.4 34.0 38.50 41.1 43.60 45.3 46.8 
8 24.6 35.2 39.70 42.6 44.80 46.6 48.0 49.3 
9 25.7 36.3 40.80 43.7 45.90 47.7 49.1 50.4 51.4 

10 26.7 37.3 41.75 44.7 46.90 48.6 50.1 51.3 52.4 53.40 
11 27.6 39.2 42.60 45.6 47.75 49.5 51.0 52.2 53.3 54.25 55.1 

power difference (dB) 

in level than the (1,l) intersection. The (4,4) intersec- 
tion, point G is 36 dB lower, and so forth. 

As the number of wavelengths on a leg increases, 
the number of dotted curves increases. For a compos- 
ite overlay of two ten-wavelength legs, there will be 
twenty dotted curves per leg. Table 1 gives levels only 
up to the eleventh curve since the minor lobes beyond 
this point are so weak in comparison to the main lobe 
as to be negligible. If at any time a solid curve inter- 
sects two dotted curves at or near their intersection, 
the lobe made by these curves intersecting will be 
cancelled or considerably reduced. That holds true in 
all cases. For instance, the (1,2) intersections, or the 
Y and Z points in fig. 8, are very close to the outside 
circle, which represents the horizon. Since these two 
lobes are depressed to just above the horizon, they 
may be considered as absorbed by surrounding hilts 
or buildings, so that they will be of little use. 

To find the vertical angle of fire of each of the lobes, 
fig. 9 is superimposed on the drawings. Figure 9 is 
the scale used for determining the vertical angle of fire 
for the various lobes of the rhombic antenna. When 
fig. 9 is placed coincident with fig. 8 (all figures are 
transparent), the main lobe, point X, will be at a 30 
degree vertical angle of fire. Points Y and Z have about 
5 degree vertical angle of fire, which is too low to be 
usable except at the higher frequencies. Point A has 
about a 73 degree angle, points B and C about 90 de- 
grees, and so forth. 

The great thing about this stereographic method of 
analysis is that angle 2A between the two legs can be 
easily changed. As the angle is made greater, the two 
legs move apart, the main intersection travels out 
toward the horizon, and the vertical angle of radiation 
becomes less. Angle 2A can be increased until the in- 
tersection of the number one dotted curve reaches the 
horizon with a vertical radiation angle of 0 degrees. 
Further separation between the two legs causes the 
main lobe to split into two lobes. Although not ob- 

fig. 8. Free space pattern, two-wavelength. Note: the 
horizontal and vertical lines are for reference to the 
antenna plane only and are not seen in the overlays. 

vious, the two split lobes are excessively sharp hori- 
zontally; yet despite this sharpness, the gain must 
necessarily be very low. Some of the minor lobes will 
have magnitudes as great or perhaps greater than the 
main lobe. The energy of the system is leaking out 
through other lobes in other directions rather than 
being concentrated in the main lobe. It might be diffi- 
cult to discover this situation by arithmetical computa- 
tions, but it is quicky observed by using stereographic 
charts. For a fixed rhombic beam, the upper frequency 
use is limited at the point at which the beam splits. 

ground reflection effects 
We must now consider the ground reflection or 
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ground interference effects on the free-space pattern 
of the two wavelength rhombic discussed above. To 
keep it simple, an antenna height of one-half wave- 
length will be used; it has only one reflection agent. 
Figure 10 shows the ground pattern, which is the 
dotted circle, for one-half wavelength high antenna 
superimposed on fig. 8. Dotted lines represent an in- 

fig. 9. Scale to determine vertical angles of fire on 
rhombic antennas. 

fig. 10. Superimposition of two-wavelength rhombic free- 
space pattern and one-half wavelength height ground 
interference pattern. 

phase reflection reaching the antenna, whereas solid 
lines represent cancellation. The one-half wavelength 
height has no out-of-phase reflection radiation. 

Note that the dotted circle intersects the free space 
antenna pattern exactly at point X, which is the main 
lobe point. (This happened only because the problem 
was done before writing this article, of course). That 
means the in-phase reflection has arrived to reinforce 
the main lobe. As noted previously, an additional 6-dB 
reinforcement of the main lobe has occurred. Points 
Y and Z of fig. 10 are quite distant from the dotted 
circle and therefore are not reinforced. That means the 
main lobe has now increased to 16.6 dB instead of only 
10.6 dB stronger than the next two strongest lobes 
(Y  and Z) merely by choosing the correct antenna 
height. 

Point A, the next strongest lobe, has not been rein- 
forced by ground reflection and consequently has also 
been reduced with reference to the main lobe. Points 
8 ,  C, E, F, and G are relatively close, however, to the 
reflection circle. While they will not be reinforced by 
6 dB, since they are not exactly on the reflection circle, 
they have been reinforced by perhaps 4 dB so they 
have only decreased by a matter of, say, 2 dB with 
respect to the main lobe. 

The wavelength height of the antenna may be raised 
by using higher towers for a given frequency or by in- 
creasing to a higher frequency with fixed antenna 
height. As the wavelength height of the antenna is 
raised, the number of reflection circles increases, and 
a number of solid lines representing ground interfer- 
ence appears on the stereographic overlays. For ex- 
ample, at a height of one wavelength, two reflection 
circles separated by an interference solid-line circle ap- 
pear. At two wavelengths, there are four reflecting 
dotted circles and three interference circles. Different 
ground interference pattern overlays are therefore 
required. 

design of 20-meter rhombic 
Now we have an idea of what the use of the overlays 

can do for us in designing rhombics. Let's apply that 
information to the design of a rhombic for use on the 
20-meter band. We want it to be four wavelengths on 
a leg and have it one wavelength high. The problem 
is to determine the best tilt angle for these conditions. 
Note that this is not the proper way to start a rhombic 
antenna design. The proper way is to first determine 
the radio circuit path desired, and therefore the desired 
vertical angle of radiation between the transmitting and 
receiving stations; review reference 8. Then design the 
rhombic to include that radiation angle. However, the 
stated problem will best review the use of the stereo- 
graphic overlays, permitting you to do what you really 
want to do. 

Superimpose two "leg pattern - four wavelengths" 
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and one "ground interference pattern - one wave- 
length." Rotate the two leg pattern overlays so that 
their (1 ,I curves intersect at the outermost dotted 
circle of the ground interference chart. Measuring the 
angle between the two legs, we find it to be 42-112 
degrees, which is the angle 2A of fig. 3A. The tilt 
angle, 8, will be calculated to be 68-314 degrees. If 
the scale for determining the vertical angle of fire, 
fig. 9, is placed on the other charts, it shows the verti- 
cal angle of radiation for our rhombic to be 14 degrees. 
Figure 11 shows the resulting composite of the 
overlays, first maxima only. 

All the essential design factors of the rhombic have 
been found. They are: leg length = four wavelengths; 
height = one wavelength, tilt angle = 68-314 
degrees, angle of fire = 14 degrees. The relative 
strength of the minor lobes and the front-to-back ratio 
can be found by referring to table 1. The front-to-back 
ratio in this case is about 51 dB. This is found by deter- 
mining the intersection of the last two dotted curves 
which lie on the line extending in back of the main 
lobe. These will always be the dotted curves nearest 
the left-hand edge of the solid circle of the leg pat- 
terns (not shown in fig. 11 ). In this case they are the 
Number 8 curves counting from right to left on the 
leg patterns. Referring to table 1, the lobes produced 
by the intersection of the Number 8 curves or (8,8) 
point is 49.3 dB weaker than the main or (1,l) lobe. 
The main lobe has a ground reinforcement of 6 dB. 
Because the ground reflection pattern does not pass 

fig. 11. Overlay of two two-wavelength leg patterns, a 
ground interference pattern one wavelength high, and 
scale for determining vertical angle of radiation. Inter- 
section with the first maximum ground interference line 
of first maximum (1.1) produces a 2A = 42-112 degree 
angle, and a vertical angle of radiation of 14 degrees. 

directly through the (8,81 lobe, but only near it, a 
ground reflection of about 4 dB will accrue. The dif- 
ference between these two reinforcements is thus 2 
dB, which further increases the front-to-back radio to 
51.3 dB. In round numbers, this is about 51 dB. The 
vertical angle of radiation of the (8,8) lobe is about 22 
degrees. 

Note that there is a (7,7) rear lobe falling exactly on 
the second ground reflection circle. However, the ver- 
tical angle of radiation is about 48 degrees, which will 
probably be lost into space at 14 MHz. 

determination of vertical 
and horizontal radiation patterns 

Figure 12 duplicates fig. 8, but with many lines 
eliminated to make the figure less "busy." Radial lines 
have been drawn from the center of the figure through 
each lobe point and extended a distance beyond the 
horizon circle. Starting at the axis of the antenna, the 
angle between the lobes is measured and recorded. 
These radial lines at the recorded angles are then 
reproduced on polar coordinate paper; see fig. 13. The 
radial lines at their correct angular displacement from 
the axis of the antenna are marked with their cor- 
responding dotted line intersections. That is, the axis 
of the antenna will be marked with (1,l) and (2,2) 
because the Number 1 dotted curves and the Number 
2 dotted curves have their intersections on that line. 
The other lines are similarly marked. 

Next the ground interference pattern for an anten- 
na height of one-half wavelength as shown in fig. 10 
is examined and the strength of all lobes as previous- 
ly discussed (table I), are tabulated. They are: 

(1,l) = 0 dB (3,3) = -30.1 dB 
(2,1)= -16.6dB (4,3) = -35.1dB 
(2,2) = -21.1 dB (4,4) = -38.0 dB 
(3,2) = -27.6 dB 

The scale on the polar coordinate paper is then laid 
out from 0 dB through 50 dB in 10-dB increments; see 
fig. 13, and the lobes are plotted with reference to 
these circles. 

This is only a relative pattern because it does not 
take into account the effect on the pattern of the dif- 
ferent vertical angles of fire. For instance, the (2,l) 
lobes are greatly attenuated because of their low angle 
of fire, resulting in absorption by surrounding hills or 
buildings if in the vicinity of the antenna. However, 
the pattern does show the relative strengths of the 
peaks of the lobes in the horizontal plane and should 
prove very useful. 

The determination of the strengths of the lobes at 
any point on, with the exception of the peak, is not 
readily determined through the use of the stereo- 
graphic projection. The horizontal angle covered by 
the major lobe may be roughly found by drawing a 
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circle with the center at the (1,1) intersection, (or at 
the center of the spherical triangle formed by the in- 
tersection of Number 1 curve and the ground inter- 
ference circle, depending on whether all three curves 
intersect in one point or not) and a radius equal to one- 
half the distance between the intersection (or spherical 
triangle) and the nearest solid null curve. Lines tangent 
to this small circle drawn from the center of the large 
circle will form an angle which is a rough estimate of 
the usable horizontal beam width. On fig. 8, the small 
shaded circle is the circle mentioned above. The beam- 
widths of the minor lobes are not readily obtainable, 
but this should not prove objectionable since the major 
lobe is the only one which is used in most of the cases. 

The vertical plane diagram is constructed in a similar 
manner as the horizontal pattern, except that fig. 9 
is used to determine the vertical angles. These are: 

fig. 12. Same as fig. 8, but with intersection points only 
shown with angular displacement of intersections from 
main lobe direction. 

(1 ,I = 29 degrees (3,3) = 75 degrees 
(2,l) = 7 degrees (4,3) = 27 degrees 
(2,2) = 75 degrees (4,4) = 30 degrees 
(3,2) = 35 degrees 

fig. 13. Horizontal plane pattern for two-wavelength 
rhombic antenna. 4 = 70; antenna height = one-half 

I wavelength. 
1 I 

This gives some interesting results. Above about 
7 MHz the (2,2) and (3,3) lobes may be considered use- 
less since they will penetrate the ionosphere at such 
high angles. As previously stated, the (2,1) lobes are 
radiated at such a low angle as to be useless on all 
but extremely local signals or at extremely high 
frequencies. 

Returning to the vertical plane pattern, radial lines 

are again laid out, only this time the vertical angles 
of fire are used in place of the horizontal radiation 
angles. All those lobes falling to the left of the center 
of the circle are plotted to the left and all those falling 
to the right are plotted to the right. Those falling to 
the left will be (3.31, (4,3), (3,2) and (4,4). Those 
falling to the right will be (1,1), (2,l) (3,2) and (2,2). 
Since the (3,2) lobes fall exactly on the center line of 
the circle, see fig. 8, (axis of the antenna being 
horizontal) one will be plotted to the left, and one to 
the right. This is not a strictly accurate geometrical 
layout of the pattern but will suffice since the deter- 
mination of the relative strengths of the lobes in the 
vertical plane is all that is desired. The levels deter- 
mined for the horizontal plane pattern may be used, 
without change, for the vertical plane pattern. The 
complete vertical plane pattern is shown in fig. 14. 

Through the use of different height curves, leg 
length curves, and tilt angles, unwanted lobes may be 
eliminated or effectively reduced and desired lobes 
may be reinforced. The use of leg lengths longer than 
eight or ten wavelengths is inadvisable because of the 
subsequent reduction in width and height of the 
radiated lobes. A reduction of this sort is conducive 
to fading and makes the aiming of the antenna ex- 
tremely critical. 

A compass rose may be superimposed on the draw- 
ing as an aid in determining the angle between the legs 
of the antenna and the angles between the main lobe 
and the minor lobes. The use of an angle between the 
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table 2. Beamwidth as a function of leg length. Beamwidth is the point where power is 3 dB down from the maximum 
power point. 

number DXCC countries within beamwidth 

leg beamwidth forward direction reverse direction 
wavelength (degrees) (from North Carolina) 

1 30 84 4 
2 25 77 4 
4 17 63 4 
6 10 43 4 
8 8 40 4 

10 6 35 3 

fig. 14. Vertical plane patternfortwo-wavelength rhombic 
antenna. + = 70; antenna height = one-half wavelength. 

legs, such that the two Number 1 curves do not inter- 
sect, should be avoided, because this will effectively 
eliminate the major lobes, which is the most effective 
source of power from the rhombic antenna. 

multiband operation 
One of the most useful features of a rhombic an- 

tenna, as previously mentioned, is its ability to operate 
efficiently over a wide frequency range. The two- 
wavelength rhombic illustrated in fig. 8 will be used 
as an example. Suppose it is desired to operate this 
antenna on 4 MHz. Its legs will then be two wave- 
lengths long and its height will be one-half wavelength. 
On 4 MHz, using the formulas of fig. 3, two 
wavelength legs will be 485 feet long, and the height 
of the antenna will be 123 feet. Now, if the operating 
frequency is made 8 MHz, the length of the legs will 
be four wavelengths long at this frequency, and the 
antenna height will be one wavelength. Suitable over- 
lays for the leg length and antenna height for this fre- 
quency are now set up, retaining the 70 degree tilt 
angle previously used. The major lobe will now be 
found to have an angle of fire equal to 15 degrees 

which is approximately the optimum angle of fire for 
8 MHz. The horizontal azimuthal angle covered by the 
major lobe has now been reduced to 17 degrees in- 
stead of the original 25 degrees. The antenna will work 
practically as well, therefore, on 8 MHz, as it does on 
4 MHz. The only change worth noting is the reduc- 
tion of the beamwidth, since the 15 degree angle of 
fire is about optimum for 8 MHz, as is the 30 degree 
angle for 4 MHz. 

Suppose the frequency were now increased to 12 
MHz. The legs will now be six wavelengths long and 
the height will be one and one-half wavelengths. The 
pattern is again set using the appropriate overlays. It 
will be noted that the two (1,l) curves, depressed to 
the horizon, form a spherical triangle with the first 
ground interference circle. While this materially 
reduces the strength of the major lobe, it is still usable. 
The angle of fire is taken from the center of 
the spherical triangle and is found to be about 7 
degrees. While this is rather low for 12 MHz, it will 
work fairly well in locations where the antenna is well 
out in the clear and away from any trees or buildings. 
This rhombic antenna, therefore, may be said to be 
extremely effective over a 2 to 1 frequency range 
(4 - 8 MHz) and fairly effective over a 3 to 1 frequency 
range (4 - 12 MHz). It would work over any 3 to 1 fre- 
quency range, 6 to 18 MHz, 8 to 24 MHz, or any similar 
range. Of course appropriate leg lengths and heights 
would have to be used for two wavelength legs and 
one-half wavelength for the lowest frequency. 

beamwidth 
The beamwidth of a rhornbic is generally a function 

of the leg length. Table 2 indicates beamwidth 
versus leg length. Beamwidth is defined as the angle 
where a 3 dB loss has occurred from the maximum 
power point. From Salisbury, North Carolina, with the 
rhombic pointed at approximately 47 degrees from 
north, which is the bearing for London, England, many 
countries can be worked as shown in table 2. 

By switching the feedpoint to the rhornbic including 
the terminating resistor, to the opposite end of the 
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fig. 15. A controlled vertical radiation ICVR) rhombic antenna showing extremes between lowest frequency use (solid lines) 
and highest frequency use (dotted lines.). 

rhombic, its direction of fire will be reversed 180 
degrees. Table 2 also shows the number of DXCC 
countries workable within the stated beamwidths in 
the reverse direction - not very many. It is, however, 
a "pipeline" through Mexico, Pitcairn Island, Clipper- 
ton, and MacQuarie. With a rhombic on Japan, South 
America should be blanketed in the reverse direction. 
Unless you are interested in a particular point-to-point 
radio path, rhombics longer than 10 wavelenths are 
too narrow for general use. 

controlled vertical 
radiation rhombic 

Now that you know how to design a rhombic anten- 
na, let's move on to a more specific aspect of design, 
the controlled vertical radiation (CVR) rhombic. Bruce 
and Beck, in the April, 1935 Proceedings of the l R f O  
described experiments made with a steerable rhombic 
during reception of transoceanic shortwave signals. 
The first and last I'd read about it in Amateur Radio 
was an article in April, 1937, issue of OST." In this 
account, W6AUX and W7CNX reported on their 
operation of a CVR rhombic in the 20-meter band. 
While not claiming anything new, I am expanding the 
CVR principle to provide a rhombic that can operate 
at a design efficiency anyplace in the Amateur bands 
with a limitation only on the minimum acceptable 
beamwidth. 

A CVR rhombic is simply a rhombic whose shape 
may be changed by physical means; see fig. 15. By 
having pulleys on the side towers and one end tower, 

NALFOF SIDE INTERIOR ANGLE (TILT ANGLE, DEGREES) 

fig. 16. Change of vertical angle of radiation with change 
of tilt angle for various operating frequencies. (By 
E. Bruce in 1935.) 

the tilt angle of the rhombic may be changed and set 
to any desired number of degrees. 

Let's see what Bruce and Beck say about that. They 
were studying rapid fading in radio circuits, and the 
possible cause being the interaction of different 
components of a radio signal having different trans- 
mission times. Their past observations had indicated 
that fading was affected by the directivity of the re- 
ceiving antenna. Tests in 1934 had shown that a 
greater degree of angular spread between multiple 
path waves exist in the incident vertical plane than in 
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the horizontal plane. So they devised a rhombic of the 
type of fig. 15 and ran extensive tests. Their article 
concludes, "It is believed that the results, discussed 
in this paper, demonstrate that sharp angular dis- 
crimination is a basically sound method of combating 
selective fading." 

Of greater interest to Amateurs is not the minimizing 
of fading, but the fact Bruce's and Beck's tests 
showed that the vertical angle of radiation from a 
rhombic can be varied 12 to 14 degrees for a given 
frequency. While it's possible to do that with a Yagi 
antenna by raising and lowering its tower, how many 
hams would want to do that? The compromise - a 
good one - is to have a high Yagi for long-haul or 
band-opening contacts, and a low one for staying 
within the skip zone into Europe when the band is wide 
open. However, we're talking about a rhombic with 
superior gain over a Yagi when the rhombic is 
operating at its peak. 

Figure 16 is a copy of the BruceIBeck curve 
showing steerability, at several wavelengths, of the 
horizontal rhombic antenna used for fading reduction 
studies. We can call it the vertical radiation angle ver- 
sus the rhombic tilt angle. Think about setting your 
rhombic on 20 meters for a 7 degree vertical angle of 
radiation as sunrise approaches to get real long haul 
or early band openings, and then as the day continues, 
changing the radiation angle to 12 degrees or more 
to put a commanding signal into Europe when the 
band is fully opened. When motorized, it would be 
possible to tune the antenna for maximum received 
signal strength from the desired location. 

In the 1937 QSTarticle, using the same idea, Moore 
and Johnson concluded the following: 

1. That there is an opthum angle in the vertical plane 
for transmission as well as reception. 

2. That the optimum angle for transmission and recep- 
tion are close together although not necessarily 
coincident. 
3. That there is, under normal conditions, only a very 
limited region in the vertical plane in which useful 
radiation takes place, and that energy directed into any 
other region in the vertical plane is largely wasted. 
4. That the optimum angle of  transmission changes 
from time to time with changes o f  seasons and con- 
ditions, but that there is no material change within a 
short interval of time. 
5. That controlled directivity in the vertical plane is 
relatively more important than directivity in the 
horizontal plane. l 

Now that rotatable arrays are the accepted thing, 
the fifth claim is debatable. However, in the 1930's one 
would have assumed Bruce and Beck meant that the 
proper vertical angle of radiation to a given point is 

more important than the gain of the antenna; gain and 
directivity, at that time, seemed to have been synony- 
mous. A very high gain antenna whose vertical angle 
of radiation over-shot the desired reception point 
would be a poor performer in comparison to a dipole 
whose vertical angle of radiation was such as to give 
maximum reception at the receiving point. 

From earlier discussions, we have learned that the 
vertical angle of radiation does change as we vary the 
tilt angle of the rhombic. That change is very easy to 
see with the stereographic overlays. Unfortunately for 
the earlier investigators, Foster did not publish his 
works until October, 1937.7 

We must not be left with the impression that we 
are getting something for nothing when we change 
the vertical angle of radiation by tuning the tilt angle. 
If you recall the analysis section above, you will 
remember that the tilt angle during design is adjusted 
to fall on a dotted circle of the ground interference pat- 
tern to give a 6 dB boost from the ground reflected 
signal. By tuning the tilt angle during operating 
periods, that ground reinforcement deteriorates. How- 
ever, this is where point five of the Moore lJ~hnson~~ 
conclusions becomes important; controlled directivi- 
ty in the vertical plane is more important than gain in 
the horizontal plane. Since we can tune the tilt angle 
for maximum received signal, the law of reciprocity 
of transmittedlreceived signals says we are at the best 
operating conditions for the radio path in use. 

The most interesting thing about being able to 
change the configuration of the rhombic is the ability 
to tune the antenna to the operating Amateur band 
desired. It was earlier stated that a fixed rhombic can 
be made to work reasonably well over a range of fre- 
quencies of 3 to 1. As the frequency gets higher, the 
vertical angle of radiation gets lower until at some fre- 
quency the main lobe splits and the rhombic no longer 
has high operating performance. 

The CVR rhombic can be adjusted for peak per- 
formance at any Amateur band. For example, if for 
a given arrangement, the antenna frequency is in- 
creased to the lobe splitting point, it is necessary only 
to lengthen the overall configuration to raise the ver- 
tical angle of radiation and bring the split lobes 
together again at the higher frequencies. 

RF feed to a rhombic 
This discussion of feeding RF to the rhombic is 

based on the understanding that the antenna will be 
terminated in its characteristic impedance. By so ter- 
minating it, we can take advantage of the excellent 
front-to-back ratio that distinguishes this antenna from 
other types, as discussed earlier. The method of ter- 
mination will be discussed later. 

The antenna input impedance changes with fre- 
quency even when terminated. Various authorities 
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show that an impedance change occurs from as much 
as 850 ohms to 600 ohms over a frequency range of 
4 to 23 MHz. However, because of the relatively small 
percentage change, the worst SWR based on a center 
impedance of 750 ohms would be 1.25:l. So the prob- 
lem boils down to getting from the transmitter output 
of 50 ohms to the antenna's 750 ohms (see fig. 17). 

It can be seen that the main transmission feeder line 
is a 600 ohm, two-wire open line, with provisions to 
feed either end of the rhombic antenna. A switching 
arrangement at the center of the antenna permits ex- 
changing the RF feedline and dissipation line to allow 
remote switching of direction of fire while maintain- 
ing a high front-to-back ratio in the chosen direction. 

You can get to 600 ohms from 50 ohms immediate- 
ly by using a 12:l ratio balun. Barker and Williamson 
makes a 5 kW 12:l balun; you can also wind your own. 
Six hundred ohms for the main transmission line was 
advisable in my case because of the availability of a 
118 watt, 600-ohm type CX. The Globar Division of 
The Carborundum Company makes a non-inductive 
resistor that can be used in conjunction with the dis- 
sipation line as the termination resistance. 

Impedance changes from 750 ohms to 600 ohms are 
required to get to the 600-ohm line from the two ends 
of the rhombic. A transmission line whose character- 
istic impedance is gradually tapered from one value 
to another may be used as a coupling transformer pro- 
viding the change in impedance along the line is suf- 
ficiently gradual. 

When a tapered-line transformer with a minimum 
length is desired, the characteristic impedance must 
be tapered exponentially between the two limiting 
values. One can avoid complicated design computa- 
tions by using an exponentially tapered line section at 
least one-half wavelength long at the lowest frequen- 
cy to be transmitted and connecting it directly between 
the antenna and the transmission line. Such a line was 
used between the 750-ohm antenna input and the 
600-ohm main transmission line. Since I wanted to use 
the rhombic on 80 meters, a half-wave exponential line 
of 137 feet in length was constructed for each end of 
the rhombic. 

rhombic termination 
If you don't wish to reverse the direction of radia- 

tion of the rhombic, a non-inductive resistor may be 
installed directly at the far end of the rhombic. The 
power rating of the resistor should be at least one-third 
of the power going into the antenna; two-thirds of the 
input power is radiated before it reaches the far end. 
For example, if the power to the antenna is 500 watts, 
key down, the terminating resistor should be able to 
dissipate about 170 watts. 

An alternative is to use a balanced lossy line of high 
dissipation rating. I used a 600-ohm dissipation line 

S 0 0 ' 1 M 2 . 4  M I  6 0 0  OHM 
S T A I N L E S S  S T E E L  N0 .14  WIRE 
O l S S l  PAT ION L l N E  

- 6 0 0  OHM L l N E  
2 9 0 '  1 8 8 . 4 1  

12 : l  BALUN Q 
I k 5 0  OHM COAX 2 5 ' 1 7 . 6 M I  

TO 

O l S S l P A T l O N  LlNE 

TO 6 0 0  T O  S O 0  
OHM LINE OHM L INE  

fig. 17. (A) Matching to the rhombic and changing its 
firing direction is accomplished by using a 12:l balun, 
transmission line switch and dissipation line. ( B )  
Transmission line changeover requires an effective 4 PDT 
switch. 

(No. 14 Stainless Steel wire) 500 feet long. The 
600-ohm, 118-watt non-inductive resistor terminates 
the line. As seen in fig. 17, remote controlled switch- 
ing circuits permit swapping of the transmitting and 
dissipation line to permit reversing the direction of fire 
of the rhombic. 

motorized configuration changer 
Figure 15, previously referred to, is a very simplified 

picture of how to change the configuration of the 
rhornbic. However, because the motorizing of the con- 
figuration change by remote means was the most dif- 
ficult part of the project to develop successfully, some 
guidelines may be useful. 
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fig. 18. Counterbalencing system to reduce motor drive 1 load. 

The first attempt to motorize the configuration was 
done by a motor at the far end of the array with the 
weights on the side tower to maintain proper tension 
in the antenna as the configuration was changed. 
Don't do it that way! As the rhombic becomes "long- 
er," its legs approach a straight line. The force required 
to pull the rhombic becomes increasingly greater and 
a very large motor is required. A better way is to pull 
the legs in from the side as depicted in fig. 15. An 
analogy is the difficulty in tightening a violin string as 
opposed to the ease of plucking it from the middle. 

Two identical motors - of only modest power - 
are required. To further reduce the motor power re- 
quirements, a counter-balancing arrangement should 
be used; see fig. 18. Using such a system permits a 
lower motor output because it must only overcome 
the difference in antenna force versus the counter- 
weight force as the system moves off its equilibrium 
point, a point of zero motor output requirement. 

The drive motors have to be capable of reversing 
and require a gear reduction to not only increase out- 
put torque, but to give slow spindle speed; a spindle 
rotation speed of 20-30 RPM is good. A 230-volt re- 
versible motor with integral gearing to give 50 foot- 
pound torque at a speed of 75 RPM was originally 
tried. That proved inadequate even with the counter- 
balancing system..A further gear reduction of 4:1 using 
a chain drive proved acceptable. That was with a 65 

pound counter-balance weight, and a 200 pound far- 
end weight. A surplus synchro connected to the gear 
motor drive at the closest-to-the-house side-tower per- 
mits remote indication of the configuration at the oper- 
ating position during dark hours. It was necessary to 
use a gear step-down arrangement so that the syn- 
chro makes only one revolution of the entire configura- 
tion change. 
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1 CRYSTAL FILTER SALE 
/ DESIGN EVOLUTION IN RF P.A.'s ' 1 Topquallly &pal. CWISSWAM FOX TANGO f11l.n 

For most 
KENWOOD - YAESU . HEATHKIT 

Also DRAKE R4C17.Llne. COLLINS 75S3BfC. 
and ICOM lFL44A Type) 
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Any three unIlaormore(.a above) ....... .16% O W  
5.h P l l a r  o(md la a I lml td  (kn Ordr Todsyl 
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"FT Flller Sale" and your rlg's Mahe and Model 
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orderdlreclly. Weaccept VlSA!MCorshlpC OD inUS. 

FOX TANGO FILTERS Conleln elpht specially treated 
and aged dlscreta cryslals, unllke ceramlc or mono. 
lithlc cornerculling deslgnl. An Implant or transplant 
with a llmbtesled FI tiller or cascsd~ng klt wlll glve 
your rlg new Ills Our best adverll?lments are 
thousands of ~ t l s f l e d  usem - check our our CkirnS 
over the air - you'll learn lhal FOX TANGO Is b r t l  
Our tlllers cost lessand am guaranlwd longer - ONE 
YEAR - order wlth confidence. Why risk dlsappolnl. 
man1 wlth Wm0 unknown or unproven brand? 

GO FOX TANGO.10 BE SURE! 

- 
*Linear (all mode) R F  power  a m p  with 

automatic T/R switching (adjustable d e  
lay). Amplifier useable with drive powers 
a s  low a s  % watt. 

-Receive preamp option. featuring GaAs . FETS (lowest noise figure, better IMD). 
Device NF typically .5 dB. 

*Thermal shutdown protect ion incor- 
porated 

Remote control  capability built-in 

*Rugged components and  construction 
provide for superior product quality and  

FOX TANGO CORP. 
P.O. Box 15944. Dept. H 

W. Palm Beach, FL 33416 

MARCH SPECIAL 

performance 
1. Models wlth G suffix have GaAs FET p r e  

*A l l  models include a complete  operating/ amps, NO"-G sufftx units have no preamp. 
sewice manual and  carry a factory war- 2. C O V ~ ~ S ~ U I I  amateur band. Specify t o  MHZ 
ranty on all components  Bandwidth for 420-450 MHz Amplifier. 

Designed to ICAS ratings, meets  FCC part 
97 regulations *SEND FOR FURTHER INFORMATION* 

*Approximate size is 2.8 x 5.8 x 10.5 a n d  
weight is 5 Ibs. 

Specifications/prlce subject lo change / 
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3212 
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I ................................................... KENWOOD TW4000 with Mobile Dual Band Antenna.....$529.95 I 
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i April 26,27,28,1985 
Hara Arena and Exhibition Center 

8 Dayton. Ohio 

\ Piedmont Airlines Hamvention Special Fares - Cali 1-800-334-8644 for details and reservations. / 

* Giant 3-Day Flea Market * FCC Examinations * YL Forum 
Starting Noon Friday * New Products and Exhibits * Personal Computer Forum 
All Day Saturday and Sunday * Grand Banquet * Int'l. VHF/UHF Conference * Alternative Activities * CW Proficiency Awards * Technical Forums * Electrical Safety Forum * Amateur of  Year Award * ARRL and FCC Forums * Special Croup Meetings * Special Achievement Awards 

Meet your amateur radio friends from all over the world a t  the inter- 
nationally famous Dayton HAMVENTION. ADMISSION 

118 March 1985 Tell 'em you saw it in HAM RADIO! 

Seating will be limited for the Grand Banquet and Entertainment on 
Saturday evening so please make reservations early. Noted humorist 
Jean I? Sheperd. K20RS. will return for his third appearance as 
Banquet Speaker. His presentation promises to be outstanding in an 
all new banquet program format. 

If you have registered within the last 3 years you will receive a bro- 
chure in January. If not. write Box 44: Dayton. OH 45401. 

$8 in advance. S 10 a t  door. 
(Valid for all 3 days) 

BANQUET 
$14 in advance. $16 a t  door. 

FLEA MARKET SPACE 
$17 ln advance. 

(Valid for all 3 days) 

Checb for advance registration t o  
Dayton HAMVENTION 

Box 2205. Dayton. Ohio 45401 

Reglmatlon processing 

Nominations are requested for Radio Amateur of the Year. Special \ starts Jan. I. 198s. 

Actiievement and Technical Excellence Awards. Nomination forms 
are available from Award Chairman. Box 44, Dayton. Ohio 45401 and must be returned by April 1. 1985. 

For special motel rates and reservations write to Hamvention Housing, 1980 Kettering Tower. Dayton. 
OH 45423-1980. NO RESERVATIONS WILL BE ACCEPTED BY TELEPHONE. 

All other inquiries write Box 44. Dayton. OH 
FCC EXAMS 

All elements to be administered. Advanced registra- 
tion only. DEADLINE TO REGISTER: March 27.1985. 

$4.00 check or order made payable to 
ARR W E C  
Completed 61 0 form with copy of license 
Indicate prefered Sitting time: Sat. 9 a.m.. 
Sat. 1 p.m., Sun. 9 a.m. 

Mail registration to: FCC Exams. 203 Bellewood St. 

4540 1 or phone (51 3) 433-7720. 

Flea Market spaces will be sold in advance 
ONLY, NO spaces at gate. Entrance for 
set-up available starting Thursday. Special 
Flea Market telephone (51 3)  223-0923. 

Bring your family and enjoy a great 
weekend in Dayton. 

Dayton. OH 45406 Sponsored by 
The Dayton Amateur Radio Association. Inc. 
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I FREECATALOG! I 
1 Features Hard-to-Find Tools  ( 

and Test Equipment I 

I I 
I I 
t 
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I 

I .-*.1_ .-- .- -- I 
1 Jensens new catalog ieatures hard-to- 1 
I lind precision tools, tool kits. tool cases 

and test equipment used by ham radio I 
1 operators, hobbyists, scientists, en- 

glneers, laboratories and government I 
( agencies. Call or write for your free copy 1 

today. 

7815 S. 46th Street I 
Phoenix. AZ 85040 1 
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Inl&uong the MICRO RFPFATER CI1NlROLLERRPl-U a- 
concept 8" LOW COB1 EASY TO INTERF4CE. m c l m W u l . n  
v ~ e a l e r  c m r r ~ l  Replace r ~ d  ly mard3 wtlh R sale d the an 
m,craanpulef (hill .%dds NEW EAIURES HlOH RELIABILITY. 
LOW POWER SMALL SIZF am FULL DOCUMENTATION 10 yarr 
r*r,rm Dllac, ,n,or,ncn ldro 8") rrlth mor, ,apla,e,r Do,n,,a( 0". 

!*?arc lnlnmafm ~mrluho & snal MICIIO RTI'FATERCONTROL 
anlcl. lealu.Pa I" ost mx 3 8 3  

I RPT-U Kit Only $119 plus $3 w sh!pping I 

I PROCESSOR CONCEPTS 
P 0 BOX 185 
FORT ATKINSON. WI 53538 
(414) 563-4968 7pmlOpm evsnlngs = 

ALL OR WRITE FOR FRLE CATALOG AND SP€CIFICAIlll'iY 

1 
DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-of-the-art performance. 

Most types available 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
Audio Bandpass Filter 
Audio IC Amplifier 

TUBES $23 PPD KlTS $25 PPD 

OVERSEAS AIR $7 

SARTORI ASSOCIATES, WSDA 
BOX 832085 

RICHARDSON, TX 75083 
214-494-3093 fl 127 

ON TARGET! 
THE NEW ARRL 

GENERAL CLASS 
LICENSE MANUAL 

For The Radio Amateur 
The first of our new LICENSE MANUAL SERIES will be right on 
target for many Technician and General Class exam sessions 
given after April 1. In almost 200 pages, you will find explana- 
tions of the material needed to pass these exams with ease! 
Before taking the exam, you can test your knowledge with sample 
multiple choice questions. This study guide is meant for use 
along with FCC Rule Book. 
For the Novice exam. Tune-in the World with Ham Radio should 
be used. Until other books in the new series are announced, 
persons studying forthe Advanced or Extra Classexams should 
refer to the "green" 80th Edition of the License Manual. 
The ARRL TECHNICIANIGENERAL LICENSE MANUAL for the 
RADIO AMATEUR: $5.00 in the U.S., $6.00 elsewhere. 
The FCC RULE BOOK: $3.00 in the U.S., $3.50 elsewhere. 
Prices in U.S. funds. 
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last minute-forecast 

DX 
FORECASTER 

Garth Stonehocker, K0RYW 

vernal equinox DX 

The average solar radio flux is 
often higher in March than it is in any 
other month of the year. During the 
first three months of the year the earth 
is at perigee with the sun; the long 
winter nights allow more time - after 
the earth's daily production of ions - 
for upward drift and the diffusion of 
ions into the F2 region. The F2 region 
contains the maximum ion density 
(foF21, which usually defines the max- 
imum usable frequency (MUF) for DX 
paths. 

Throughout these winter months, 
the foF2, the major variable factor in 
calculating MUF (MUF = foF2-factor), 
is accumulated a little at a time, day 
by day, and the highest monthly 
average of the year usually occurs dur- 
ing this quarter. Even during the year 
of the sunspot minimum, when the 
solar flux variation is small, an en- 
chanced F2 region can be expected to 
build up in winter. 

Geomagnetic storms during these 
months, however, may disrupt our 
midlatitude ionosphere. During the 
equinoctial months the earth's (dipole) 
magnetic field is sufficiently perturbed 
by solar wind particles flowing into the 
auroral zone at 50-70 degrees north 
geographic latitude to cause the mid- 
latitude ionosphere to be depleted. 
Below the auroral zone, the iono- 
sphere develops a trough that extends 
southward, mainly on the dark side of 
the earth (i.e., at night) for two to 
three days in a row. Only near the 
equator (between + 20 degrees 
geomagnetic latitude) do the geomag- 
netic disturbances enhance ionization; 

this is the reason for the higher MUF 
and ionospheric tilts that give rise to 
transequatorial (T. E. or one-long hop) 
propagation. This T.E. is characteristic 
of the equinoctial months - in the 
spring more than in autumn - and 
throughout winter in general. 

springtime QRN 
March and April are months in 

which spring storms bring rain to much 
of the northern hemisphere. Fronts of 
warm and cold air generate the first 
major thunderstorms of the year, pro- 
ducing static that reduces the signal- 
to-noise ratio of received signals, 
thereby lowering readability. 

The cumulative effect of thunder- 
storm static worldwide is the main 
cause of high noise levels on the lower 
frequency HF bands. However, as a 
storm front approaches your area, a 
significant increase in the noise level 
is heard. One first notices this increase 
at a one-hop distance away (about 600 
to 1200 miles or 960 to 1920 km) when 
the storm front is about one day west 
of your location. The noise level usual- 
ly decreases after that until the storm 
reaches within a ground-wave's dis- 
tance (50 to 60 miles or 80 to 96 km). 
Individual discharges can be heard. As 
the storm draws nearer, its sounds be- 
come part of the "local noise;" as it 
moves away, its noise decreases, then 
increases again as the front reaches 
the one-hop distance point a day or so 
later. (You can correlate this with 
storm progress reports on local televi- 
sion.) You can save time in looking for 
rare DX by tracking storms in order to 
pinpoint when the most favorable 
listening conditions are likely to occur. 

T.E. can be expected on the higher 
frequency bands (10 through 30 
meters) during the first two weeks of 
March. The effect will not be as pro- 
nounced as it was last year, but should 
still provide good transequatorial open- 
ings on the higher of these bands. 
Look for the best openings to occur 
when the geomagnetic field is disturb- 
ed (high A and K figures) toward the 
end of the second week. The rest of 
the month will be better for low band 
night time DX operation. In terms of 
QRN buildup, this month will be one 
of the last quiet ones, but only be- 
tween storms. Spring equinox occurs 
on March 20th at 1024 UTC. The moon 
is full on the 17th and at perigee on the 
16th. 

band-by-band summary 
Ten, fifteen, and twenty meters will be 
open from morning to early evening 
almost every day, and to most areas 
of the world. The openings on the 
higher of the bands will be shorter and 
will occur closer to local noon. Transe- 
quatorial propagation on these bands 
will be more likely toward evening dur- 
ing conditions of high solar flux and a 
disturbed geomagetic field. 

Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con- 
ditions will resemble those on 20 
meters, but skip and signal strength 
may decrease during midday on days 
coinciding with high solar flux values. 
Nighttime use will be good except after 
days of very high MUF conditions. 
Generally the usable distance is ex- 
pected to be somewhat greater than 
that achieved on 80 at night. 

Eighty and one-sixty meters, the night- 
time DXer's bands, open just before 
sunset and lasts until the sun comes 
up on the path of interest. Except for 
daytime short-skip signal strengths, 
high solar flux values have little effect. 
Geomagnetic disturbances more evi- 
dent near equinox cause signal attenu- 
ation and fading on polar paths. Noise 
will be very noticeable on these lower 
frequency bands. 
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AS a n  added bonus, the 1985 U.S. Callbook 
also lists t h e  amateurs in Canada and Mexico! 
YOU get the complete and accurate U.S. 
listlngs (prepared by our own editorial staff). 
a l l  the usual up-to-date Callbook charts and 
tables. PLUS Canada and Mexico. Now thatas 

The best just got better! 
o f  course, Canadian and Mexican amateurs 
are also listed in the 1985 Foreign Callbook. 
Don't delay! The great new 1985 Callbooks 
were Published December 1.1984. 

Order your copies now! 

Each Shlpplnp T*aI 

0U.S. Callbook $21.95 $3.05 $25.00 

OForeign Callbook 20.95 3.05 24.00 
Order both books at the same time for 
$45.00 lncludlng shipping within the USA. 

Order from your dealer or directly from the 
publlsher. Foreign residents add $4.55 for 
shipping. llllnols residents add 6% sales tax. 

Keep your 1985 Callbooks up to date. 
The U.S. and Forelgn Supplements Contain 
a l l  activity for the Previous three months 
lncludlng new licenses. Available from the 
publisher in sets of three (March 1, June 1, 
and September 1) for only $15.00 Per set 
Including shipping. Specify U.S. or Forelgn 
Supplements when ordering. llllnols res- 
Idents add 6% sales tax. Offer void after 
November 1. 1985. 

J 133 
RADIO AMWEUR 

Dept. F ac b;;";;z 
Tel: (312) 2346600 
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LISTEN TO THE WORLD 

WITHOUT THE ANTENNA HASSLE! 
Arcomm's AP4 active tuned antennalpreselector 
is ideal for those who want to l~sten but cannot 
put up outdoor antennas. Covers 540 to 32 MHz 
in 4 bands and incorporates a low noise, up to 
18 dB galn preamp. lntermod is reduced by using 
Hi-O torroidal inductors. Will switch lour anten- 
nas and three receivers, Ideal for all general 
coverage receivers. 8-114" x 6118" x 2". we~ght 
4 Ibs. 
To order. send check or money order plus $3 ship 
ping. PA res. add 6% sales tax. Dealer inquires 
invited. ARCOMM 

24 Valley Street 
Lewistown, PA 17044 J 1~ 

Complelely assembled 6 ready lo use - Commerc~al Quallly, 
buln l o  last L8Qhmqhl. seal&, wealherproof lfaps 
.Aulomats band Sv~IchlnQ -Low loss end ~nsulalors -Handles 
UP 10 xn, sans PEP - Far all Iransm~ners, rocewers 6 
IransceIvers - Tuner ~sual ly w e r  reqrred -Deluxe cenler m- 
s~lalor.  wtlh bull1 m lhghtnlnp arrslor,  accepts PL-259 coax 
conneflor -May be used as lnvened "V" - Excellenl lor all 
class amateurs - lnslrun~ons included - 10 day money back 
Quaranlee 
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Tech Notes 
ALPHA DELTA ANTENNA 
and 
AC LINE PROTECTORS - 
the inside story 

Who Needs Them 
Do They Really Work 
Why Are There Several 
Different Models 

Who Needs Them 
Lightning 1s the most common cause of 

component damage. However, we occa- 
sionally run into those who say "I've never 
been hit by lightning" or "I live on the West 
Coast and we don't have much lightning." 
Don't be fooled. There are demons lurking 
everywhere from your AC line to antenna 
that can damage your gear. Before expos- 
ing those, let's look at data about 
thunderstorms. 

On average, the number of annual days 
with thunderstorms per area are approxi- 
mately: West Coast. 5; Southwest. 20 to 40; 
Texas. 40 to 70; Midwest. 40 to 50; East 
Coast. 30 to 50; South. 50 to 70; and Flor- 
ida, up to l00! Really. no matter where you 
live, you should be aware and protected 
from the potential for lightning-induced 
damage. ' 

Now, what about what you can't see that 
does damage equipment? Dry desert winds 
in the Southwest and West Coast. wind 
driven snow and summer cloud buildup are 
all generators of enormous amounts of 
static electricity. Static-induced voltages 
from any one of these conditions can build 
up levels of 3 kV or more! If you've ever had 
the occasion to watch the static discharge 
jumping from the end of a long wire hang- 
ing near a chassis, you'll know what we 
mean. 

What's worse, this type of damage is not 
always catastrophic. Semiconductors can 
suffer junctton damage and will degrade 
over a period of weeks or months, causing 
subtle system problems and a gradual loss 
of sensitivity. 

In the case of AC line protection, semi- 
conductors are known to be damaged by 
transients caused by AC motors starting 
and switches, surges from power company 
"brown-outs" and poor regulation and even 
the effects of fluoresent lighting. If you have 
had the chance to see a graphic printout 
from an AC wall socket analyzer, you 
wouldn't plug anything in again that was 
unprotected 

So who needs Alpha Delta? Everyone. 
Regardless of season or geographic 
location. 



Alpha Delta Transi-TrapTM ceramic gas tube protectors do pro- 
vide effective protection because they were designed and tested 
to be used with the most sensitive semiconductors. They do this 
because they fire fast enough. (less than 100 nanoseconds), and 
at a low enough level to effectively by-pass the typical range of 
induced currents and voltages. Standard air-gap devices cannot 
reach this performance level due to variations in atmospheric con- 
ditions that will effect conduction of the static charge to ground. 

In addition. Transi-TrapTM protectors are the only devices in 
the industry employing a combination of "fail-safe" isolated 
ground design and a field replaceable ARC-PLUGTM cartridge. 
Isolated ground prevents the ARC discharge from flowing to the 
equipment chassis via the coax shield. "Fail-safe" means the 
ARC-PLUG cartridge is designed to fail "shorted" instead of 
"open" in the event of a heavy discharge in excess of its rating. 
In this event, the equipment is still protected until the cartridge 
is replaced. Replacement is indicated by a "dead" receiver and 
high VSWR during tune-up. 

Competitve air-gap devices suffer electrode disintegration and 
fail "open." You will lose your protection and you don't even know 
it! One competitive gas tube device is designed to melt its solder 
connections and fail "open" in the event of heavy current flow. 
The protection is gone. the element is non-replaceable and you 
still don't know it! 

Transi-TrapTM protectors have been thoroughly tested by in- 
dependent government and military test labs, and have been 
ordered for use around the world in a number of government and 
military programs. An Avionics user recently reported that since 
installing Transi-TrapTM devices, there has been no loss of com- 
munications due to induced transients. A leading designer of qual- 
ity HF and VHF antennas. Butternut Electronics, suggests the 
use of Transi-Trap protectors in their literature. 

A major computer manufacturer has selected MACC Master 
AC Control Consoles to protect their own systems from AC line 
transient related damage. This was done after extensive testing 
of all devices presently available. 

Why Are There Several Different Models 
We offer a choice of models to provide the most effective 

costlpowerlfrequencylconnector combination. 

STEP #1: Select your power range. The 200-watt models are the 
most sensitive to transient pulses and are the best choice for 
receivers and transceivers. The 2 kW models are designed for 
overall station protection and for linear amplifiers. 

STEP #2: Select your frequency range. The UHF "T" connector 
models (LT. HT) offer low insertion loss protection through 148 
MHz. The lowest-lo?s devices are the R-T and HV (typically 
0.1 dB at 500 MHz) with UHF-type connectors. 'I he R-T and 
HV models utilizing type "N" or "BNC" connectors offer even 
less loss through 1000 MHz! They are perfect for cellular radio 
and STL operation in the 800 and 900 MHz ranges. 

Models available are: 
Model LT: UHF "1" type, 200 W, through 148 MHz ......... 19.95 
Model HT: UHF "1" type. 2 kW. through 148 MHz ........... 24.95 
Model R-T: UHF connectors. 200 W, through 500 MHz ....... 29.95 

DO They Really Work Model HV: UHF connectors. 2 kW, through 500 MHz ......... 32.95 
First, let's settle one issue. Most storm damage comes from Model R-TIN: N connectors. 200 W, through 1000 MHz ......... 32.95 

either voltage induced into the antenna from a near-hit lightning Model HVIN: N connectors. 2 kW, through 1000 MHz ........... 35.95 
strike (as much as a mile away) or static buildup. No manufac- 
turer claims their device will pro:ect you from a direct lightnlng (BNC available) 

hlt. That's because there is no standard by which to describe one. The surge protected MACC models are: Model MACC - 8 outlets. and master 
Some hitscan generatecurrents of over 100.000 amperes. These switch control 79.95. MACC-4, same as above but with 4 outlets 59.95. 
might even destroy a house! Others are in the range of hundreds ACTT - wall socket direct plug-in with 2 outlets 29.95. 
Of amperes and may be satisfactorily by-passed to ground lhrough Alpha Delta Transi-Trap antenna line protectors and MACC Master AC Control Con- 
a lightning protector. soles prov~de more than near-h~t lightning protection. They wlll glve you protectton 

Since the chances for damage from induced (non-direct hit) to cover all forms 01 static and translent surges from your antenna lo your power 
sources are several thousand times greater than direct hits, an line - at an anractlve pr~ce. 
effective protector has a definite place in a communications Available from your local Alpha Deb dealer or direct plus shipping 52  rans st-TrapsrM. 
svstem. $4 MACC. 

~ M c A T l o N s .  IMC. 
P 0 Box 571, C?r?terv~l le. Oh lo  45459 (513) 435-4772 

v IM current solutions to current problems 
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annual antenna issue (May), the an- 
nual VHFIUHF issue (which first ap- 
peared in July, 19841, and the annual 

keeping VHFIUHFers receiver issue (November) are of parti- 
up-to-date cular interest to VHFIUHF'ers. 

CQ has recently added a VHFIUHF 
I'm often asked questions such as: 
"How do I know what's the latest 
VHFIUHF technique? Where can I 
meet other VHFlUHF'ers? How can I 
keep up to date on important VHFI 
UHF happenings?" The answers to 
questions like these are largely a func- 
tion of interests and the bands used; 
and thus can vary considerably. 

Because these questions are so fre- 
quently asked, I decided to answer 
them in this month's column. I'll try to 
cover as many areas as possible, as 
objectively as I can. If I neglect to men- 
tion a valuable VHFIUHF resource 
with which you're familiar, please let 
me know so we can share it with 
others in a later column. 

periodicals 
Probably the most popular source of 

information for VH FIUH F'ers is con- 
tained in the monthly Amateur Radio 
magazines (table 1). 

ham radio has always been a reliable 
source of information on VHFIUHF 
design and techniques. Since January, 
1984, this column has appeared month- 
ly. In addition to various articles on 
VHFIUHF subjects (see Cumulative 
Index, December, 1984, page 1281, the 

column. It also features articles on 
VHFIUHF techniques and equipment. 
In addition it has announced that it will 
resume its VHF contesting program 
with a VHF WPX contest in July, 1985. 

QST also publishes articles of in- 
terest to VHFlUHF'ers. The monthly 
columns "The World Above 50 MHz" 
by Bill Tynan, W3X0, and "The New 
Frontier" by Bob Atkins, KAIGT, 
cover current VHFIUHF standings and 
records and reports on VHFIUHF ac- 
tivity. ARRL-sponsored VHFIUHF, 
and EME contest results are also 
published regularly. 

73 has no formal VHFIUHF column 
but publishes articles featuring VHF, 
UHF, and microwave techniques. 

Several periodicals published out- 
side the United States may also be of 
interest to stateside VHFlUHF'ers. 
The most notable are CQ-DL, CQ Ham 
Radio, Ham Journal, and Radio Com- 
munication (see table 2) .  

CO-DL, the official journal of the 
DARC (Deutscher Amateur Radio 
Club) of West Germany, is written en- 
tirely in German. Like ham radio and 
QST, i t features a monthly VHFIUHF 
column as well as articles of interest 
to VHFlUHF'ers. 

table 1. Major Amateur Radio periodicals 
published in the United States. 

ham radio, Communications Technology, 
Inc., Greenville, New Hampshire 03048. 
lssued monthly. One-year subscription: 
$19.95 (U.S.A.). 

CQ, CQ Publishing Company, 76 North 
Broadway, Hicksville, New York 11801. 
lssued monthly. One-year subscription: 
$16.00 (U.S.A.). 

QST, ARRL, 225 Main Street, Newington, 
Connecticut 061 11. lssued monthly. 
Annual membership in ARRL: $25.00 
(1U.S.A. I includes subscription to QST). 

73, 73 Subscription Department. Box 931, 
Farmingdale, New York 11737. lssued 
monthly. One-year subscription: $25.00 
(U.S.A.). 

CQ Ham Radio is the major monthly 
publication in Japan. Written in 
Japanese, it usually runs over 500 
pages per issue. Ham Journal, also in 
Japanese, is a smaller, quarterly publi- 
cation issued by the same publisher. 
Each issue of Ham Journal is based on 
a central theme. For instance, the 
Spring, 1984, issue was devoted 
almost entirely to EME. 

Radio Communication ( " Radcom" ) 
is the official journal of the RSGB 
(Radio Society of Great Britain). Like 
QST, it features articles on VHFIUHF 
and two VHFIUHF columns, "4-2-70" 
(70, 144, and 430 MHz) by Ken Willis, 
G8VR, and "Microwaves" by Mike 
Dixon, GSPFR. It is interesting to note 
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that British VHF/UHFfers appear to 
have different interests than their 
American counterparts. Reading "Rad 
Com," the American reader senses a 
greater interest in portable operation 
and a large population of users on 
microwave frequencies such as 23, 13, 
and 3 cm. Unlike typical American 
designs, British designs tend to em- 
phasize inexpensive or particularly 
clever design techniques. 

professional periodicals 
Several professional periodicals may 

also be of interest to VHF/UHFfers 
(see table 3). In particular, they are the 
IEEE Microwave Theory and Techni- 
ques (MTT), * the IEEE Transactions 
on Antennas and Propagation 
( PGAP), Microwave Journal, Micro- 
waves & RF, Microwave Systems 
News, and RF Design. 

IEEE's PGAP and MTT are highly 
mathematical in nature but usually are 
devoted to the latest state-of-the-art 
developments in their respective fields 
of antennas, propagation, and micro- 
waves. Only members of the IEEE may 
subscribe. 

Microwave Journal, Microwaves 8 
RF, Microwave Systems News, and 
RF Design are controlled-circulation 
publications available free of cost to 
"qualified" industry professionals and 
by subscription to "non-qualified" per- 
sons. These magazines specialize in 
reporting on the latest design techni- 
ques and equipment, with generous 
amounts of space devoted to adver- 
tisements and product reviews. 

special interest publications 
So far we've been talking mainly 

about magazines. There is, however, 
a substantial number of newsletters 
and small journals that are specifically 
written for VHF/UHF1ers. These are 
generally either "open distribution" 
publications or society or club 
publications. 

The primary "general distribution" 
types are VHF+ Trading Post, 
VHFIUHF and Above lnformation Ex- 

"Institute of Electrical and Electronics Engineers, Inc.. 
345 East 47th Street. New York, New York 10017. 

table 2. Major Amateur Radio periodicals 
published outside the United States 
(contact publishers for U.S. subscription 
rates). 

CQ-DL, Published by the German Amateur 
Radio Club (DARC), Postfach 1155, 3507 
Baunatal 1, West Germany. lssued monthly. 

CQ Ham Radio, CQ Publishing Company 
Ltd., 14-2 Sugamo 1-Chome, Toshima-Ku, 
Tokyo 170, Japan. lssued monthly. 

Ham Journal, CQ Publishing Company, Ltd., 
14-2 Sugamo 1- Chome, Toshima-Ku, Tokyo 
170, Japan. lssued quarterly. 

Radio Communication, RSGB Headquarters, 
Alma House, Cranborne Road, Potters Bar, 
Hertsfordshire, EN6 3JW. England. lssued 
monthly. 

table 3. Major professional publications 
of interest t o  VHFIUHF'ers. 

IEEE MTT, IEEE Service Center, 445 Hoes 
Road, Piscataway, New Jersey 08854. lssued 
monthly. IEEE membership required. Contact 
publisher for rates. 

IEEE PGAP, IEEE Service Center, 445 Hoes 
Road, Piscataway, New Jersey 08854. lssued 
monthly. IEEE membership required. Contact 
publisher for rates. 

Microwave Journal, Horizon House, 610 
Washington Street, Dedham, Massachusetts 
02026. lssued monthly. One-year subscrip- 
tion: $36.00. 

Microwaves and RF, Hayden Publishing 
Company, Box 1419, Riverton, New Jersey 
08077. lssued monthly. One-year subscrip- 
tion: $30.00. 

Microwave Systems News, E.W. Com- 
munications, Inc., Box 50249, Palo Alto, 
California 94303-0249. lssued monthly. One- 
year subscription: $35.00. 

RF Design, Cardiff Publishing Company, 1 
East First Street, Duluth, Minnesota 55802. 
lssued bi-monthly. One-year subscription: 
$15.00. 

change, 2-meter EME Bulletin, 220 
Notes, 432 and Above EME News, 
VHFIUHF Newsletter, DUBUS, VHF 
Communications, Amateur Television 
Magazine, and ORBIT (see table 4). 

VHF+ Trading Post is a new 
monthly newsletter that specializes in 
news and advertisements of interest to 
the VHF/UHF'er. VHFIUHF and 
Above lnformation Exchange, another 
new publication, with articles on VHF, 

UHF, and EME, as well as VHF/ 
UHF'er comments and station descrip- 
tions. It also features K2UYH's "432 
and Above EME News." The 2-Meter 
EME Bulletin spotlights the latest hap- 
penings, news items, and station 
descriptions of interest to 2-meter 
EME'ers. All three publications step- 
ped in to fill the gap when "The Lunar 
Letter" ceased publication. 

220 Notes is dedicated to coverage 
of weak signal and FM/FM repeater 
activity on the 220-225 MHz band. Re- 
cent issues featured detailed back- 
ground material on the Land Mobile in- 
dustry's attempt to remove this band 
from the Amateur Radio service. 432 
and Above EME News, compiled by 
Allen Katz, K2UYH, features 70, 23, 
and 13-cm EME station reports, as well 
as some technical material and month- 
ly EME schedules. A low-budget oper- 
ation published mainly for the active 
EME'er on 70 cm and above, 432 and 
Above cannot handle any more sub- 
scribers; it is, however, republished in 
the next available issue of VHFIUHF 
and Above lnformation Exchange. 

The RSGB VHFIUHF Newsletter by 
David Butler, G4ASR, has just become 
available to readers outside of Europe. 
While it specializes in reporting on up- 
coming VHF and UHF activities in Eu- 
rope, it also provides good material on 
meteor scatter, EME and new VHF and 
UHF techniques. DUBUS is a West 
German publication written mostly in 
English, but directed to European 
readers. DUBUS features information 
on stations, activities, and design for 
VHFIUHF operation. 

VHF Communications is the English- 
language version of the German UKW 
Technik. Published quarterly, it fea- 
tures full-length articles on VHF, UHF, 
and microwave equipment design. 

Amateur Television Magazine spe- 
cializes in slow scan, fast scan, and 
satellite TV. It offers articles on equip- 
ment construction and operating tech- 
niques, and advertisements of interest 
to the video-oriented Amateur. 

ORBIT, the journal of the Radio 
Amateur space program, is the official 
publication of AMSAT (Amateur Sat- 
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table 4. Major VHF and UHF newsletters 
and publications. 

VHF+ Trading Post, c /o  Jack Parker, 
KCOW, P.O. Box 11023, Reno, Nevada 
89510. lssued monthly. One-year subscrip- 
tion: $5.00. 

VHFIUHF and Above Information Exchange, 
c /o Rusty Landes, KAQHPK, P.O. Box 270, 
West Terre Haute, Indiana 47885. lssued 
monthly. One-year subscription: $15.00. 

2-Meter EME Bulletin, c /o  Gene Shea, 
KB70, 417 Stadhauer, Bozeman, Montana 
59715. lssued monthly. One-year subscrip- 
tion: $12.00. 

220 Notes, c /o Walt Altus, WD9GCR. 215 
Villa Road, Steamwood, Illinois 60103. Six 
issues per year. One-year subscription: $5.00 

432 and Above EME News, c /o  Allen Katz, 
K2UYH. 326 Old Trenton Road, RD 4, Tren- 
ton, New Jersey 08691. lssued monthly. (See 
text). 

VHFIUHF Newsletter, RSGB Headquarters, 
Alma House, Cranborne Road, Potters Bar, 
Hertsfordshire EN6 3JW. England. lssued 
monthly. Contact publisher for rates. 

DUBUS, c /o Claus Neie, DL7QY, D-7181 
Rudolfsberg 24, West Germany. lssued 
quarterly. Contact publisher for rates. 

VHF Communications, c/o Terry D. Bitten, 
Jahnstrasse 14, Postfach 80, D-8523 
Baiersdorf, West Germany. lssued quarter- 
ly. Contact publisher for rates. 

Amateur Television Magazine, c /o OCD 
Publications Inc., P.O. Box H, Lowden, Iowa 
52255. lssued monthly. One-year subscrip- 
tion: $10.00. 

ellite Corporation). It features con- 
struction articles, equipment reviews, 
station descriptions, and the latest in- 
formation on Amateur Radio satellites. 

club newsletters 
There are numerous club publi- 

cations often available to  non- 
members at a nominal cost. Those that 
come to mind are Six Shooter, The 
Sidewinders on Two Bulletin, The 
Southeastern VHF Society and 70-crn 
Net Newsletter, Northeast VHF News, 
Texas VHF-FM Society News, The 

West Coast VHF'er, Radiosporting, 
and Cheese Bits (see table 5). 

Six Shooter, the official journal of 
SMIRK (Six Meter International Radio 
Klub), specializes in coverage of 
6-meter activities. You can join SMIRK 
after contacting six members on 6 
meters. SMIRK also sponsors awards 
and an annual contest. 

The Sidewinders on Two Bulletin is 
the official newsletter of SWOT (Side- 
winders on Two), which specializes in 
2-meter activity. Members are ad- 
mitted after contacting 2 SWOT mem- 
bers on 2 meters. SWOT also sponsors 
an annual contest and awards. 

The Southeastern VHF Society and 
70-crn Net Newsletter is a publication 
of the Southeastern 70-cm net. In ad- 
dition to 70-cm news, it features items 
of general and technical interest to 
VHF/UHF1ers. 

Northeast VHF News, sponsored by 
the Northeast VHF Association, carries 
news of interest to local, national, and 
international VHF/UHF1ers. Texas 
VHF-FM Society News specializes in 
FM and FM repeaters in the Texas area 
as well as meeting notes from the 
Texas VHF-FM Society. 

The West Coast VHF'er concen- 
trates on information of interest to the 
California VH F/ UH F'er. Radiosporting 
is a new magazine which promises to 
focus on the art of Amateur con- 
testing. The Mount Airy VHF Radio 
Club, Inc. Pack Rats' Cheese Bits is a 
club newsletter that includes product 
reviews, an activity calendar, a swap 
and shop column, and short technical 
articles. 

Let us not forget those publications 
that while no longer available, are still 
an excellent source of information if 
you can borrow copies. The first ones 
that come to mind are The VHFER 
(K7AAD1, 6 UP (731, 220 MHz EME 
Newsletter I K5F F), Northern California 
220 News (WAGGYD), 432 Bulletin 
(WGFZJ), and The Lunar Letter 
(K17D). 

Other short publications or news- 
letters while general in nature, often 
print information of interest to 
VHF/UHF1ers (see table 6 ). They are 

The ARRL Letter, World Radio, QEX, 
Westlink Report (formerly HR Report), 
The W5YI Report, Gateway, and D X  
Bulletin. 

The ARRL Letter is primarily 
dedicated to keeping the Amateur in- 
formed of Amateur Radio news in 
general. As such, it provides up-to- 
date information in a timely fashion. 
World Radio based in Sacramento, 
California, is an Amateur Radio 
newspaper. It publishes articles of 
general interest to the Amateur and 
features several columns including 
ones on DX, antennas, the FCC, and 
OSCAR. QEX,  the ARRL ex- 
perimenters' exchange, is a monthly 
ARRL newsletter specializing in articles 
that may be too technical in nature for 

table 5. VHFIUHF club and organization 
bulletins. 

Six Shooter, c /o  Ray Clark, K5ZMS, 7158 
Stone Fence, San Antonio, Texas 78227. 
lssued quarterly, Annual membership dues 
$6.00, plus $3.00 for subscription. 

The Sidewinders on Two Bulletin, c/o Harry 
Arsenault, KIPLR, 603 Powell Avenue, Erie, 
Pennsylvania 16505. lssued monthly, One- 
year subscription: $10.00. 

Southeastern VHF Society and 70-cm Net 
Newslener, c/o Charles Osborne, W WMBK, 
131 Saratoga Drive, Lawrenceville, Georgia 
30245. lssued quarterly. One-year subscrip- 
tion: $5.00. 

Northeast VHF News, c /o Lewis Collins, 
WlGXT, 10 Marshall Terrace, Wayland, 
Massachusetts 01778. Six issues per year. 
One-year subscription: $3.00. 

TX VHF-FM Society, c / o  Robert 
McWhorter, K5PFE, Box 461, Jasper, Texas 
75951. lssued bi-monthly. One-year subscrip- 
tion: $6.00. 

The West Coast VHFer, 560 West Yucca 
Street, Oxnard, California 93033. lssued 
monthly. One-year subscription: $10.00. 

Radiosporting, c / o  Yuri Blanarovich, 
VE3BMV. Box 65, Don Mills, Ontario, M3C 
2R6, Canada. lssued monthly. $12.00 annual 
membership plus $16.00 for one-year 
subscription. 

The Pack Rats' Cheese Bits, c /o  Doc Cutler, 
K3GAS, 7815 New Second Street, Elkins 
Park, Pennsylvania 19117. lssued monthly. 
One-year subscription: $2.50. 
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table 6. Newsletters of a general nature 
that often cover news of interest to 
VHFIUHF'ers. 

The ARRL Letter, c/o ARRL, 225 Main 
Street, Newington, Connecticut 061 11. 
lssued bi-weekly. One-year subscription: 
$19.50. (ARRL members only). 

QEX, c /o ARRL, 225 Main Street, New- 
ington, Connecticut 061 11. lssued monthly. 
One-year subscription: $6.00 (ARRL mem- 
bers only). 

Westlink Report, c/o Poco Press, 11119 
Allegheny Street, Sun Valley, California 
91352. lssued bi-weekly. One-year subscrip- 
tion: $22.50. 

The W5Yl Report, Box 10101, Dallas, Texas 
75207. lssued bi-weekly. One-year subscrip- 
tion: $24.00. 

Gateway, c/o ARRL, 225 Main Street, New- 
ington, Connecticut 061 11. lssued bi-weekly. 
One-year subscription: $6.00 (ARRL mem- 
bers only). 

World Radio, 2120 28th Street, Sacramento, 
California 95813. lssued monthly. One-year 
subscription: $10.00. 

QST. Articles on experimental aspects 
of VHFIUHF are always welcome. 
Geoffrey Krauss, WA2GFP, writes a 
bimonthly column for QEX. 

The two major Amateur Radio bi- 
weekly newsletters are The Westlink 
Report (formerly HR Report) and 
W5Yl Report. They primarily cover 
Amateur Radio news items, with em- 
phasis on FCC matters, legislative 
problems, recent or upcoming events. 
VHFIUHF news is printed as it be- 
comes available. Gateway, the latest 
ARRL publication, specializes in pack- 
et radio communications in a format 
similar to QEX. Gateway should be 
especially interesting to those people 
using packet radio for VHF meteor 
scatter. 

DX Bulletins 
Many DX bulletins are published 

regularly. These newsletters usually 
provide important propagation infor- 
mation as well as VHFIUHF reports 
(when received). This category in- 
cludes The DX Bulletin (KlTN), QRZ 
DX (W5KNE), LIDXA Bulletin 

(W21YX), and The DX'ers Magazine 
(W4BPD1, among others. The North- 
ern California DX Foundation News- 
letter (NGST) has contributed to at 
least two VHFIUHF DXpeditions. 

catalogs and advertisements 
Although advertisements and cata- 

logs are intended to sell products, they 
can also provide useful information 
about the state-of-the-art, availability 
of components and similar subjects. 
Don't overlook advertisements as a 
source of helpful information. New 
product reports and reviews in 
periodicals and newsletters can also be 
useful. 

Amateur reference materials 
Numerous books and references 

useful to the VHF/UHFfer include but 
are not limited to The ARRL 7985 
Handbook for The Radio Amateur, 
Radio Handbook, VHFI UHF Manual, 
VHF Handbook for Radio Amateurs, 
The Radio Amateur's VHF Manual, 
VHF for the Radio Amateur, The UHF 
Compendium (Parts 1 and 2) ,  The 
Satellite Experimenter's Handbook, 
ARRL Antenna Book, The Microwave 
Newsletter Technical Collection, and 
From Beverages Thru OSCAR - A 
Bibliography, with Addendum (see 
table 7 ) .  

The ARRL 1985 Handbook for The 
Radio Amateur and Bill Orr's Radio 
Handbook each have several chapters 
devoted to VHF/UHF communica- 
tions. The VHF/UHF Manual (RGSB), 
VHF Handbook for Radio Amateurs, 
The Radio Amateur's VHF Manual, 
and VHF for the Radio Amateur are 
entirely devoted to VHFIUHF and 
Microwaves, with information on an- 
tennas, receivers, transmitters, etc. 
The Microwave Newsletter may be out 
of print and only a few dozen copies 
of the Bibliography are still available 
from the source. Both include basic 
material useful to VH FIUH F'ers. 

The UHF Compendium (Parts 1 and 
21, a translation of a German publica- 
tion, is a great source of information 
for designing receivers, antennas, and 
transmitters. Heavy emphasis is plac- 

table 7. Recommended VHF, UHF, and 
Microwave references. 

The ARRL 1985 Handbook for the Radio 
Amateur, ARRL, 225 Main Street, Newing- 
ton, Connecticut 061 11, $15.00.' 

Radio Handbook, William I. Orr, WGSAI, 
$12.95.' 

VHF/UHF Manual, Pat Jessop, G5JP. 
Published by the RSGB. $17.50.' 

VHF Handbook for Radio Amateurs, Herb 
Brier, WSEGQ, and William I. Orr, WGSAI, 
$1 1.95.' 

The Radio Amateur's VHF Manual, Edward 
P. Tilton, WlHDQ, ARRL, 225 Main Street, 
Newington, Connecticut 061 11. (out of print) 

VHF for the Radio Amateur, Frank C. Jones, 
WGAJF, CQ Publications, 76 North Broad- 
way, Hicksville, New York 11801 (out of 
print). 

The UHF Compendium, Parts 1 and 2, K. 
Weiner, DJGHO, Editor (out of print). 

The Satellite Experimenter's Handbook, 
Martin Davidoff, KPUBC, ARRL, 225 Main 
Street, Newington. Connecticut 061 11. 
$10.00.' 

The ARRL Antenna Book, 14th edition, 
Gerald L. Hall, KlTD, Editor, $8.00.' 

The Microwave Newsletter Technical Collec- 
tion, J. Gannaway, G3YGF. and S.J. Davies, 
G4KNZ. Published by the RSGB. $10.00.' 

From Beverages Thru OSCAR - A 
Bibliography, (with Addendum). Volume 1 
(19451978) 620 pp, $29.95, Volume 2, 
(1979-1981) 144 pp, $9.95. Both volumes: 
$35.95. Contact author, Rich Rosen, KPRR, 
at ham radio. 

Note 1. Available from Ham Radio's Bookstore, 
Greenville, New Hampshire 03048. Add $3.50 for 

shipping and handling. 

ed on practice and construction. The 
Satellite Experimenter's Handbook is 
a history of and guide to all of the 
Amateur Radio Satellites. It shows 
readers how to find the various 
satellites and recommends specific 
antennas, preamplifiers, and transmit- 
ters. The ARRL Antenna Book is an 
excellent reference for both HF and 
V H F. The Microwave Newsletter 
Technical Collection consists of edited 
extracts from the best UHF and 
microwave notes published in the 
RSG B Microwave Newsletter since 
1980. 
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I NEW COMPACT DESIGN WlTH 10-segment LED tuning indicator I 

EITHER MODEL 

$1 6900 

i 

!~ 
I 

I 
I 

WRITE FOR INFORMATION. 

* VT4B INSTALLS DIRECTLY AT THE ANTENNA FEEDPOINT 
WHERE YOU CAN REALLY "TUNE" THE ANTENNA. 

* DESIGNED FOR HALF WAVE DIPOLES, INVERTED V's. AND 
QUARTER WAVE VERTICALS USING 50 OHM COAX FEED- 
LINES. 

DX'ERS MAGAZINE 
For over 17 years, Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely. 
pertinent information on when and where to find 
those elusive OX stations. 
Gus's personable, chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14.00 
USA. Canada & Mexico. 
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* OPERATES WlTH SINGLE BAND OR MULTIBAND ANTEN- 
I NAS. TRAP TYPE OR PARALLEL ELEMENT TYPES. 

* WORKS ALL BANDS FROM 10 THROUGH 160 METERS. 

* FULL BAND COVERAGE WlTH MAXIMUM EFFICIENCY AND 
VERY LOW VSWR, TYPICALLY LESS THAN 1.2 TO 1. 

* FINGER TIP CONTROL FROM THE HAM 

* *a* *a 
b B+' b 4& g& 

Keep those valuable 
issues o l  Ham Radio 
like new. Prevent 
smears, tears and 

,,,,,,do dog ears. Bind 'em 
.w : 0 together lor You'll years be and to happy come. enjoy you 

. . did! 

H A M  RADIO BINDERS 
Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col- 
lection of Ham Radio. Year 
stickers included. 
OHR-BDL $6.95 ea. 

3 for $17.95 
Please add $2.50 for sh~pp~ng 

and handl~ng. U.S. only. 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 

from this magazlne and afflx below. 
Then complete your new address (or any 
other correcl~ons) In the space provided 
and we'll take care ol  the rest 

Greenvllle. NH 03048 

Thanks lor helping us to serve you better. 

I 

I 
1 

SHACKFOREXACTRESONANCE AND 
IMPEDANCE MATCH. 

* FOR MOBILE OPERATORS THE VECTOR 
VT-3B INSTALLS IN THE TRUNK AND 
TUNES STANDARD TYPE MOBILE 
ANTENNAS FOR FULL BAND COVER- 1 



table 8. Calling frequencies. 

6 meters 50.110 MHz 
2 meters 144.200 MHz 
135 crn 220.100 MHz 
70 crn 432.100 MHz 
23 cm 1296.100 MHz 
13 crn 2304.100 MHz 

From Beverages thru OSCAR - A 
Bibliography is a unique reference 
book that lists, in chronological order, 
virtually every Amateur Radio article 
written in the last 30 or so years 
through 1981 .* Over 36,000 articles ap- 
pearing in the Amateur press (as well 
as in some professional publications) 
are included. As such, it is a good 
source for determining what resources 
are available, where and when they 
were published. All of these valu- 
able references are a must for the 
library of any well-rounded, informed 
VHF/UHF1er. 

nets 
Nets are a valuable and timely 

source of information for those in- 
terested in VHF, UHF, and micro- 
waves. Local and VHFIUHF club nets 
are quite common. SMIRK and SWOT 
sponsor numerous 6 and 2-meter nets; 
their members can direct you to nets 
in your local area. 

There are several HF nets or 
"hangout" frequencies where VHF/ 
UHF'ers can often be found. The 
6-meter enthusiasts can often be 
found on 28.885 MHz when 10 and/or 
6 meters is open. Much crossband and 
6-meter DX was coordinated on this 
frequency when F2 propagation was 
common at the peak of solar cycle 21. 
The CSVHF (Central States VHF 

Society) has a net on 3818 kHz, usually 
at 9:30 PM CST on Sunday evenings. 
VHF/UHF1ers, especially those in the 
central United States, often use this 

*From Beverages Thru OSCAR - A Bibliography 
is in the process of being updated to include all publish- 
ed articles up to, and including, December, 1984. 

frequency at night - and especially 
during meteor showers -- to exchange 
information and schedules. 

14,345 kHz has long been used by 
Europeans as a VHF scheduling fre- 
quency. Every Saturday and Sunday 
the 70-cm EME net meets on 14,345 
kHz at 1600 UTC. The 2-meter EME 
net follows at approximately 1700 
UTC. These nets, although primarily 
devoted to EME, are a good source of 
information on important VHFIUHF 
happenings. Many VHF'ers are known 
to monitor (but don't necessarily check 
in) these nets to get the latest 
"scoop." The EME'ers and many 
VHF/UHFfers also use OSCAR 10 as 
an intercom, and can often be heard 
on the downlink frequency of 145.950. 

Other HF gatherings also take place. 
Of particular note is a large group of 
VHF'ers that seems to "hang out" on 
160 meters where they swap stories or 
lies. I guess the 160-meter crowd has 
something in common with VHF/ 
UH F'ers: they also enjoy suffering with 
weak signals and noise! 

Don't forget the weekly OSCAR 
nets (see QSTfor frequencies, dates, 
and times). They are a good source of 
VHFIUHF as well as satellite 
information. 

calling frequencies 
Often the VHF or UHF frequencies 

are quiet because there are simply 
fewer VHF/UHFfers than HF'ers. 
VHFIUHF propagation is also more 
restricted than HF. As a result, the 
VHF'ers have established "calling fre- 
quencies," where everyone can mon- 
itor, call CQ occasionally, or establish 
communications with someone else 
who monitors that same frequency. It 
is common courtesy to slide off the 
calling frequency after making contact 
so that someone else can use it. 

Monitoring calling frequencies can 
be a good way to find out who's ac- 
tive and what's happening (see table 
8). The prime calling frequencies in the 
USA are 50.110, 144.2, 220.1, 432.1, 
and 1296.1 MHz. As previously men- 
tioned, the OSCAR 10 downlink fre- 
quency of 145.950 MHz also serves as 

a gathering and calling frequency for 
VHF/UHF1ers. 

activity 
The Northeast VHF Association has 

introduced a popular system concen- 
trating activity and thereby increasing 
the likelihood of meeting other in- 
terested VHF/UHF1ers. This system is 
built around "activity nights" and "ac- 
tivity hours," see tables 9 and 10. 
Basically, the system works this way. 
Sunday night is 6-meter activity night; 
Monday is 2 meters; Tuesday is 135 
cm; Wednesday is 70 cm; Thursday is 
23 cm. (Anyone for 13 cm on Fridays?) 
By concentrating on a single band 
each night, VHF/UHFfers, especially 
those who operate multiple bands, are 
more likely to find other interested par- 
ties. These nights are a great source 
of information exchange. During 
VHFIUHF contests it may be difficult 
to catch all active stations, especially 
those that operate several bands. 
Again, a technique recently suggested 
by the Northeast VHF Society consists 
of concentrating afternoon contest ac- 
tivity by establishing specific activity 
hours. 135-cm activity starts at 2 PM, 
70 cm at 3 PM, and 23 cm at 4 PM. 
For many years a similar system has 
been used in the mornings and even- 
ings, with 2 meters at 7 AMIPM, 135 
cm at 8 AM/PM, etc. When everyone 
adheres to this plan, there is less 
likelihood of missing other active sta- 
tions. It's also a good way to just keep 
in touch. 

contests, conferences 
and shows 

Contests can be good sources of in- 
formation exchange. The ARRL spon- 
sors VHF, UHF, EME, and SPRINT 
(single band short duration contest) 
contests throughout the year. (I try to 
list all contests at the end of this col- 
umn every month). So do SMIRK (in 
June) and SWOT (in July). The Euro- 
peans also have many contests, with 
the biggest being the International 
VHF Contest held on the first weekend 
of October. 

* 
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Synchronous Packet Radio Using 
the Software Approach AX.25 
Protocol TRS-80 Model 1, 3 

and 4 

You can get on Packet Radio two ways. 
One is with a sophisticated "black box". 
The other is by making your computer 
act like a "black box" by programming 
it in a high level machine language code. 
W4UCH has written a machine language 
progam for the Radio Shack TRS-80 
Models 1, 3 and 4 computer (Model 4 
works with Model 3 disk while in Model 
3 mode). This book has twelve chapters 
plus seven appendices that take you 
step by step through the process of set- 
ting your computer to first convert the 
digital information into a usable format 
and then to decode the information. 
O 1984 3rd edition 

U RE-AX Softbound $21.95 

PROGRAM NOW AVAILABLE 
IN DlSK FORM 

n RE-MI $29.95 
Model 1 Disk 
RE-MIII $29.95 
Model Ill & 4 Disk 

- SAVE $2 - 
O RE-BD SPECIAL BOOK 

AND DISK $49.95 
(Specify disc; Mod. I or Mod. Ill) 
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table 9. Suggested VHFIUHF "activity 
nights." 

6 meters Sunday 
2 meters Monday 
135 c m  Tuesday 
70 c m  Wednesday 
23 c m  Thursday 
13 c m  Friday 

table 10. Suggested "activity hours" 
during VHFIUHF contests. 

2 meters 7AM 1PM 7PM 
135 cm 8AM 2PM 8PM 
70 crn 9AM 3PM 9PM 
23 c m  lOAM 4PM lOPM 
13 c m  11AM 5PM l lPM 

One excellent way to stay informed 
and meet with other interested VHF, 
UHF, and Microwave enthusiasts is to 
attend conferences. Often antenna 
and noise figure measurements are 
conducted; this can be an excellent 
way to see how your receiver, pre- 
amplifier, or converter and antenna 
stack up against others. A t  the same 
time, one can swap circuits and tips on 
improving performance, see firsthand 
the latest state-of-the-art tricks and 
devices. 

The Dayton Hamvention is one of 
the first conferences held each year. 
Recently the Hamvention has spon- 
sored a VHFIUHF program under the 
guidance of WA80NQ and has now 
added noise figure and antenna 
measurements. The long-standing 
West Coast VHF Conference, held in 
California in early May, the Eastern 
VHFIUHF Conference, held in mid- 
May in New Hampshire, and the 
CSVHF Society Conference held the 
last weekend of July in the midwest, 
are totally dedicated to technical ses- 
sions on VHFIUHF and microwave 
techniques. All of these conferences 
sponsor antenna and noise figure 
measurements as well. 

The Mid-Atlantic States Confer- 
ence, held the first weekend in Octo- 
ber in eastern Pennsylvania includes 
technical talks and a flea market. For 

those who travel abroad, Europeans 
have similar conferences in both Ger- 
many and England (contact the DARC 
or RSGB). A new conference dedi- 
cated solely to 1296 and 2304 MHz will 
be held in Colorado this September. 
Notes and handouts are frequently one 
of the highlights of these conferences. 
Recently the CSVHF Society began is- 
suing a set of proceedings at their con- 
ference (contact KBDAS). 

Finally, many area and ARRL con- 
ferences (especially the ARRL Na- 
tional) often feature VHF and UHF 
programs. An excellent source of in- 
formation, these programs provide 
ample opportunity to meet and talk 
with experts in the field. As in the past, 
I will try to announce these con- 
ferences and the names of appropriate 
contact people at the end of each 
month's column. 

awards programs 
Awards programs generate activity 

and challenge VHFIUHF and micro- 
wave enthusiasts to improve their gear 
and operating techniques. The most 
common awards are the IARU WAC, 
the ARRL WAS, and the ARRL 
VUCC. Information on these awards 
can be obtained by sending an SASE 
to ARRL. The RSGB has members- 
only Microwave Transmitting Awards 
somewhat like the VUCC but specializ- 
ing on the 23 cm and higher bands. 
Contact the RGSB for further details. 
The VUCC Award, which has done 
much to stimulate activity on the 
VHFIUHF bands, is based on contacts 
with different grid squares, a section 
of land included within a block measur- 
ing 2 degrees wide (longitude) by 1 
degree high (latitude).' The WAS and 
VUCC standings boxes in "The World 
Above 50 MHz" in QST are an ex- 
cellent way to discover who's active in 
your area. 

conclusion 
VHF and UHF'ers have a relatively 

poor track record when it comes to 
"Communicating." Exchange of infor- 
mation - especially in a timely way - 
has always been a problem. In this col- 

umn therefore, I've tried to identify the 
principal sources of information for 
VHFIUHF'ers and HF'ers alike. I hope 
this material will provide readers with 
new sources of information; if you'll let 
me know of any important material I 
may have missed, I'll share it with ham 
radio's readers in a later column. 

reference 
1. John Lindholm, WlXX,  "VHFIUHF Century Club 
Awards," OST, January, 1983, page 49. 

upcoming VHFIUHF events 
March 21: Optimum date for TE contacts. 

September 20-22: I've just been informed by 
Don Hillard, WOPW, Box 563, Boulder, Colorado 
m06, that he intends to sponsor a 1296 and 
2304 MHz conference in Estes Park, Colorado. 
Drop Don an SASE for additional information 
on this gathering. 

ham radio 

AC CIRCUIT ANALYSIS 
PROGRAMME FOR 
ATARl COMPUTER 

Performs frequency domain analysis of linear 
two-port circuit in sub-audio to microwave fre- 
quency range. 
Calculates frequency response of voltage or 
power gain, and input and output impedance, 
or a complete set of S parameters. 
Accepts 17 different types of circuit elements 
including 1. C, R, transmission line, S or Y 
parameters (frequency dependent), transformer 
(ideal or magnetically coupled), controlled cur- 
rent or voltage source, etc. 
Frequency dependent source and load impe- 
dance data are accepted. 
Circuit data may be entered from keyboard or 
disk file. 
Built in editor routine allows quick modification 
of circuit data. 
Calculation results are presented in tabular for- 
mat and may be saved in d~sk file. 
ATARl with 48K RAM, one disk drive, and a 
printer are required to run the programme. 
Price $195 plus $5 shipping charge. 

Kazunari Honjo, AD4H 
1917 W. Tuliptree Dr. 
Huntsville, AL 35803 

(205) 883-9840 
Y 191 
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smzrcnnnnnnnnnnsm?mw John J Meshna Jr, Inc. ' 9 9 9 F r n 5 7 W 2  

I 1 
19 Allerton Street. I.vnn. MA 01!)04.'~el: (6171 59.5-2275 

PROCESSOR 

19" HI-RESOLUTION 

Thru a special purchase we got hold of 50 brand new 19 " 
color displays. They were made by Wells Gardner for one 

precise user control over screen resolution. A real plus! 
Requires 25 V - 0 - 25 V input for amps, available separately. 
Some spec's for you technical people: signal inputs "X" 
horizontal 1 6 V  P-P +8 V, "Y" vertical 12 V P-P +6V: 
"2" beam drive, 4 V max brightness, 1.0 volt black level. 

$1.50.00 eavh 
Quantity pricing available. 

any encoding scheme: ASCII. BAUDOT. EBCDIC. 
HOL,LEI<ITII or olhers just  by setting th r  EI'HOM lo the 
particular specificalion. The keyboard is wcsll con- 
slructcsd and layed 0111. The board is layed out in an  
ASCII configuralion with control codes. full numerir:~. 
upper and lower case with elrctronic shift lock. p l i ~ s  a 
numrric scratch pad to Ihc right with 4 way cursor con- 
trols. Ahsolutcly bcauliful!! Each one comes with 
schrnlalic,, ant1 data. This will be a fasl seller. so  ordrr  

. . . :-- 
$45.00 each 

board is made up  of 3 sections. The typewriter format 
section has 2 control keys plus full upper and lower case 
alpha-numerics. The 42 keyswitch pad, when used with 
appropriate logic, allows extensive, precise manipulations 
of displayed data such as close up, moving information, 

Shpg. Wt. 114 Lb. SP-328 A-35 
Siwle 5 V2716 EPROM, pl.ogrammed for AXXI for use in the 
above keyboard (Kybd 7 ) SP-328 R35 

AAA Nicad Batteries 

call (617) 595-2275 and Charge It! 
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John J Meshna Jr, Inc. 
DlJAL FLOPPY DISC DRIVES - - . . - - - - 

BRAND NEW, single sided, dual f loppy disc drives made for  Digital E q u i p  
ment Corp. (DEC). This beautiful piece of computer hardware consists of  2 
Sliugart compatible TEAC 40  track, double density, 5%'' mini-f loppy disc 
drives brand new in  the case wi th  their own requlated, switching power s u p  -. . . . . - - 

I olv coolino fan & onloff  switch. Each un i t  also comes wi th  a line cord & 7 ,, - - -  ., 
1 / I .locumentation. These were made for DEC. b u t  are also compat~ble wi th  ,'1'11 .~. - 

~ t h e r  penonalcomputen such as IBM, TRS 80 models I, II, & the Color 
Computer, and other Snugart compatible interfaces. Naturally, you supply 
the cables and disc controller card t o  suit your particular system. The RX- 
180 AB runs o f f  o f  115/230 VAC 50160 Hz. wlout  any modifications t o  
the drives. Each svstem comes i n  the original factory box and are guaran- 
teed functional. A blockbuster of  a buy 1! 
Shoo. wt. 21 Ib. stock no. RX 180AB $250.00 
R X  i 8 0  A B  modified t o  run w l  the T I  9914A $285.00 
Disc drive cable for Radio Shack Model l S15.00 Disc drive cable for TI 9914A $15.00 

HIGH SPEED KSR PRINTER TERMINAL - - 
Vorld famous, high speed G. E. Terminet 1200 RS 232 KSR printer terminals are r,-3. - - -LT -. 
~ o w  i n  stock ready for shipment t o  you. This has t o  be one o f  the finest letter qual- 
ty printers ever offered at a bargain price. These terminals can be used as an RS 232 
synchronous communications terminal or used i n  the local mode as a typewriter. 
'he t r rminah were removed from sewice for upmading. Highlights o f  these machines ..- ~~~ ~ 

re: Standard RS 232, fu l l  duplex, asynchronousdata comm.. fu l ly  formed upper and 
ower case letters, 128 character ASCII set, selectable baud rates o f  110, 300. or  1200 
IPS. 80 columns o n   in feed paper, and less weight 81 size than an ASR 35 teletype ~. 
vith far less racket.   he^ are ;iktually electronically foolproof as every pc board is 
'ico fuse protected. Should your  machine not  work, just check the on board fuses & r 

I ou t  o f  10 times that is where the problem lies. Schematics are provided w l  each ma- 
,hine sold. Current price o f  this machine new is over $2000.00 ! Our meager price for 
his fantastic printer is only 10% o f  this: $20030 each!!! Visually inspected pr ior t o  

I - 
hipment t o  insure completeness. Shpd. truck freighl collect. 

NOW O N L Y  5150.00 

IBhl545 SELECTRlC BASED 
TYPEWRITER PRINTERS 

'rllt3sr ruggc.(l, I~anclsomt- 11rin1c.r~ wr r r  m;~de for t lnr o f  the g i a n l ~  
o f  lhe c<,nrpuler in(luslry. l ' l~ ry  ran I,r use(l ;IS ;t slan(lartl typr -  
writer t,r its it nrinter i n  ;t worcl t>rocessing syslem for trlle - - - - -  -.-- ~ - - .  ~ 

letter rluality printing. Solenoids were atldrd tcl the selectrie mechanism 
which disat)lecl the manual rrl,eal f i~nct ion hut still ;illows electronic 

v-, 

reppat funclions. I t  uses standard IRM typing halls. 'Ph'r voltage 
requirements are stnndnrcl 1 15 VAC, 5 VDC at I OOma, an11 2 4 VDC at 
4 amps. A l l  are new in factory boxes, but  may reqllire a(ljustmenls. 
We provitlr litcrature and schematics w i t t ~  1 ribbon and clraninc tools. 
Wit11 the nddil ion o f  our (:twlronics to  Selwlric 110 nclaplrr, ~ I IU could 
easily interface this printer l o  almosl any micro computer system. 
'I'yl~ewriter Printer s11x.k no. Rl< 1000 A $375.00, 745 manual 630.00 
Sl~pr:  w l  ;lpprox. 8 0 I,bs, shpcl 11s truck, collect. 

(:I<N'l'HONIC:S TO SEI,E('TPI(: INTERFACE 
Tills intrrf;lce wi l l  arl;~pt ;I Iledactron Selrrtric 110 typewriter mechanism 
L<I he usrtl ;is a parallel ASCII compatible printer. Thc parallel input 
port provides compatihil i ly Lo Centronics stantlards for both "busy" 
and "acknowledge" protocols. The interfare requires only +5VDC at 

Send S.A.S.E. for free data sl~eet 
350 ma. T11is interface is fully built, lrss power supply, is guarenteed 
onerational. and comes will, clata. S h p ~  wt. 15 Ibs DE 201 A.1245.00 

1 MEG. quad disc drives, plus cases and power supplies for same. 
.isted below are the disc drives. Please call for more info. on the other 
Omponentz 

112 Height 1 Megabyte Disc Drives 
Here we go with another blockbuster buy on disc drives which should 
nake the competition's head spin. We are offering brand new, Minubhhi 
ro. 4853, 16 height, 1 megabyte, mini-floppy disc drives. These drives are 
msutiful. They are fully 34 pin, Shugart compatible. A l l  are double sided, 
jwb le  density. 80 track /side units Each runs on +5 vdc 0.5 amps & +12 
rdc .7 amps Just the drives to use with your IBM, Smyo or other compu 
ler. Each order will come with schematics and panout data 
3-10s. wt. 4 Ib. SPL-85C-35 $175.0@each 213325.00 

Use with your: 
IBM 
Radio S h k k  
Heath 
Xerox 
Sanyo . .. 

Phone Orders accepted on MC, VISA, or AMEX Surpluq Ekctronic Material Send for our  free 72 page catalogue jam 
Vo COD'S. Tel. 1-617-595-2275 packed w i t h  goodies. 

More Details? CHECK-OFF Page 160 March 1985 135 



Viwlr Ham Tube 

Tubes 
3-4002 .................. .$85.00 7360 .................... ..$I 0.00 
3-5002 .................... .85.00 7735A.. ................... .27.50 
4-400A. ................... .80.00 81 22 ..................... .110.00 
4CX250B ................ .50.00 8 156 ....................... .12.50 
5728.. ..................... .55.00 8643 ...................... ..82.50 
811A ........................ 12.00 8844 ........................ 26.50 
81 3.. ....................... .30.00 8873 ...................... 1 75.00 
61 468 ....................... .6.50 8874 ..................... .195.00 
6360 ......................... .4.25 8877 ..................... .500.00 
68838 ....................... .6.75 8908 ....................... .12.50 

MAJOR BRANDS ON RECEIVER TUBES 
75% off list 

Semiconductors 
MRF 245lSD1416 ..$30.00 SD1088 ................... 19.95 
MRF 454 ................. 14.95 2N3055 ....................... 75C 
MRF 455 ................. 10.95 2N6084 .................... 12.50 

RF Connectors 
PL259 ................ .101$4.95 M358 .................. .2.50 ea. 
PL258.. ................ .1018.95 M359 ................... 1 .75 ea. 
UG 17511 76 .......... 1011.60 Type "N" Twist on 
UG255Iu.. .......... ..2.50 ea. (RGBIu). ............ .$4.75 ea. 
UG2731u ............. .2.25 ea. Minimum Order $25.00 

- - =  A l l o w  $3.00 min. for UPS charges fl 

1 BEAM ANTENNA HANDBOOK 1 by Bill OR, W6SAl 
Recommended reading. Commonly ,asked questions like: What is the best 

1 element spacing? Can different yagl antennas be stacked w~thout losing per- 
formance? Do monoband beams outperform tr~banders? These questions 

I and more are fully answered. Lots of construction projects, diagrams, and 
I photos. 198 pages. 01983. 5th edition. 

URP-BA Softbound $7.95 

SIMPLE LOW-COST WIRE ANTENNAS 
by Bill Orr, W6SAI 

Learn how to build simple, economical wire antennas. Apartment dwellers 
take note! Fool your landlord and your neighbors with some of the "invis- 
~ble" antennas found here. Well diagrammed. 192 pages. 01972. 2nd 
edition 
URP-WA Softbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr, W6SAI and Stuart Cowan, W2U( 
Contains lots of well illustrated construction projects for vertical, long wire. 
and HFNHF beam antennas. There is an honest judgment of antenna gain 
figures, information on the best and worst antenna locations and heights, a 
long look at the quad vs. the yagi antenna, information on baluns and how 
to use them, and new information on the popular Sloper and Delta Loop 
antennas. The text is based on proven data plus practical, on-the-air experi- 
snce. 190 pages. (01978. 1st edition. 
oRP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAI - New 3rd Edition 
lncludes NEW data for WARC bands 
The cubical quad antenna is considered by many to be the best DX antenna 
because of its simple, lightweight design and high performance.,You'll find 
quad designs for everything from the slngle element to the multi-element 
monster quad. There's a wealth of data on construction, feeding, tuning. 
and mountlng quad antennas. 112 pages. 01982 3rd edition. 
URP-CQ Softbound $6.95 
Please add $1.50 for one book. $2.50 for two or more books 
to cover shipping and handling. 

Ham Radio's Bookstore Greenville, NH 03048 
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ELECTRONIC Equipment? 
You'll Find Them 

in the Nation's No. z 
Electronic Shopper Magwine 

NUTS & VOLTS 
Noru in Our 5th Y.nr 

Nuts & Volts is published MONTHLY and features: 
NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERClAL CLASSIFIEDS NATlONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 
SUBSCRIPTION RATES 

One Year - 3rd Class Mail . . . . . . . . . . . . . . . .  $10.00 
One Year - I st Class Mail. . . . . . . . . . . . . . . . .  $1 5.00 
One Year - Canada & Mexico (in U.S. Funds) . . $18.00 

. . . . . . . . .  0 Lifetime - 3rd Class Mail (U.S. Only) $35.00 

ORDER WOW1 
SEND: CHECK MONEY ORDER 

VISA MASTERCARD 

TO: NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Address 

C1ty 

State ZIP 

Card No. 

Exp. Date 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY! 

Dealer Inquiries Invited r /  149 
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NAMPA SATELLITE SYSTEMS, ~wc. 
TWO LOCATIONS 

312 12th Ave. So. 6012 W. 34th St. 
Nampa, Idaho 83651 Houston, Texas 77092 

(208) 466-6727 (71 3) 957-5140 

1-800-654-0795 1-800-521-8300 
For Service ONLY (208) 467-3204 

NEW LOW. LOW PRICES! 
MD9 - 9' Dish 

. 
100% NATIONAL FINANCING AVAILABLE THROUGH NAMPA SATELLITE 

FOR MORE INFORMATION CALL 208-466-6727 

EACH OF THE FOLLOWING SYSTEMS CONSIST OF: Receiver, 100° LNA, LNB, or LNC, Wllson MD-9 Dlsh, 
100 Ft. Cable Pack, LNA Cover, Polarmatlc I Feedharn, NSS Dlsh Drlve, A l l  Connectors & Instructions. 

OPTIONS with system 
85" LNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 80 

. . . . . . . . . . . . . . . . . . . . . . . . . .  PM 9' Dish .$ 60 NSS Memory Tracker . . . . . . . . . . . . . . . . . .  $100 
. . . . . . . . . . . . . . . . . . . . . . . . .  PM 10' Dish .$ I40 MTI2100 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $225 

. . . . . . . . . . . . . . . . . . . . . .  Prodelin 10' Dish $400 MTi 41 00 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $345 
. . . . . . . . . . . . . . . . .  Ranger 11' Mesh Dish .$300 Houston Tracker IV. . . . . . . . . . . . . . . . . . . .  .5325 

. . . . . . . . . . . . . . . . . . .  Magnum 12' Dish.. ,5400 Houston Tracker 1V + . . . . . . . . . . . . . . . . . .  $425 

Yilson YM1000 System $1 433 
. --- 
- p m s *  , 
Y - *Lq 

Yilson YM400 System $1 242 
I I I : : :~~~I I I  

I 1 
6 - - 

0 8 ' h  - " - -  

ESR 240 System $1 542 
)rake ESR 324 System $1 392 
.uxor Mark II System $1 908 
lnaspro SRS System $1 692 
)excel 1300-01 System $1 543 
)excel 1200-01 System $ 1 293 
!excel 900-01 system $1 1 78 

More Details? CHECK-OFF Page 160 Y 196 March 1985 a 137 

Uniden UST 1000 Sys. $1 322 
, r r i i i , , n  1 w a 8  ~ ~ u i T ~ ~ s t ~ ~ \ \  EFrga 

uniden t---- Gii7r,,,, UST I , ~ - ~ , ~  300G~sm st,,, 

S 1 472 

Bornan SR1500 System $1 233 
STS MBs-sR system $ 1 5 1 2 
M/A Corn "1 System $2082 
M/A  om TI system $1 982 
Toki TR 110s System $1 333 
Toki TR 220 System $1 462 
 oma an ~ ~ 2 5 0 0  system $2233 
Fansat 3500 System $1 440 



20 MHZ DUAL TRACE OSCILLOSCOPE 45 MHZ DUAL SWEEP OSCILLOSCOPE 

RAMSEY 0 - l l m  
M M  MULlllESTER 
\'.'", , . , ' *~uer. ,~~c.l ."l .~""~pmenl 
111.1I1,1?1 1111Iudl( . I I I I I ~ I I I  flilck 
ILd l l .  . d"i,.ll, IPICII.~ PI.Clll0" 
ni,lrvy c ,,,I . ~ ~ U U I I .  o n ~ r t u ~ d  pro- 
IcciiOl! . .,\ Id<*, ,,>I GUS, ,,"#, 10. 
lh? I,Pg,nnrr or eb n spnrr back-up 
, , , I , ,  

NEW RAMSEY IZUO 
M M  MULTITESTER 

C,,.., . i l l  i l l lP  C<ll"l L"dI.d 0"I" 
numills r ~ ~ e d y  r n r ~ g ~ i  ,c.lect,on . .~nr  i,lar~ic 1111 rc>md ~rces=a t  
Inpill ,ark, . 0"erlil;l.l prull:cllon 
on .,#I r n n p C I  . I . Olqll  LCD dl$- 
play *,," m,,o*cro "lllo 0"l"rlly 
6 low 8&1 lndlcalar 

$4995 '"I"""" 
b.ll..y Imlu.2.d 

CT-70 7 DIGIT 525 MHz 
COUNTER 

CT-90 9 DIGIT 600 MHz 
COUNTER 

CT-125 9 OlGlT 1.2 GHz 
COUNTER 
L . l . . . .  I I 0 I W I I O . I p r . l  ~ r n " n l a c 0 r f .  

' I . '  . ,I I. n ".t . UBlC ""C.,, I .?.mu <. 
'' u.,, I,. r .,an,,, , t y .  * o o I I l r v l "  . I I ' ," . ' I < ,  . O \ O R ,  "2 I . 0 ..' ."DJl. 

CT-50 0 DIGIT 600 MHz 
COUNTER 

OM-700 DIGITAL MULTIMETER I PS-2 AUDIO MULTIPLIER 
lllll,"..l ...................... 1 . ,........ .. I*.,, lh‘. 1.'.-7 . .  . . . . . . t i  I<, I , ,  ..... ....I . . ~  .dudlo 

PR-2 COUNTER PREAMP PS-I0 600 MHz PRESCALER 
ltle PR-2 8s d ~ a i  !or mealurlng wt..ai slgnak Lxl>,nd-. . 1 ,,<. . , '  1 1 1 1 0 . 1 . 1  i I I i ( l i l v r  11) 

lhrirn ?Dl0  1000 MHI . II.3, 1'1,ID~jrtn . RNC 6CU Mt<> . . , I , , > +  c rW.l<7>&> . '>,"* (>< NjCmr-  

conneclorr . nroal lor shlltl!?q HI . ldenl ~ ~ ~ l i r y  . \rr!.,,l,,!) :'!,#nV ln i'iil Me<, . HNC 
r r rs ln . r iTY nrr.nnln rOnrwCIOI5  . <Jr/V( . l  l r v  <nliPl, .r 
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products 

new ICOM headquarters 
ICOM America's new 40,000 square foot cor- 

porate headquarterslsales and service center in 
Bellevue, Washington, has been completed. 
Growth in its expanding line of Amateur Radio 
equipment had caused ICOM America to out- 
grow its prior facility; the new building allows 
for expanded service and warehouse areas as 
well as areas designated for future engineering 
and manufacturing divisions. 

For information on ICOM products, contact 
ICOM America, Inc. at its new address: 2380-116 
Avenue NE, Bellevue, Washington 98004. 

Circle 1301 on Reader Service Card. 

handheld analogldigital 
multimeters 

John Fluke Manufacturing has introduced two 
new heavy-duty analogldigital multimeters - 
the Fluke 25 and the Fluke 27 - designed specif- 
ically for industrial use. The new Fluke 20 Series 
combines the accuracy of a digital meter with 
the dynamic measurement capabilities of an 
analog meter. Built to endure environmental and 
electrical abuse, these sealed meters can with- 
stand drops, shock, vibration, contaminants, 
moisture, and other harsh conditions. 

Both are available in either safety yellow or 
dark charcoal gray. Their liquid crystal display 
works even at extreme temperatures; operation 
is guaranteed from - 15 degrees C to 55 degrees 
C and to - 40 degrees C for 20 minutes. Typical 
continuous operation is from - 20 degrees C to 
60 degrees C. 

The Fluke 25 is priced at $229; the Fluke 27 
at $259. 

For complete details, contact John Fluke Mfg. 
Co., Inc., P.O. Box C9090, Everett. Washington 
98206. 

automatic antenna tuner 
The Heath Company has expanded its 

Amateur Radio line to include the new SA-2500 
Auto-Tune Antenna Tuner. The SA-2500 
features an efficient, continuously variable roller 
inductor that can be preset for 18 different 
frequencies. 

The SA-2500 permits the,user to  preset high 
and low frequencies on each of the nine bands 

from 160 to 10 meters. In the Auto mode this 
tuner sets the roller inductor to  the preselected 
value and automatically adjusts the preset for a 
proper match. A remote capability allows 
selected frequencies to  be automatically tuned 
to the proper SWR using only transmitter band 
switches, provided the transmitter is equipped 
for remote operation. 

Manual tuning is simplified with three front 
panel lever switches and dual wattmeters. The 
wattmeters read forward and reflected average 
power and SWR in two ranges. An auto-range 
circuit automatically switches the wattmeters to 
the appropriate range. 

The SA-2500 effectively tunes and matches 
unbalanced feed lines and single-wire antennas 
at the full legal power limit of a station. The 
SA-2500-1 4:l Balun Accessory can be added 
for use with balanced ladder line antennas. A 
front panel coax switch allows the user to select 
easily from three different, permanently con- 
nected antennas and bypass. 

Heath's Auto-Tune Antenna Tuner installs 
directly into the transmission line. The internal 
SWR wattmeter bridge will measure power on 
all frequencies between 1.8 and 30 MHz, 
200/2000 watts in the forward direction and 
501500 watts reflected. SWR readings on the 
reflected meter provide direct readings from 1 :1 
to 3:1. 

For more information and a free catalog, con- 
tact Heath Company, Department 150-395, 
Benton Harbor, Michigan 49022. 

Circle 1303 on Reader Service Card. 

"dishpositioner" 
Electroaids lnc. has announced the introduc- 

tion of its Electro-Scan '85 "dishpositioner." The 
reliability of the new Electro-Scan '85 has been 
increased by the inclusion of minor improve- 
ments in the state-of-the-art circuitry. The ex- 
terior of the control box has also been redesigned 
for greater attractiveness and a more contempo- 
rary appearance. 

The Electro-Scan '85 uses an analog micro 
system and features a dial control that shows 
dish location by actual satellite name. The 
"dishpositioner" uses a 36-volt DC motor drive 
for safety, and offers precise positioning along 
with a lock and key on the control box for owner 
control. 

Information on the unit is available from 
Electro-Com, Suite 112, 8459 N. Main Street, 
Dayton, Ohio 45415. 
Circle #302 on Reader Service Card. 

SHORT CIRCUIT HOTLINE- 
Building a current hem radio project7 Call the 

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

(See "Publisher's Log.'' April, 1984. page 6, for 
details.) 

FRESH STOCK -NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2-30MHz 12V (* = 28VJ 
PIN Rat~ng 

MRF406 20W 
MRF412 BOW 
MRF412A 80W 
MRF421 1 OOW 
MRF421C 110W 
MRF422' 150W 
MRF426' 25W 
MRF426A' 25W 
MRF433 13W 
MRF435' 150W 
MRF449 30W 
MRF449A 30W 
MRF450 50W 
MRF450A 50W 
MRF453 60W 
MRF453A 60W 
MRF454 80W 
MRF454A BOW 
MRF455 60W 
MRF455A 60W 
MRF458 80W 
MRF460 60W 
MRF475 12W 
MRF476 3W 
MRF477 40W 
MRF479 15W 
MRF485' 15W 
MRF492 90W 
SRF2072 75W 
CD2545 50W 

Selected H ~ g h  G a ~ n  Matched 

Ea Match Pr 
$14.50 $32.00 

18.00 40.00 

16.50 36.00 
3.00 9.00 
2.50 8.00 

13.00 29.00 
10.00 23.00 

6.00 15.00 
18.00 39.00 
15.00 33.00 
24.00 55.00 
Quads Available 

I VHF TRANSISTORS I 
Rating Ea 

15W s10.00 
12W 12.00 
40W 13.50 
3.5W 10.00 
25W ' i . 0 0  

1W 2.50 
30W 12.00 
30W 15.00 
40W 16.00 
80W 25.00 
80W 25.00 

5W 6.00 
30W 13.00 
70W 18.00 
1.8W 2.60 
0.5W 9.00 
15W 18.00 
25W 23.00 
40W 24.00 
60W 29.50 
80W 29.50 

125W 37.00 
1W 1.25 
4W 10.00 

l o w  12.00 
4W 6.00 

15W 7.00 
25W 9.00 
30W 9.50 
40W 12.00 

TMOS FET 
30W $22.50 
30W 35.00 

150W 92.00 
1 SOW 80.00 

80W 65.00 
125W 88.00 

Technical Ass~stance & cross-reference 
information on CD, PT, RF, SRF, SD PINS 
Call Engineering Dept. (6 19) 744-0 728 

RF Parts Catalog Available f l  188 
OEM & Quantity Discounts 

Minimum Order $20 Add $3.50 Shlpplng 
WE SHIP SAME DAY C.O.D.IVISAIMC 

ORDERS ONLY: 800-854-1 927 
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Use Your Wireless 
Control 

FROM ANY ROOM!!! 
Works wtlh most lnfrored 
remote control receivers 

. . 

LIKE HAVING A SATELLITE RECEIVER. VCR. 
CABLE TV, AND VIDEO DISC IN EVERY 
ROOM! 

Remote control Salelltle 
Uece~ver VCl2 Coble I \ '  H 
clna Video Llfsr Carl now b? MOML 

LIMY"  
% 

used Ionq d~stance - lnslall on any I\ !o occess oll 
--. 

o r  e n  o n  a \1.+9 r q  
cornporlenl? . Makes r i c r  re!r)nle Ii's 
remote cnrrt~ollal-4'. w~th 
rfrnole cr~r~tlot VCK Cahle 
Selector PI Sote l l~ l~  IPece~v~r 
Nc Ioncv u lrlng neeaed 
11s~'. P~tstlng coax~il l w8llrig 

$7995 
Plus $3.00 

hetweeri I \  s shipping & handling 
No r r l ra  cor,trnls Ir, h i i i  1 1 5 ~ ~ s  
Ihr hand held lernotp 
corilri>lters y o u  i31rendv t i o e  
Nn tnolr rrqutrc3 I o r ~ l i  
lntlolled In rr'tnutes 

608-493-2291 
DEALER INQUIRIES WFLCOMF 

MERRIMAC r.t-E @@ 

SATELLITE i , , , , ~ rp  ' Me,, mv,,+c r,l +ic,t;l 7 f l  195 -2 

B L C - S ~  . I M IYCN MODULL Y I I O L E ~  m a ,  uuurhm- 
IWIURIE II KEY UFYAIUUE n w  K C V ~ O A ( I D ~ ~ A  o a ~ t n  r w a  
LMlP DCSIO* ~D"C..I"*AL - UHIOVC S.*T..C"fr r " S P O l l  
Cools <M t Y ( n l )  I I t W I I 1 1  -GIUPH W W I N G  **D A u I M l l F D  01s 
R * ' l C L U A " l r  1" 9 1 :  DrCIY., PUCCS FOR '"L, ".*T.T ,"a,* 
AN" SClfl(llFl< rUltCll i lNS A1 .* AFrOYOIBLE WtC, 

we BWW NI WMAT THE rlcromv HAD tm IN 51KL .NO MID 
rn afuOvl  W E  U B E L S . W I Y  UHliS LDI  UNPaCUDIII LSSS 1 W I  
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 20 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

Rag Chew With Rare DX Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Otlier AMSAT Membership Benefits: 

ORBIT Magazine Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
, side North America. VISA and MC accepted. 
I 
I 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 

J 192 



Come Join Us at the Largest and Most Magnificent 
Satellite TVRO Show Ever Held! 

LAS VEGAS SHOW '85 
The MGM Grand Hotel Las Vegas, Nevada 

March 31, April 1-2, 1985 
: 600 Booths Previewing the Latest Equipment,for ' 8 !  

- -, 

- p-, 300 Operating Satellite TV Antennas,! 
Intensive Seminar Programming! 
Plus Entertainment! 

w . E ..L,C,'~,M;E- This is the show you've been waiting f o r . .  .Don't miss it-! 

TO FCiGU.eOCC6 FOR DETAILS: Call STTI at 1.800.654-9276 or (405) 396-2574 

LAS VEGAS/'; or.Write STTI, P.O. Box G, Arcadia, OK 73007 
, I: 

H 
r; 

...C 

1 



HOBBY KITSB 
EXPERIMENT - LEARN ELECTRONICS 

BUILD AND DESIGN YOUR OWN AM,FM, CW, 
OR SSB RECEIVERS,TRANSMITTERS AND ETC 

WITH OUR MINI-LINEAR CIRCUIT KITS 
All k~ts  Come Complete With Etched and Dr~lled Ctrcu~t Boards 

and All Parts Needed To Function As Described 
AFA-1 AUDIO AMP LM 380 1 Z W ~ I I S ~  16 OHM output $4.95 

AFP-1 AUDIO PREAMP. Dual ~ u d l o  Preamp - For Mlke t t c  $3.95 

BMD-1 BAL. MIX LM 1496 Mlxer - S B Modulator Tuned Output $9 95 
DET-1 AM DET Am Envelope Detector Wth AGC Output $3 95 
DET-2 FM DET L M  3065 FM Detector 1455 KHZ or 4 I 1 MHz]  $7.95 

DET-3 SS6 DET LM 1496 SSB Detector (Needs OSC 1 or OSC 4 )  $9.95 
DET-4 DETECTOR CW/SSB ustng a dual gate FET tranststor $4 95 
IFA-1 IF AMP CA302830 D B G a n  Opt~onal AGC1455 KHZor9  11 MHz) $6.95 

FLS-9 SSB FILTER 9 MHZI2 1 KHz BW w~th  US8 XAL for DSC 1 $49 95 
IFA-2 IF AMP CA302830 D B G a n  1 100 MHZ Opt~ona  AGC $6 95 
MBA-1 FREQ. MULT Tuned Outpu~ euner Muit Arnplter To 250 MHZ $5 95 
OSC-1 CRYSTAL OSC l o o  KHz - 20 MHz Not Tuned $3 95 
OSC-2 CRYSTAL OSC Ov 18 200 MHZ Tuned Output $4.95 

PSV-1 POWER SUPPLY LM 723 Wth Pass Transstor 3 amps rnax $7 95 
PLL-2 TONE DETECTOR LM567 PLL Tone Detector $5.95 
RF/MIX-l RF-AMP/MIXER CA3028- Tuned RFAMPIMlxer 1 100 MHz $7.95 
RF/MIX-2 RF-AMP/MIXER 3N204Tuned RFAMIMlxer 1 - 250MHZ $7.95 
VCO-3VARlABLE HI STAB.OSC Varactortuned 400 to 600 Khzoutput $7 95 
VCO-4 VARIABLE HI STAB OSC. Varactortuned 3 to20Mhzoutput $7 95 
Add $2 00 For Shipp~ng & Handling - Send For FREE Brochure 

SEND $2 00 FOR FULL MANUAL WITH CIRCUIT DIAGRAMS AND 
TYPICAL RECEIVER AND TRANSMITTER HOOK UPS 

MANY OTHER MODULES AVAILABLE 

MORNING DISTRIBUTING CO. 
P 0 BOX 717. HIALEAH. FLA 33011 f l  159 

MARCH 8, 9, 10, '85 

AIR-CONDITIONGD ORLANDO aPO-CGNTRf 

500 WEST LIVINGSTON 
NEAR 1-4 & HIGHWAY 50 

REGISTRATION $5 advance, $7 at door 
under 14 kee 

SAT. FCC EXAMS, SAT. LADIESJ PROGRAM, HOUR1 Y A WARDS 

For swap tables, commerc~ol booths. 
advance reglstrotlon, or ~nformatlon. 

please send self addressed stamped envelope to: 

HAMCATION CHAIRMAN 
P.O. BOX 1 51 42 ORCANDO, FlOAlDA 32858 

WHAT'S REALLY HAPPENING 
IN HOME SATELLITE TV? 

SATELLITE 
TEL EVlSlON 

, .MAGAZINE STV 
A monthly of 100-plus pages, has all you 
need to know about where to find equip- 
ment, how it performs, how to install it, 
legal viewpoint, & industry insights. 

$24.95 per yr. (1 2 monthly issues) 
$ 2.00 for Sample Issue 

MONEY BACK GUARANTEE if not 
satisfied (subsription orders only). 
Keep first issue with our compliments. 

If you already have a dish, then you need 

-the best in satellite TV programming. 

* Weekly Updated Listings 
Ir All Scheduled Channels * Complete Movie Listing * All Sports Specials * Prime Time Highlights 

$39.00 per yr. (52 weekly issues) 
$ 1 .OO for Sample Copy 

Visa@ MastercardB accepted (sub- 
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: 

STV '" /Onsat '" 
P.O. Box 2384 - Dept. PS 
Shelby, NC 28151 -2384 
Subscription calls only 

fl 140 Toll Free 1-800-438-2020 
HR 
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Master code <)r I I I X I I . ~ Y  in a matter 01 days 
Code  Quick 15 a unlque breakthrough 
w h l ~  h simpl1f1e5 Iearn~ng Morse Code 
Instead 01 a confusing maze of d ~ t s  and 
dahs, each lelter w l l  mag~cally begin to call 
out 11s own name' Stop torturing yourselfl 
Your amazlng k ~ l  contalntng 5 power 
packed cassettes. v~sual breakthrough 
cards and ong~nal manual Is only 539 95' 
Send check or money order today to 
WHEELER APPLIED RESEARCH LAB. 
P 0 Box 3261. City of Industry. CA91744 
Ask for C o d e  Quick Ula3. Cal~forn~a 
restdents add 6% sales tax 

One User Comments: 
"First new ~dea In  code study and the darn 
th~ng  works' So much fun you don't real~ze 
how much you're learn~ng 

M S Greneda. MISS 

Hundreds of satisfied customers! 
You can't lose' Follow each slrnple step You 
must succeed or return the k ~ t  for a total 
lmmed~ale refund' 

Satellite T.V. 
$995.00 
complete 

FACTORY 
DIRECT 

YO,// PRICING 
Install it yourself el and save $$$ 

. E-Z imtanallon manual 
Pmlng lor our name brand equipment 
nw to nnd the bnds In your area . DeaW-Bmker prcgram, no mvestment, do nol mlss 
thus money maklng cwonunlty 

Haleyvllle AL 35565 

OYSAN' OISKEnES 
PREMIUM OUALITY AT HUGE SAVINGS 

PRINTERS 
.................... h r r o n l c  KX-P 1090 524.00 
.................... Panawnlc KX-P 1091 5302.00 

Okldala ML-82A ............................ 5305.00 
Okidata ML-84 .............................. $695.00 
Wrlle or call for complete cabloo on com- 

putm andlor books 
SHIPUNG s'.' DISK!3TES Add S300 D r  
100 or law PAYMENT VISA M/C or 
chrhrrlth Wdsr COOordsn.ddS2 00 $1 50 
credit an low dlalsnca mons orders TAXES 

More Details? CHECK - OFF Page 160 

New From 

DX The 80 & 40 
Meter Bands 

The HF2V is the perfect complement 
for the Ham who already has a beam 
antenna for 10-15-20 meters. Add 80 
and 40 meters (160 meters with an op- 
tional resonator kit) with a trim-looking 
vertical that can be mounted almost 
anywhere. 

With the decline in sunspot activity, 
the HF2V's low angle of radiation will 
get you DX on the low bands - - even 
when 10-15-20 meters are "dead." 

Automatic bandswitching. No lossy 
traps. Double wall tubing on the bottom 
section. Stainless steel hardware. Full 
'14 wavelength on 40 meters. 
Height: 32 ft. --Self supporting 
Power rating: legal limit 
VSWR: 2: l  or less 

40 Meters: Full CW & Phone 
band 

80 Meters: 90 kHz 
Add-on resonator kits available for 
160-30-20 meters. 

Wrlte for our FREE CATALOG. 

BUTTERNUT 
ELECTRONICS 

405 East Market Street 
Lockhart, Texas 78644 

(51 2) 398-9019 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

A ' " " ' ? ? ~ ~  Since m3 

1 12033 Otsego Street, North ~ o l l ~ w o o d .  calif. 91607 I 
In Germany Flertmn~kiaden. W!thetm - Melltes Slr 88 4930 Detmold I 8  West Germanv 
In Jaoan TJyomura tleclron!cs Commny. LIO . 7.9 I-Chome Sola-Kanda Cnfyoda.Ku Toryo. Japan 
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NO FRILLS-JUST LOW PRICES 

CALL FOR SPECIAL PRICES ON- 

KENWOOD 

ICOM 

YAESU 

TEN-TEC 

DAlWA METERS- KEYERS -AUDIO FILTERS 
CUSHCRAFT LINE OF ANTENNAS 

CALL TOLL FREE & 1-800-433-3203 \ 

1,- THE WORLD OF 
HAM=T\I! 

Hams should be "seen" 
as well as heard! Thou- 
sands of ATV operators 
across the country are 
sending great looklng color 
N pictures (with sound) to  
each other. FSTV-DX can go 
hundreds of mlies. There 
are now over 80 Ham Televi- 
sion "Repeaters" relaying 
these video signals over 
rough terrain. 

Ham Radlo U H F - N  is as 
simple as hooking up a 2 
meter rlg and antenna. Our 
"Everythlng You Always 
Wanted To Know About 
ATV" 112-page manual will 
teach you how to  do i t  
($9.95). 

fl 185 

Under the guidance of the "United 
States ATV Society," Amateur TV 
(FSTV-SSTV-FAX) is growlng In actlvi- 
ty. And, we've been promoting it now 
for over 18 vears! 

Sample issue. Just $2.50 ppd. 

Speclai Trlal Subscrlptlon - S10.00., 

(Published Monthly) 

A5 ATV Magazine 
P.O. Box H, 
Lowdcn, Iowa 

52255  

A Dnvovon of 
QCD Puhl~ratnons. I r .  

~.- 

=\ 
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1. It's BRAND NEW 
2. It's BIGGER. Over 1024 

3. It's EXPANDED. Covers 
everything from basic 
electron~cs to esorteric 

4. It 's chockfull of NEW 

5. It 's the MOST COMPLETE 
reference text available. 

6. Get your copy TODAY. 

(plus $3 50 shlpplng) 

ORDER YOURS TODAY 



short circuits 
solar power 

In the article, "Complete Solar 
Power for your ham station," by 
NHGN, (December,"l984, page 22, the 
note in fig. 6 should be changed to 
read: "Adjust P-1 to have comparator 
go low at 0.5 A or greater as desired." 

In the September, 1984 issue a line 
of coding was inadvertently omitted 
from the program listing in W2QLlfs 
ham note, "VIC-20 printer" (page 88). 
210 GET BS should be inserted be- 
tween lines 200 and 220. Other than 
that, both figs. 1A and 1B are correct 
and the circuit/software combination 
should work. 

The following additional information 
provided by the author should also aid 
in joining micros to teletype machines: 

"One does not have to use the 9-pin 
terminal strip under the call box on the 
ASR-33. Socket No. 2 at the end of 
the call box on the ASR-33 has 15 pins 
(see fig. 1) and is easy to get at. These 
pins are connected to the terminal 
strip. Radio Shack sells a 12-pin plug. 
All one has to do is cut the top off the 
plug so that it will fit the 15-pin socket. 

"I believe the interface will work 
with the Commodore 64 or any other 
micro, that has the necessary outputs 
and can accept the listing. (It should 
also be possible to use the ASR-35 and 
ASR-43.) 

"I ran a big Centronics 101A printer 
using the fig. 1 B interface. It required 
2400 baud. (The ASR-33 provides 110 
baud, ASCII.) I have other software for 
the VIC-20-to-ASR-33 such as "screen 
dump," "save on tape," and "run to 
the ASR-33." 

The nice feature of this VIC-20-to- 
ASR-33 is that it works both ways. 
Type on the VIC-20, and it prints on 
the paper of the ASR-33; type on the 
ASR-33 keyboard, and it appears on 
both the screen and paper." 

SHORT ClRCWT HOTLINE 
Building a current ham radio project? Call the 

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

lSee "Publisher's Log," April, 1984, page 6 ,  for 
details.) C 6 0 3 -  878- 1441 1 

COMPUTER CMYTH 
I I Now there's a harkare magazine pensive motorized wirewrap tool and 11 
1) that's all about computers for people much more. I I 
1) who like to build their own. Computer During its premiere year, Computer I I 

I I Smyth's premiere issue is coming in $myth will survey the more than two 
March 1985, providing all the pleas- dozen computer kits now available in 
ure, economy and satisfaction of the US. Kit builders will report on 
build-it-yourself projects that Hams many of them from the simplest 280 
know so well. CPU offerings to some of the newest 

Our authors take you inside the 68000, 32-bit machines. 
chips, talk about what they do and Compu~er Smyth is published by 
how they're controlled, and explain Audio Amateur Publications, publish- 
command options you may never have ers of Audio Amateur and Speaker 
heard of before. Computer Smyth's Builder magazines. All three are 

1) first quarterly issue begins a series on a reader-centered, hardware-intensive 11 
( 1  complete 280 based computer on publications whose editors believe that ( 1  

three 4x6'12 " boards, which lets you a magazine's primaty job is satisfying 
intedace 3 '/4 , 5 L/4 and 8" floppy disks the reader not consumer marketing. 
in aAl densities and track configura- Our magazines are run by tech enthu- 
tions. John Adams' series will include siasts not MBAs looking for profits. 
a switching power supply, a PROM Computer Smyth's editors guaran- 
burner, a modem and software options tee that if you are unhappy with Com- 
for this rack-mount system. puter Smyth for any reason, your 

The first issue will also feature an money will be refunded upon request. 
X / Y  plotter vou can build, an inex- 

I! I I 
.-----------------------------.--------------------------------------.- 

Yes, enter my subscr~ption to Compu- Make that two years at $25. 
ter Spyth for one year at $1 5.  
Check enclosed. Charge to credit card. 

Name 

Street & No. 

- 

Town State ZP 

MCIVISA Card # 

Eipue Signature 

Computer Smyth Magazine r /  142 

PO Box 176 Peterborough, NH 03458 
Charge card orders: (603) 924-9464 
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SPRING CLEARANCE SUPER SAVINGS ! ! ! 

FEATURING: 

ICOM, AEA, LARSEN, VAN GORDEN, VIBROPLEX, 
NYE-VIKING, FALCON COMM., LEADING EDGE, 
ARRL PUBLICATIONS, KALGLO, HAMTRONICS, 
PROWRITER, ELEPHANT DISKS, RAMSEY ELECT. 

915 North Main Street K ' & J k l i / U  urj*um&*lal 

Jarnestown, New York 14701 r /  is6 pH. (716)664-6345 



I A 

TvpE PRICE -- PRICE TYPE PRICE 

TUBES 
TYPE - 

2C3917289 $ 34.00 l l82/4600A $500.00 ML7815AL $ 60.00 
2E26 7.95 4600A 500.00 7843 107.00 
2K28 200.00 4624 310.00 7854 130.00 
3- 5002 102.00 4657 84.00 ML7855KAL 125.00 
3- 10002/8164 400.00 4662 100.00 7984 14.95 
3B28/866A 9.50 4665 500.00 8072 84.00 
3CX4OOU718961 255.00 4687 P.O.R. 8106 5.00 
3CX1000A7/8283 526.00 5675 42.00 8117A 225.00 
3CX3OOOF1/8239 567.00 5721 250.00 8121 110.00 
3CW30000H7 1700.00 5768 125.00 8122 110.00 
3X2500A3 473.00 5819 119.00 8134 470.00 
3X3000F1 567.00 5836 232.50 8156 12.00 
4-65A/8165 69.00 5837 232.50 8233 60.00 
4- 125Al4D21 79.00 5861 140.00 8236 35.00 
4-250A15D22 98.00 5867A 185.00 8295lPL172 500.00 
4-400Al8438 98.00 5868lAX9902 270.00 8458 35.00 
4-4OOB/7527 110.00 5876/A 42.00 8462 130.00 
4-4OOC/6775 110.00 588116L6 8.00 8505A 95.00 
4-1000Al8166 444.00 5893 60.00 85331.1 136.00 
4CX2508/7203 54.00 5894lA 54.00 8560/A 75.00 
4CX250FGl8621 75.00 5894618737 54.00 8560AS 100.00 
4CX250K/8245 125.00 5946 395.00 8608 38.00 
4CX250R/7580W 90.00 6083/AZ9909 95.00 8624 100.00 
4CX300Al8167 170.00 614616146A 8.50 8637 70.00 
4CX350A/8321 110.00 6146B/8298 10.50 8643 83.00 
4CX35OF/8322 115.00 6146W/7212 17.95 8647 168.00 
4CX350FJ/8904 140.00 6156 210.00 8683 95.00 
4CX600J/8809 835.00 6159 13.85 8877 465.00 
4CX1000A/8168 242.50* 61598 23.50 8908 13.00 
4CX1000A/8168 485.00 6161 325.00 8950 13.00 
4CX15008/8660 555.00 6280 42.50 8930 137 .OO 
4CX5000A/8170 1100.00 6291 180.00 6L6 Metal  25.00 
4CX10000D/8171 1255.00 6293 24.00 6L6GC 5.03 
4CX15000A/8281 1500.00 6326 P.O.R. 6CA7/EL34 5.38 
4CW8OOF 710.00 6360lA 5.75 6CL6 3.50 
4D32 240.00 6399 540.00 6DJ8 2.50 
4E27A/5-1258 240.00 6550A 10.00 6DQ5 6.58 
4PR60A 200.00 6883Bl8032A18552 10.00 6GF5 5.85 
4PR60B 345.00 6897 160.00 6GJ5A 6.20 
4PR65A/8187 175.00 6907 79.00 6GK6 6.00 
4PR1000A/8189 590.00 6922/60J8 5.00 6HB5 6.00 
4X150Al7034 60.00 6939 22.00 6HF5 8.73 
4X150Dl7609 95.00 7094 250.00 6JG6A 6.28 
4x2508 45.00 7117 38.50 6JM6 6.00 
4X250F 45.00 7203 P.O.R. 6JN6 6.00 
4X500A 412.00 7211 100.00 6JS6C 7.25 
5CX1500A 660.00 7213 300.00* 6KN6 5.05 
KT88 27.50 72 14 300.00* 6KD6 8.25 
4168 45.00 727 1 135.00 6LF6 7.00 
416C 62.50 728912C39 34.00 6LQ6 G.E. 7.00 
572BIT160L 49.95 7325 P .O.R. 6LQ616MJ6 Sy lvan ia  9.00 
592/3-200A3 211.00 7360 13.50 6ME6 8.90 
807 8.50 7377 85.00 12AT7 3.50 
81 1A 15.00 7408 2.50 12AX7 3.00 
812A 29.00 7609 95.00 12BY7 5.00 
813 50.00 7735 36.00 12JB6A 6.50 

NOTE * = USED TUBE NOTE P.O.R. = PRICE ON REQUEST 

"ALL PARTS MAY BE NEW, USED, OR SURPLUS. PARTS MAY BE SUBSTITUTED WITH COMPARABLE PARTS I F  WE 
ARE OUT OF STOCK OF AN ITEM. 

NOTICE: ALL PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. 

For information call: (602) 242-3037 

Toll Free Number * * A I I  parts may be new or 

800-528-01 80 
surplus,  and par ts  may be 
substituted with comparable parts 
i f  we are out of stock of an \tern." 

g M x z  electroqpgj 
(For orders only) PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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"FILTERS" 
C O L L I N S  Mechanical F i  1 t e r  #526-9724-010 FlODEL F455Z32F 

455MZ a t  3.2KHz wide. May be o t h e r  rrcdels but equivalent. May be used or new. $15.99 

ATLAS Crystal F i l te rs  
5.595-2. 7/8/LSB, 5.595-2.7/ISB 
8 po le  2.7KHz wide Upper sideband. Inpdence 8 0 0 0 h s  15pf 1n/8000hs Opf out. 19.99 

C 
5.595-2.7/8/U, 5.595-2.7/USB 
8  ole 2.7Khz wide Upper s i d e b n d .  Impedence 800ohms 15pf 1n/8000hms Opf out. 19.99 

5.595-. 50014, 5.595-. 500/4/m 
4  ole 500 c y c l e s  wide CW. Impedance 8000hms 15pf 1n/800ohms Opf out. 19.99 

9.0USB/cw 
6 p l e  2.7KHz wide a t  6dB. Impedance 6800hms 7pf In/3000hms 8pf out. CW-1599Hz 19.99 

K O K U S A I  E L E C T R I C  C O ,  Mechanical F i  1 t e r  #HF-455-ZL/ZU-21H 
455KHz a t  Center R-equency of 453.5KC. Carrier Frequency o f  455KHz 2.36KC Bandwidth. 
Upper sideband. (ZU) 19.99 
LDwer sideband. (ZL) 19.99 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRYSTAL F I LTERS - 
NIKKO EX-0780w 7.8EIWz $10.00 
TEW FEC-103-2 10.6935MHz 10.00 
SDK SCH-113A 11.2735MH~ 10.00 
W TF-3lH250 CF 3179.3KH~ 19.99 

001019880 10.7MHz 2 p l e  15KHz bardwidth 5.00 
!4YmROIA 4884863801 11.7MHz 2 p l e  15KHz h d w i d t h  5.00 
PTI 5350C 12MHz 2 p l e  15KHz badwidth 5.00 
PTI 5426C 21.4MHz 2 p l e  15KHz bandwidth 5.00 
I T 1  1479 10.7MIIz 8 p l e  bandwidth 7.5KHz a t  3dB, 5KHz a t  6dB 20.00 
cnmXH Al0300 45MHz 2 p l e  15KHz bar?dwidth 6.00 
FTC ERXF-15700 20.6MHz 36KHz wide 10.00 
F I L n  2131 0' 7.825MHz 10.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CERAP1 I C FILTERS 
?XEL 4'3449 12.6KC Bardpass F i l t e r  3dB bandwidth 1.6KHz frcm 11.8-13.4KHz 10.00 
C I m T E  D 0 1 A  455KHzt2KHz bandwidth 4-7% a t  3dB 5.00 

TF4-12D36A 455RIz+-UHz bandwidth 6dB min 12KHz, 60dB max 36KHz 10.00 
M M T A  BFB455B 455MIz 2.50 

BFB455L 455KHz 3.50 
CFM455E 455KHz t5.5KHz a t  MB , t 8 m z  a t  6dB , t l 6 K H z  a t  5CdB 6.65 
(TM455D 455Wz t7KHz a t  MB , t1OKHz a t  6dB , t20KHz a t  50dB 6.65 
CFR4 5 5E 455KHz t5.5KHz a t  3dB , t8KHz a t  6dB , t l 6 K H z  a t  60dB 8.00 
CFU455B 455KWz t2KHz kanchidth t l 5 K H z  a t  6dB, +-30KHz a t  40dB 2.90 
CF'U455C 455KHz t2KHz bandwidth t12.5KHz a t  6dB , t24KHz a t  40dB 2.90 
CFU4 5 5G 455KHz t l K H z  bandwidth t4.5KHz a t  6dB , t lOKHz a t  4WB 2.90 
CF'U455H 455KHz t1KHz bardwidth t3KIIz a t  6dB , t9KHz a t  4CdB 2.90 
W 4 5 5 1  455KHz t l X H z  bardwidth +-2KHz a t  6dB , t-6KHz a t  40dB 2.90 
CFW4 55D 455KHz tlOKHz a t  6dB , t20KHz a t  4CdB 2.90 
QEW455H 455KHz t3KHz a t  €&3 , t9KHz a t  40dR 2.90 
SFB455D 455KHz 2.50 
SFD455D 455KHz +2Wz , 3dB bandwidth 4.5KHz +-lKHz 5.00 
SFE10.7MA 10.7MHz 280KHz t50KHz a t  3dB , 650KHz a t  20dB 2.50 
SFE10.7MS 10,7MHz 230KHz t50KHz a t  MB , 570KHz a t  20% 2.50 
SEG10.7MA 10.7MHz 10.00 

NIPPON LF-B4/CEW4551 455KHz t l X H z  2.90 
LF-B6/Crm455H 455XHz t l K H z  2.90 
IF-B8 455KHz 2.90 
LP-C18 455KHz 10.00 

1\3KIN CF455A/BE'U455K 455KHz t2KHz 5.00 
FWTSUSHIRA EFC-IA55K 455KHz 7.00 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * f f * * * * * * * * * * u * * f f * * * * * * * * * f f * * * f f * * f f * * f f * f f * * * *  

SPECTRA PHYSICS INC, Model 088 HeNe LASER TUBES 
P~JER OUTPUT 1 . 6 ~ ~ .  BEAM DIA. . 7 5 m  BEAM DIR. 2.7PIR 6KV STARTING VOLTAGE IX 
68K OHM 1FIA'IT BAWLAST lOOOVDC t100VDC A t  3.7MA $59.99 

ROTRON MUFFIN FANS Model MARK4/MUZAl - 
115 VAC 1 4 ' m ~ m  50/60CPS lMPEDENCE PROTECTED-F 86CFM a t  5 0 B S  $ 7.99 
~OSCFM a t  60CPS THESE A R E  NEW 

Toll Free Number "All parts may be new or 

gM elect roq~cs 800-528-0180 
surplus, and parls may be 
substituted with comparable parts 
if we are out of stock of an item." 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE (For Orders on'y) For information calk (602) 242-3037 

i 
More Details? CHECK-OFF Page 160 March 1985 5 147 
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Tell 'em you saw it in HAM RADIO! 

1 

r n E  1'K;Lx TypE RF TRANSISTORS - - PRICE TYl'E PRIRIM T(I'E PRILT. - - 
2N1561 $25.00 2N5920 $ 70.00 40608 RCA $ 2 . 4 8  BFY90 $ 1.50 
2N 1562 25.00 2N5921 80.00 40673 RCA 2 .50  BLW60C5 15.00 
2N1692 25.00 2N5922 10.00 40894 RCA 1 .OO BLX67 12.25 
2N2857 1.55 2N5923 25.00 60247 RCA 25.00 BLX67C3 12.25 
2N2857.lAN 4 .10  2N5941 23.00 61206 RCA 100.00 BLX93C3 22.21 
2N2857JANTX 4.50 2N5942 40 .00  62800A RCA 60.00 BLY87A 7.50 
2N2876 13.50 2N5944 10.35 62803 RCA 100.00 BLY88C3 13.08 
2N2947 18.35 2N5945 10.00 430414/3990RCA 50.00 BLY89C 13.00 
2N2948 13.00 2N5946 12.00 3457159 RCA 20.00 BLY90 45 .00  
2N2949 15.50 2N5947 9.20 3729685-2 RCA 75.00 BLY92 13.30 
LN3118 5.00 2N6080 6.00 3729701-2 RCA 50.00 BLY94C 45.00 
LN3119 4.00 2N6081 7.00 3753883 RCA 50.00 BLY351 10.00 
2N3114 1.15 2N6082 9.00 615467-902 25.00 BLY568CICF 30.00 
2N3287 4.90 2N6083 9 .50  615467-903 40.00 C2M70-28R 92.70 
2N3288 4.40 2N6084 12.00 2SC568 2.50 C25-28 57.00 
2N3309 4 .85  2N6094 11.00 2SC703 36.00 C4005 2.50 
2NJ375 17.10 2N6095 12.00 2SC756A 7.50 CD1659 20.00 
2N3478 2.13 2N6096 16. 10 2SC781 2 .80  CD1899 20.00 
2N355J 1 .55  2N6097 20.70 2SC1018 1 .00  CD1920 10.00 
ZN3553JAN 2.90 2N6105 21.00 2SC1042 24 .00  CD2188 l e . 0 0  
2N3h32 15.50 2N6136 21.85 2SC1070 2.50 CD2545 24 .00  
ZN3713 11.00 2Nbl66 40.24 2SC1216 2.50 CD2664A 16.00 
2N3818 5 .00  2N6267 142.00 2SC1239 2.50 CD3167 92 .70  
2N3866 1.  30 2N6304 1.50 2SC1251 24.00 CD3353 95.00 
2N7866JAN 2.20 2N6368 30.00 2SC1306 2 .90  CD3435 26.30 
ZN1866JANTX 1.80 2N6439 55. 7 1  2SC 1307 5.50 CD3900 152.95 
2N3866JANTXV 4.70 2N6459 18.00 2SC1424 7 - 8 0  CM25-12 20.00 
2N3866AJANTXV 5.30 2N6567 10 .06  2SCl600 5.00 CM40-12 27.90 
2N3924 3.35 2N6603 13.50 2SC1678 2 .00  CM40-28 56.90 
2N3926 16.10 2N6604 13.50 2SC1729 32.40 CME50-12 30.00 
2N3927 17 .25  2N6679 44 .00  2SC1760 1.50 CTC2001 42.00 
2N3948 1 .75  2N6680 80 .00  2SC1909 4.00 CTC2005 55.00 
2N3950 25.00 021-1 15.00 2SC1945 10.00 CTC3005 70.00 
2N3959 3.85 01-80703T4 65.00 2SC1946 40.00 CTC3460 20.00 
2N4012 11.00 35C05 15.00 2SC1947 10.00 DVLR20S 25.00 
2N4037 2.00 102-1 28.00 2SC1970 2 .50  DXL1003P70 22.00 
2N404 1 14.00 103-1 28 .00  2SC1974 4.00 DXL2001 P70 19.00 
2N4072 1.80 103-2 28.00 2SC2166 5.50 DXL2002P70 14.00 
2N4080 4.53 104P1 18.00 2SC2237 32.00 DXL3501APlOOF 47.00  
2N4127 21.00 163PI 10.00 2SC2695 47.00 EFJ4015 12.00 
2N44 16 2.25 181-3 15.00 A2X1698 POR EFJ4017 24.00 
2N4427 1.25 210-2 10.00 A3-12 14.45 EFJ4021 24.00 
2N4428 1.85 269-1 18.00 A50-12 24.00 EFJ4026 35.00 
2N4430 11.80 281-1 15.00 A209 10.00 EN15745 20.00 
2N4927 3 .90  282-1 30.00 A283 6.00 FJ9540 16.00 
2N49 5 7 3.45 482 7.50 A2838 6.00 FSX52WF 58.00 
2N4959 2.30 564-1 25.00 A1610 19.00 G65739 25.00 
2N5016 18.40 698-3 15.00 AF102 2.50 G65386 25.00 
2N5026 15.00 703-1 15.00 Am12 2.50 GM0290A 2.50 
2N5070 18.00 704 4.00 AR7115 20.00 HEF76 4.95 
2N5090 13.80 709-2 11 .00  AT41435-5 6.35 HEPS3002 11.40 
2N5108 3.45 711 4.00 B2-8Z 10.70 HEPS3003 30.00 
2N5109 1.70 733-2 15.00 B3-12 10.85 HEPS3005 10.00 
2N5160 3.45 798-2 25.00 B12-12 1 5 - 7 0  HEPS3006 19 .90  
2N5177 21.62 3421 28.00 BAL0204125 152.95 HEPS300I 25.00 
2N5179 1.04 3683P1 15.00 BF25-35 56.25 HEPS3010 11.34 
2N5216 56.00 3992 25.00 B40-12 19.25 HE3003 10.00 
2N5470 7 5 - 0 0  4164Pl 15.00 B70- 12 55.00 HFET2204 112.00 
2N5583 3.45 4243P1 28.00 BF272A 2.50 HP35821 38.00 
2N5589 9.77 4340P3 18.00 BF()85 2.50 HP35826B 32.00 
2N5590 10.92 4387P1 27.50 BFR2 1 2 .50  HP35826E 32.00 
2N5591 13.80 7104-1 28.00 BFR90 1 . O O  HP35831E 30.00 
2N5596 99.00 7249-2 10.50 BFR9 1 1.65 HP35832E 50.00 
2N5636 12.00 7283-1 37.50 BFRY 9 2.50 HP35833E 50. 00  
2N5637 15.50 7536-1 30.00 BFT12 2.50 HP35859E 75.00 
ZN5641 12.42 7794-1 10.50 BFW l6A 2.50 HP35866E 44.00 
2N5642 14.03 7795 15.00 BFW17 2.50 tlXTR2101 44.00 
2N5643 25.50 7795-1 15 .00  BFW92 1.50 HXTR3101 7.00 
2N5645 13.80 7796-1 24.00 BFX44 2.50 HXTR5101 31.00 
2N5646 20.70 7797-1 36.00 BFX48 2.50 HXTR6104 68.00 
2N5651 11.05 40081RCA 5.00  BFX65 2.50 HXTR6105 31.00 
2N5691 18.00 40279 RCA 10.00 BFX84 2.50 HXTR6106 33.00 
2N5764 27.00 40280 RCA 4.62 BFX8 5 2.50 5310 1 .OO 
2N5836 3 . 4 5  40281 RCA 10.00 BFX86 2.50 302000 10.00 
2N5842 8 .45  40282 RCA 20.00 BFX89 1 .oo 502001 25.00 
2N5847 19.90 40290 RCA 2.80 RFY 11 2.50 504045 24.00 
2N5849 20.00 40292 RCA 13.05 BFY 18 2.50 KD5522 25.00 
2N5913 3.25 40294 RCA 2.50 BFY19 2.50 KJ5522 25.00 
2N5916 36.00 40341 RCA 21.00 BFY39 2.50 MllO6 13.75 

7011 Free Number ..A,,  parts may be new or PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus,  and par ts  may be 
substituted with comparable parts 

(For Orders only) 11 we are out of stock of an ~tem." 

For information call: (602) 242-3037 



4 
RF TRANSISTORS (CONTINUED) 

M1107 $16.75 MRF458 $20.70 NE02160ER $100.00 SD1009 $15.00 
M1131 5.15 MRF464 25.30 NE021350 5.30 SD1009-2 15.00 
M1132 7.25 MRF466 18.97 NE13783 61.00 SD1012 10.00 
MI134 13.40 MRF472 1.50 NE21889 43.00 SD1012-3 10.00 
M9116 29.10 MRF475 3.10 NE57835 5.70 SD1012-5 10.00 
M9579 6.00 MRF476 3.16 NE64360ER-A 100.00 SD1013 10.00 
M9580 7.95 MRF477 20.00 NE64480 (B) 94.00 SDL013-3 10.00 
M9587 7.00 MRF479 8.05 NE7 1436 2.50 SD1013-7 10.00 
M9588 5.20 MRF492 23.00 NE77362ER 100.00 SD1016 15.00 
M9622 5.95 MRF502 1.04 NE98260ER 100.00 SDlD16-5 15.00 
M9623 7.95 MRF503 6.00 PRT8637 25.00 SDl018-4 13.00 
M9624 9 -95  MRF504 7.00 PT3127A 5.00 SD1018-6 13.00 
M9625 15.95 MRF509 5.00 PT3127B 5.00 SD1018-7 13.00 
M9630 14.00 MRF5ll 10.69 PT3127C 20.00 SD1018-15 13.00 
H9740 27.90 MRF515 2.00 PT3127D 20.00 SD1020-5 10.00 
M974 1 27.90 ,MIIF517 2.00 PT3127E 20.00 SD1028 15.00 
M9755 16.00 MRF525 3.45 PT3190 20.00 SD1030 12.00 
M9780 5.50 MRF559 1.76 PT3194 20.00 S1)1030-2 12.00 
M9827 11.00 MRF587 11.00 PT3195 20.00 SD1040 5.00 
M9848 35.00 MRF605 20.00 PT3537 7.80 SD1040-2 20.00 
M9850 13.50 MRF618 25.00 PT4166E 20.00 SD1040-4 10.00 
M985 1 20.00 MRF626 12.00 PTb176D 25.00 SD1040-6 5.00 
M9860 8.25 MRF628 8.65 PT4186B 5.00 SD1043 12.00 
M9887 2.80 MRF629 3.45 PT4209 25.00 SD1043-1 10.00 
M9908 6.95 MRF641 25.30 PT4209C/5645 25.00 SD1045 3.75 
M9965 12.00 MRF644 27.60 PT4556 24.60 S1)1049-1 2.00 
MM1500 25.00 MRF646 29.90 PT4570 7.50 SD1053 4.00 
MM1 550 10.00 MRF648 33.35 PT4577 20.00 SD1057 10.00 
MM1552 50.00 MRF816 15.00 PT4590 5.00 SD1065 4.75 
MM1553 50.00 MRF823 20.00 PT4612 20.00 SU1068 15.00 
KM1607 8.45 MRF846 44.85 PT4628 20.00 SD1074-2 18.00 
MM1614 10.00 MRF892 35.50 PT4640 20.00 SD1074-4 28.00 
KM1810 15.00 MRF894 46.00 PT4642 20.00 SD1074-5 28.00 
MM1810 15.00 MRF901 3 Lead 1.00 PT5632 4.70 SD1076 18.50 
MM1943 1.80 MRF901 4 Lead 2.00 PT5749 25.00 SD1077 4.00 
MN2608 5.00 MRF902/2N6603JAN 15.00 PT6612 25.00 SD1077-4 4.00 
MM3375A 17.10 MRF902B 18.40 PT6619 20.00 SD1077-6 4.00 
MN4429 10.00 MRF904 2.30 PTb708 25.00 SD1078-6 24.00 
MM8000 1.15 MRF905 2.55 PT6709 25.00 SD1080-7 7.50 
MN8006 2.30 MRF911 2.50 PT6720 25.00 SD1080-8 6.00 
MM8011 25-00 MRF965 2.55 PTR510 15.00 SD1080-9 3.00 
MPSU31 1.01 MRF966 3.55 PT8524 25.00 SD1084 8.00 
MRA2023-1.5 42.50 MRFIOOOMA 32.77 PT8609 25.00 SD1087 15.00 
MRF 134 10.50 MRF1004M 31.05 PT8633 25.00 SD1088 22.00 
MRF136 16.00 MRF2001 41.74 PT8639 25.00 SD1088-8 22.00 
NRF171 35.00 MRF2005 34.97 PT8659 25.00 SD1089-5 15.00 
MRF208 11.50 MRF5176 24.00 PT8679 25.00 SD1090 15.00 
MRFZ 12 16.10 MRF8004 2.10 PT8708 20.00 SD1094 15.00 
MRF22 1 10.00 MSC1720-12 225.00 PT8709 20.00 SU1095 15.00 
MRF223 13.00 MSC1821-3 125.00 PT8727 29-00 SD1098-1 30.00 
MRF224 13.50 MSC1821-10 225.00 PT8731 25.00 SDllOO 5.00 
MRF227 1.45 MSC2001 30.00 PT8742 19.10 SD1109 18.00 
MRF2 30 2.00 MSC2010 93.00 PT8787 25.00 SDl115-2 7.50 
MRF231 10.00 MSC2223-LO 245.00 PT8828 25.00 SD1115-3 7.50 
MRF232 11.07 MSC2302 POR PT9700 25.00 Sl)I115-7 2.10 
MKF237 J.15 MSC3000 35.00 PT9702 25.00 SD1116 5.00 
MRF238 1 3.80 MSC3001 38.00 PT9783 16.50 SD1118 22.00 
MRFZ39 17.25 MSL72002 POR PTY784 32.70 S1)1119 5.00 
MRF245 35.65 MSC73001 POR PT9790 56.00 SD1124 50.00 
MRF247 3 1.00 MSC80064 35.00 PTJ1083 20.00 SD1132-1 15.00 
MRF304 36.00 MSC80091 10.00 PT31962 20.00 SD1132-4 12.00 
MRF306 50.00 MSC80099 3.00 PIX6680 20.00 SD1133 9.50 
MRF313 11.15 MSC80593 POR RE3754 25.00 SDI 133-1 10.00 
MRF314 29.21 MSC80758 POR RE3789 25.00 SD1134-1 2.50 
MRF315 28.86 MSC82001 33.00 RF35 16.00 SD1134-4 12.00 
MRF316 55.43 MSC82014 33.00 RF85 17.50 S~1134-17 12.00 
~ ~ ~ 3 1 7  63.94 MSC82020M 130.00 RF110 21.00 SD1135 10.25 
MRF412 18.00 HSC82030 33.00 S50-12 23.80 SD1135-3 12.00 
MRF420 20.12 MSC83001 40.00 S 3006 15.00 SD1136 12.50 
MRF421 25.00 MSC83003 82.00 S 3007 10.00 SD1136-2 12.50 
MRF422 J8.00 MSC83005 70.00 S3031 22.00 SDI 143-1 10.00 
MRF427 17.25 MSC83026 POR SCA3522 5.00 SD1143-3 17.00 
MRF428 63.00 MSC83303 POR SCA3523 5.00 SD1144 4.00 
MRF433 12.07 MSC84900 60.00 SD345 5.00 SD1145-5 15.30 
MRF449/A 12.65 MT4150 14.40 SD445 5.00 SD1146 15.00 
MRF4501A 14.37 YT5126 25.00 SD1004 15.00 SD1147 15.00 
KRF452/A 17.00 MT5596(2N) 99.00 SD1007 15.00 St11188 10.00 
MRF453/A 18.40 MT5768(2N) 95.00 SD1007-2 15.00 SD1189 24.00 
MRF454/A 20.12 MT8762 25.00 SD1007-4 15.00 ~ 0 1 2 0 0  1.50 
MRF455fA 16.00 NE02136 2.00 SO1007-5 15.00 SD1201-2 15.00 

Toll Number .>AII parts may be new or 

800-528-01 80 
surplus, and parts may be 
substituted w~th  comparable parts 

(F~,, orden only) if we are out of stock of an !tern." 

gMGY_z electroqcs 
For information call: (602) 242-3037 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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t 4 
E.F. JOHNSON ROLLER INDUCTORS C 

NI -CAD BATTERY CHARGERS 
C 
C 
4 
C 
C 
4 
C 
C 
C 
C 
C 
C 
C 
C 
C * 

m 
C I 
C 
C * 
4 

MOOLL 229-0201-01 MODEL 224-0202-01 4 

~OUH a t  3AMPS MAX. $36.99 l8UH a t  5AMPS MAX. $44.99 :: UNIVERSAL CHARGER .................................................... $19.99 

UNELCO,SEMCO,ARCO METAL CLAD MICA CAPAClTORS 

Standard S ize  Micro  S ize 
3.9 14 33 62 175 5 2 5 

4.7 5 18 15 34 36 38 80 68 7 5 200 220 180 8 6 7 27 33 36 qk@~\  , ,$,-,I< ,!>.. .; <.;.: !;:.? --.-- , . . .,J :, 
5.1 20 F-. 2:; :  >>y. <;~.:,. v ' .  

22 39 82 240 9 5 1 
..?..'. , 

6.8 c: , A . , L , ,  ,- - 
7 24 40 100 250 12 62 --? , 8 ' / -  +.; '>-\ 

.. : i! 
8.2 25 4 3 110 300 15 -. a 

..-. - .  . . 
9.1 27 44 120 360 16 

123 470 
" , 

1 ., 
10 27.5 47 18 
11 28 50 125 500 20 
12 30 5 1 140 82 0 22 
13 32 56 150 1000 24 

********NOTE ALL VALUES LISTED I N  PIC0 FARAD******** MALLORY CHARGER $23.99 
PRl CE INFORMATION 
1 t o  10 $ .90ea. 11 t o  51  $.80ea. 52 t o  102 $.70ea. 
103 and up c a l l  

................................................... a- 
GOULO NI-CAD BATTERIES 

AA D s i z e  s i z e  1 . 2 5 ~  1 . 2 5 ~  a t  a t  4 500mahr AMPHR new new a h $ 7.49 1.99 e?=j ?,/ yk, 
GENERAL ELECTRIC NI-CAD BATTERIES 

AA s i z e  1 . 2 5 ~  a t  500mahr new a 2.99 1 +?Sb, 
f 

195194 3 . 7 5 ~  a t  lOOmahr new 1.99 .. : 
AA s i z e  3 . 7 5 ~  a t  lOOmahr new a 2.99 
AA s i z e  pack of  10 1 2 . 5 ~  
a t  450mahr used a 5.99 
Sub C Pack o f  10 1 2 . 5 ~  
a t  2.5Amphr new c 9.99 EVEREADY CHARGER $9.99 

b 
UNION. CARBIDE NI-CAD BATTERIES 

193817 3 . 7 5 ~  a t  225mahr new a 2.99 

GLOBE GEL-CELL BATTERIES .%-' 

2v a t  8AMPHR GC280 new g 5.99 ' .'.:? 
12v a t  ZOAMPHR GC12200 new 49.99 
12v a t  23AMPHR GC12300 new 4 54.99 .,I 

./' 
EAGLE PICHER GEL-CELL BATTERIES 

12v a t  1.5AMPHR CFlZV1.5 new d 11.99 
. .T' . 

, 4 
GATES SEALEO RECHARGEABLE LEAD ACID BATTERIES AND PACKS 

. . 
. . :. 

2v a t  2.5AMPHR 0 C e l l  new b 5.99 -7 
8v a t  5AMPHR 4 X C e l l  used f 14.99 ,:i 

12v a t  2.5AMPHR 6 D C e l l s  new f 24.99 
-... l 

18v a t  2.5AMPHR 9 D C e l l s  new f 29.99 , ,;$ 
GENERAL ELECTRIC SEALEO REACHARABLE LEAD ACID BATTERIES AND PACKS 

6v a t  2.5AMPHR 3 0 C e l l s  used e 10.00 .+ 
12v a t  2.5AMPHR 6 D C e l l s  used e 19.99 . . 

-._--.-. 

' b # 

12v a t  5AMPHR 6 X C e l l s  used e 24.99 
............................................................................................. 

Toll Free Number . A I I  parts may be new or 

800-528-01 80 surplus and par ls  may be  
subslttuled wllh comparable parls 

orders only) 'I we a" 0"' 0' """k 0"'" """7 

electroqcs 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

r 
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RF Transistors (continued) I 

.. -. . 
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Relays 
HNC T o  Hnnonra P l u g  C o a x  C s h l e  RC-58 36 inch or HNC t o  N C o a x  C a b l e  RG-58 36 i n c h .  

$7.99 o r  2 For $ 1 3 . 9 9  o r  10 For $ 5 0 . 0 0  

-, A m p h e n o l  

I P a r t  d 3 1 6 - 1 0 1 0 2 - 8  

-2- , I 1 5 ~ a c  l ' y p e  BNC DC to 3 [:ttr. - 
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F o r  $15.99 or 10 F o r  $ 6 0 . 0 0  

COAXIAL RKI.AY SWITC~IES spur  

FXR FXR 

P a r t  1 3 0 0 - I l l 8 2  I';jr t 11 300-  1 1 17  1 
1 2 0 V a r  Typr, RN(: I)C t o  4 CHz. 1?0\1:1r Tvpr  HNC Same 

FSN 5 9 8 5 - 5 4 3 - 1 2 2 5  I 3 N  5YR5-54J - IR50  

TERMS O Q I E S ~  RW. C O O  I cmv M 
FO-KIN P,.vld mh. U S  F-. Yonn -. IWM.1- W 

LO.D: -.M 4 l . - m ~  P.-, I- .III D 4 -. - -. I-W, c-k w n n  - W S T M ~  ~ l n l m ~ m  s h t m  and kndl lcq  IMUS.. camad., and M~XICOIS u.m to1 w n d  ship 
M rum r w  FMI c n .  tor c 00.. c o D'. W. ylcw w .a, mh mru unea~.rr.t ~ m c .  menla. all o tmcount r ta  13% m. N r  ra taa rsava l lmaa~  t w  l m s o l w u r  order AII toretpnwdaa 

lncluda 2 5 1  01 lhs ordered amount lor shrppnng and handlw COO 3 are I ~ ~ P W  AIR 

,=?or. m.,m I* r m v a  wn. PREPAID ORDERS: h h  must be .ccmp.nlm by a CMck  

E W D ~  CUD. W* am ml -in. YLSERCA~~.YIY LNDAYBIUN nm9B PRICES: Prim mres~blecl10~hmn0. wltMvl nollce 
~ 1 r ~ w . m  m n r m r ~ t a ~ ~ m . o a m d . . * - r i a . w m m * m m I r a  

; ; : 3 ' ; 2 : ; ~ ~ ; , : t ~ ; g p d = ' ~ ~ Y : ~ " , ~ Z ' ~ 4 ~ , ; ~ ~ $ ~ d ' : ~ ~  $:"Do.Y.z RESTOCK CHAROES: II pans are ratumsd to MHZ ELECTRONICS INC due to cvs~oma  snw IM 

mna %: .., ?#:!~,,%;,"!I:~Z;","~,; nn,al.rs cn.,p lnl l l ln 

:;:?:::,:.;,z~::m":,%-T&~Lt?I", %. y;:",~::; E :,"I".;:~c~MR;~P;:~:?%T;:~$P~z&~$; :i;nR:~~y$ 
our ~nrolce. return aulhortrsllon nummr which must be ~ l a # n e d  rlor to snlpplng Inn msrchandlss 

DSLNTRY oraI. .,. u.u.~#, .n,w.d 
-, blnud.y, vnrur .,,M d .tehonM back Roturns must be dons wilhln 10 DAYS 01 recslpl of parcel geturn au!hor#z.lnon numbers can 

#tan b c u a l n  rill n rofllld w gal ~ l d  i l  r .n W"0 IO b.rl- OW Ilm OU rol-1 UII 7wrmWI. U A  a US be obfalned by calling (802) 1428916 or nofllylnp un by prf card Rnlurn sulhor4ZallOns will "01 ba 

::;ngyz;8Ta", 2n".",2 ,7;noz T-V ~ q ~ a - t  m ~NGW mh w a11 am 1s ?-a! cn"=r. vnl- w* oIven on our sm number 

.OI.,OY O R O . ~ ~  A,, I.",." mu, D .<oh w s  -,.I -Om- M  US NND~OHLI  SALES T A X  ARIZONA tasldml8 mull .W 6% -la lax, unlsss a a1 ned ARIZONA resale I*% card 
W* ti", C O D  m, .".,,.,,*to ,&*"I.-,,," rn mvt.n o( = n n t  .---as a tormoo v- ~ w t 4  11 currenlly on twe with us All waers placed by persona outwas 01 BRIZONA. but *t iwed 10 per- 
# n l ~ , n a l # r n  1r.rs<t.t4e(n<w~-I sons In ARIZONA are nublscl lo  Ihe 6% sales la8 

HOURS ~ ~ ~ ! 6 r ~ ~ n d . ~ 8 1 0 . n  ~ o ~ m r n  8 n t d w ? . ~ ~ -  1 0 4 m ~ m  SHORTAOE OR OAYAOE: AII ~ l ~ l m l  lor s h ~ a ~  or d~d.m.psa muel ba mads wllhln 5 DAYS 01 
IWSURUCL P U . ~ , ~ , ~ * T J  ~ . ~ ~ ~ t - ~ s ~ m m ~ l ~ m m . w s o w ~ ~  ~~nam-p(t-.n.~w.dt*suUPJ ~(KBIPI 01 parcel Clatm. must Include a cow of our lnvolcs. along wllh a return *ulhwl2atlon 
 on^, II you n.n to  bar I) .hlppl m- tw PO., o(<am *- I. s m  I--" I. msbt to !w 161WW. h.*114 .,*'n can be ~btatned by contacttnp us e1 m0.q 242a916 or amain a w r t  card Aulmrirs- 
swame tlonr cannot be on our 8W numbar AII ltsmr musl be proprly paclad lf llsmr are nal prwerly 

OPI*  .cCWmw<.an rnW,..doraluumnuranl. psckea make sure to contact the carrier ao lhal l hw  can coma out and mspact Ins packape m l a e  
i t  is r ~ l ~ r n ~ d  1 0 ~ ~  C Y S I O ~ ~ ~ S  wnlcn domt  notlly us wllhln this tlme mmd *#I1 ba held rsawnaibla 

o l ~ l l  rcmus ~r I* I- u. mm!- n l n  uLn - 11 nu camu M l i o r u l  om 3- .n .nlw a lor tho enme order ao we r i l l  conrldsr the order commetr 
1*"1 

PARTS: We lna rlghl 10 ~ ~ b a t l l u t e  a replac. any Item wllh wfl 01 mu.1 OI m p . r * b l e  ~ ~ ~ ~ O ; ~ ~ ~ ~ ~ ~ L S & R ; F ; & ; ~ ~ F & R p E R S  ONLY laYI15280180 ~NFORMA~ON CALLS ARE 

9~11c.tlon. 
I I 

I U--I For information call: (602) 242.3037 I 
I I 

" A l l  p a r t s  m a y  b e  TI-w o r  v SU~PIUS,  and p a r t s  m a y  b e  Toll Free Numbor 
elec troqcs S U ~ S ~ I ~ U ~ ~ ~  w4 th  comparable parts 

11 we are ou l  ol stock o f  an Item '. 
800.528-0180 

2111 W. CAMELBACK ROAD (For orders only) 
PHOENIX. ARIZONA 85015 I PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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TEL-COM, INC. 
675 GREAT ROAD, RTE. I 19 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-3 1 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

NEW YORK 
ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY, NY 12205 
51 8-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
51 2 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

California 
C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421 -2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

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 & ADVANCED 
COMMUNICATIONS 
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. 
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 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1 91 7 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
31 2-631 -51 81 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 

Indiana 
THE HAM STATION 
808 NORTH MAIN STREET 
EVANSVILLE, IN 4771 0 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Massachusetts 
James Millen Components by 
ANTENNAS ETC. 
16 HANSOM ROAD 
ANDOVER, MA 01810 
61 7-475-7831 
Bezels, bindng posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 
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Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH (CLEVELAND AREA) 

44092 
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 

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 Locatlon for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird. Cushcraft. Beckman. 
Larsen. Hustler. Aslron. Belden, 
Antenna Specialists, W2AUNVPVS. 
AEA. BBW. Amvhenol. Saxton. J.W. 
MillerlDaiwa, ~~broplex.  

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar, Microwave Modules, ARCOS. 
Aslron. KLM. Tama. Tonna-F9FT. 
UHF UnitsIParabolic. Santec. Tokyo 
Hy-Power. Dentron. Mirage. 
Amphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON. TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. .-. 

MILWAUKEE. WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558041 1 
M-F 9-5:30 
Sat 9-3 

RTW. BIT lNVER8lM (IITTV1. ASCII. AMTOR [MWE A (ARm MODE B IFEC AND I rtlrsr MooE 4 rw. SPEEDANY unn *y u o  uuoov 1 

11m rw- powa d ~n &m is ~~mr(ld m~y by Mc inuginltlm d the u w  ad ti 
prrpnrn d lha eompub. 
U# WM Any ~cnpULw Ih 

Everything Buirtln ~g Else 1 
m#..,,,.- 

b Buy! 
'SPEEDS CW I l O O  WPM AU'lulmcn IL-MIUHUU IHDLII ANUOHUUUI . ILWUAUU I I L. AND RS232 

OR ITL LEVEL DATA CON~CTION - I&WOO BAUD ASCII, OR 4 5 5 d  BAUD ~ ~ A U D O  SELCAL 
MEMORY 15 CHANNELS .768 CHARACTER INPUT B U F ~ R  AUTO PTT - CW ID DIDDLE .?C)CHO . AUTO 
CRILF RUBOUT CW PRACTICEGENERATOR VARIABLE CW WEIGHTS TEST MESSAGE (RY ANOOBR 

FULL CAT FUNCTION DISPLAY MARK. AND -BREAK (SPACE. AND - BREAK SYSTEM . XTAL AFSK 
AUDIO MONITOR POWER SUPPLY REOUIREMENTS 13 8 V OC. 700MA . SIZE 9$ x 100 x 2'H I AMATEUR-WHOLESALE ELECTRONICS TOLL FRE€JW42731@ 1 

8817 S W 129th l r r a c e .  M~arn~ Florida 33176 Telephone 1.W) 2353631 Telex 802336 

f RECEIVER GUARD 20001 
I TOTAL PROTECTION AGAINST RF BURN OUT OF SOLID STATE FRONT ENDS I 

lnstalls easlly between the antenna and receiver input. When RF voltage to the receiver line 
exceeds 1 volt, the unit activates by shunting the over voltage to ground and increasing the 
resistance in the receiver line. If over voltage exceeds deslgn parameters, an internal fuse lamp 
opens (easy to replace). Perfect for contest stations, field day operations, areas saturated with 

broadcast services and those who use separate transmit and recelve 
nnas. Less than .3 dB insertion loss between 1.8 and 30 MHz. 

3 Models available 
329.95 
$29.95 f l  115 

5 CTT 1~8th SO 239 and Alpha Della 
T I ~ I I P I I ~ B ~  101 RF ant1 Trallrkenl 

UHFCONNECTORS p~ntcc~~on)  549.95 DEB) pJJJ ~ ~ 

l'inv. ,a111 i: lrl, .IIIIS(I,II-; t . i ~  II,III~I:#IIII 11 :, unlv lorplpn ur0r.r'. l f ln  Grovepoll DL- =-m w 

(: .An ,,11,,~ tI1 ii,.c,ll I ,*!  . I , , . :  tt.,11..1t.,v~r~. "0th 11,11101 I~I,YI~I~~I~I~II'. 4925 S. HAMILTON RD 
0ESK)N ELEtTRONlCB OHIO GROVEPORT. OHIO 43125 

F ~ l s  lns lde most  HF-SSB t ransce~vers  

Requlres human vo lce  to actlvate. 

Ignores  static, nolse and het rodynes  

Onlof f  switch only-no adjustments!  
Connec ts  t o  audio leads and 911 2 VDC. 
Fully assembled and tested $99.95. 
Comp le te  w l th  comprehens ive  manua l .  

Used worldw~de in commerc ia l  and military 
transceivers. 

fl 125 I E M ~  COMMUNlCA~ l~NL ,  5479 Jetport. Tampa PL 33614 (813) 885-3906 I 
. - 

3 '  SAY YOUSAW ITIN I 
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Compd 
~ u t  Ty, 

lnterna 
-.. - A , -  

Dower out- 
I pica1 frequency coverage 10.235 10.295 GHz For, uurrvA Operation 

11 Gunnplexer for portable operation Gunnplexer removable for tower 
rnounrrng in fixed location service - three shielded cables required for intercon. 
nection Powered by 13 volts dc nommal at 250 mA 30 MHz i-f lOturn 
potentiometer controlled VCO tunin 220 kHz ceramic Cf filter Extra diode 
switched filterposition for optional fiter Dualpokrity afc Rug ed twetone 
grey enclosure Full one year warranty $389.95 with 10 m$Gunnplexer 

$269.95 without Gunnplexer 

fidvanced 
Receiver 

PostpM for U.S. and C a m .  Cr ResMeaia 
add 7.% X sales tax. C.O.D. order8 add 82.00. 

1 to forelon countrfes add 10% AIr mar 

. - - - - - - . 

July 27 thru Aug. 9, 1985 
0 1 1 r  26111 wur 

TAKE A VACATION WITH 
A PURPOSE THIS YEAR 

Join student\ I'rom around the world at 
OAK HI1.L. ACADEMY 

AMATEUR RADIO SESSION 

Instruclors CERTII.'IEI) VE's 
Over 25 year5of succesful teachingexperience 
means upgrading is as easy as 1-2-3. 
Your vacation is spent in the beautiful Blue 
Ridge Mountains of  Virginia with expert in- 
slrucrorsin friendly surroundingsand withex- 
cellent accommodations. 
Oak Hillalso hasa ham labset up foralltouse. 
Courses offered are: 

Novice l o  General 
General or Tech to Advanced 
Advanced l o  Extra 

Learn -don 'rjusr rnemor~zr rhe an.ywers to 
rlte e.vam que.~rion.v. 

I C L. PETERS. K4DNJ. Dlrector 
I Oak Hill Academy Amateur Rad~o Seoston ! a,." A? , ..-" -., 
! Mouth 01 Wilson. VA 24363 
I Name Call -- .- . . - - 
I 
I Address- -.- - 

I C~tylSlalelZ~p 

I ARRL 
I TECH-GENERAL 1 I LICENSE MANUAL 11 

For VEC exams given 

after April 1.1985 

Written in an easy to read and 
understand style, this is the guide 
you need for your TechlGeneral 
studying. FCC questions with com- 
plete answers (01985. 1st edition. 
LIAR-TG Softbound $5.00 
Please add $2.50 lor shipp~ng and handling 

ham - radro,.- BOOKSrORE 
Greenville, N H  03048 
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AZOTIC INDUSTRIES 
2026 W. BELMONT 
CHICAGO. IL 60618 

31 2-975-1290 

ELECTRONIC COMPONENTS 6 SUPPLIES 
RF CONNECTORS IDC CONNECTORS 

IIG CONNECTORS . D.SIJBM1NIATURE 
AlJD10 CONNECTORS . TEST EQUIP 

LINEAR IC S TRANSISTORS 

DIGITAL ICS . DIODES 

TRANSFORMERS TRIM CAPS 
METERS RELAYS . COMPllTER CABLES . SWllCHES . DISKETTES • TOOLS 

WRITE FOR FREE CATALOG 
VISIT OUR RETAIL STORE 

HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

312-975-1290 ,,o 

onrrolled Oscillator 

t e r r n ~ n a t e d  M ~ c r o w a v e  
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WANTED: Old Crosley Radio Model 50, 51. 52, 8 "Pup". 
K4NBN "No Bad News". 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal 
index. P.O. Box RY, Cardiff. CA 92007. 

FERRITE experimenters kit. 25 piece assortment of ferrite pot 
cores and bobbins of varlous sizes with spec sheets $5. Power 
supply klt, dellvers 12V at 3A All pans necessary (less case) 
includes trdnslormer, d~odes, heat slnk pass tranststor, etc Coming Events 

ACTIVITIES 
"Places to go ..." 

with schematic and instructions, $8. ~ektronix dual trace 
plugin Model CA $40. All postpaid. David Roscoe, WIDWZ, 
49 Cedar Slreet, East Bridgewater, MA 02333. (617) 3763619. 

FALCON amps at low prlces. NCN Electronics. (201) 
731-9506. -- 
TENNATEST - Antenna noise bridge - out-performs others, 
accurate, costs less, satisfaction guaranteed, $41 .00. Send 
stamp for details WBUUR. 1025 Wildwood Road, Quincy. MI 
49082. 

NEW VLF CONVERTER by K1 AGO covers 2 kHz to 500 kHz. 

p~ - p~ -~ 

RATES Noncommercial ads 1 OQ per word; 
commercial ads 60Q per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one f ree  Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all cap i ta ls )  and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible for  claims made. Liability 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. 

OHIO: Dayton Hamvention, April 26, 27,28, Hara Arena and 
Exhibition Center. Davton. Admission $8 advance. $10 at door. . , 
Good for all~three days. Banquet $14 advance. $;6 at door. 
Flea market space $17 in advance for all three days. 
Technical. ARRL and FCC forums. New products and exhibits. 
Special group meetings. YL forum. International VHFIUHF 
conference. Amateur of the Year Award Speclal ach~evement 
awards. Pre-reglstratlon starts January 1, 1965. For further 
tnformation; Dayton Amateur Radlo Assoc~ation. Box 44, 
Dayton. OH 45401 or phone (513) 433-7720. 

AM broadcast relectlon > 100 dB at 1 MHz, 1-1 relectlon I30 
dB 3 5-4 0 MHz (L.1011801 or 4 0 4  5 MHz (L-tOt/7OI 1-1 tunlna 
available $49.00 cont. US. free bochure. LP 
Engineering Co.. 17 Jeffry Rd.. East Haven. CT 06512. -- 

NEW JERSEY: The Delaware Valky Radio Association's 13th 
annual Amateur Radio and computer equipment flea market. 
Sunday, March 17.6 AM to 4 PM. New Jersey National Guard 
112th Field Artillery Armory. Eggerts Crossing Road. Lawrence 
Township. Trenton. Advance regislratlon $2.50. $3.00 at the 
door, Indoor and outdoor flea market area, dealers, and 
refreshments. Sellers bring own tables. Talk In on 146.52 and 
146.07-.67 repeater. For tickets and space reservations: 
KB2ZY. Box 4418, RD#I. Stockton. NJ 08559 Please SASE. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
to G.L. Pierce, 5521 Blrkdale Way. San Diego, CA 92117 
SASE brings information 

FTdx570, clean. $300; PSISpkrlCabinet for Galaxy V MKIII. 
$35; Ameco TX86. no PS. $15. Want good Drake R4 (A. B 
or C). Bernard Pollock, 1330 SE Walnut, Hillsboro, OR 97123. 
(503) 648-1857. 

REPAIR, ALIGNMENT, calibration. Collins written estimates 
$25; non Collins $50. KIMAN (207) 495-2215. 

ATLAS 350XL owners group. Send QSL card with sin your 
rig. Know anyone who repairs them? Have any technical in- 
formation to share? Any questions? Rod, NSNM. Box 2169. 
Santa Fe. NM 87504. 

ILLINOIS: LAMARSFEST '85 sponsored by the Libertyville 
and Mundetein Amateur Radii Society. Sunday. March 31. 
Lake County Fairgrounds. Grayslake. Doors open 8 AM. Set 
up 6 AM. Advance admiss~on $2.00. $3.00 at the door. Indoor 
exhibits, code speed efficiency testing, free parking. Talk in 
on 146.94 simplex - 147.63-03 Waukegan Repeater. For in- 
formation and reservations: LAMARS, Box 751. L~bertyvitle, 
IL 60048. CHASSIS and cabinet kits. SASE K31WK. 

SCHEMATICS: Radio receivers 1920160's. Send name brand. 
model. SASE, Scaramella, P.O. Box 1, Woonsocket, RI 

ILLINOIS: The Sterling-Rockfalls Amateur Radio Soclety's 
Silver Anniversary Hamfest. March 10. Sterllng High School 
Fieldhouse. 1608 4th Avenue, Sterling. Commercial dtstribu- 
tors, dealers, free parking and a large flea market. Space for 
self-contained RV's overn~ght Advance tlckets $2.00. At door 
$3.00. Tables requiring electricity and all commerc~al tables 
$5.00. Others $3.00. For tlckets, tables or Intormation: Sue 
Peters, KA9GNR. PO Box 521. Sterllng. IL 61061 (815) 
625-9262. Talk in W9MEP 146.25185. 

YAESU 101E. Used 2 weeks. Just ltke new. Guaranteed 
perfect with spare tubes. First $500.00. WICPI. (401) 
789-1817. 

RADIO, Radar scope operators, plotters, radio radar 
maintenaflce men, cooks, truck drivers, offrers, enlisted men 
and others who are ex-members of the 574th. 565th S.A.W. 
Ens. The 3rd reunion will be held in Dayton, Ohio July 1985 
Meet some of your buddies there. For details write to Angel 
M. Zaragoza. W6ZPR. 1571 9th Street. San Bernardino. CA 
9241 1. 

- 
CX7 REPAIRS. 415-549-9210. 

NEED RF Design May. June, July, August, September. 
October 1984 intact. Joseph Hinkle, Route 1. Box 2647. Lopez, 
Washington 98261. - 
TRAVEL-PAK QSL KIT - Converts post cards, photos to 
QSLs. Stamp brings circular. Samco, Box 2 0 X ,  Wynantsklll. 
New York 12198. 

OHIO: The Lake County Amateur Radio Assoc~ation's seventh 
annual Lake County Harnfest and Computerfest. Sunday. 
March 31, Madlson High School, Madison. 8 AM to 4 PM. Ex- 
hibitors 5:30 AM. Adm~ssion $3.00 advance and $3.50 at the 
door. Table and display space $5.0016' table; $6.5018' table. 
Plenty of free parking and all display space is indoors. Talk 
in on 147.811.27. For informationlreservat~ons: SASE to Lake 
County Hamfest Committee, 713 W. Jackson. Painesville, 
Ohio 44077. (216) 952-9784. 

COLLECTOR needs Sig. Corps tubes with VT numbers. Tell 
me what you have and your price. SASE for my want list. Hart 
York. Box 365. Fontana. CA 92335. 

USED Heath Courses wanted by General class ham sludy- 
ing for Extra and eager to really learn electronics, not just 
memorize Q8A guide. Must be economical. Doris, KAORQB, 
325 N. 14th. Manhattan, KS 66502. (913) 539-7864. 

TRADE King Air KX-160 NavlCom, 360 channel corn 100 
channel Nav with KI-201 VOR indicator and KS-505 power 
supply - removed working. Want 2 meter gear or what have 
you? Tom Johnson (206) 675-8229. 

CUSTOM MADE embroidered patches. Any size, shape. 
colors. Five patch minimum. Free sample, prices and order- 
ing lntormation. Hein Specialties, Inc.. Dept. 301. 4202 N. 
Drake. Chicago, IL 60618. 

INDIANA: The lndiana Hamfest lformerlv the Martinsville 
HAM RADIO Magazine collection: Bound volumes 1972,1973. 
1974 and 1975. In HR binders 1976, 1977. 1978 and 1979. 
$120 for lot plus UPS shipping. US only. W4UCH, Box 1065, 
Chautauqua. New York 14722 (716) 753-S54. 

Hamtest) sponsored by the ~organ'county kepeater Assocla- 
tion will be held March 10 at the lndiana State Fairarounds 
~avi l l i inbui ld in~. Indianapolis. Admission $5.00 at tLe door. 
Premium table $40.00. Flea market table $8.00 Flea market 
space only $3.00. All tables by advance reservation only. 
Reserved table setup Saturday. March 9 from 3 to 9 PM. 
Space setup Sunday. March 10.6 to 8 AM. Free parking. Talk 
in on 145.25. For table reservation or information SASE before 
March 1 to Aileen Scales. KCSYA, 3142 Market Place. 
Bloomington, IN 47401. (812) 339-4446. 

PENNSYLVANIA: The third annual Southern Alleghenies 
Hamfest, sponsored by the Bedford, Altoona. Somerset. PA 
and Cumberland, MD Amateur Radio Clubs and Blue Knob 
Repeater Association. Sunday. April 14. 7 AM to 4 PM. 
Bedford County Fairgrounds. Admission $3.00. Tables $5.00 
each. Tailgating $2.00. Dealers' setup Saturday. April 13. Talk 
in on Bedford Repeaters 145.49189, 444.2 + 5 MHz and 
146.52 simplex. For information: Joel Cunard. KB3TR. RD 6. 
Box 104. Bedford. PA 15522. (814) 6239697. 

1.3 GHz PRE-SCALER KIT Upgrade counter read 10-1300 
MHz. Divide by 4 $24.95 postage paid MIC-VISA-COD. 
Guaranteed. Digital Instruments. 636H Sheridan Dr.. 
Tonawanda, NY 14150. Foreign Subscription Agents 

for Ham Radio Magazine 
Ham Radlo Auslrta Canada 
Katm Ueber SBnd orders lo 
Pmlfxh 2454 
D 7850 Loerrsch . 
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West Germany Rlces m Canadtan funds 
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WANTED: Old microphones, remote mixers other m i x  related 
items. All pre-1935. Box Paquene. 107 E. National Avenue. 
Milwaukee. WI 53204. 

1.3 OH2 FREQUENCY COUNTER-READS 1296 MHz. 
Freq-IOHz to 1.3 GHz. Sensitivity 10 MV. 1 GHz RF shielding 
metal case 8.4" digits. $249.95. MIC-VISACOD. Guaranteed. 
Digital Instruments. 636H Sheridan Dr.. Tonawanda. NY 
14150. 

CONSIDERING Arizona DXCC QTH? Wilson 61 tt. crankupltilt- 
over tower with rotating base fixture is at 3741 West St. John 
Road, Glendale. AZ 85308. Tower negotible with sale of this 
vew anractwe 6 year old home in a bener NW Phoenix 

MASSACHUSETTS: The Wellesley Amateur Radio Soclety's 
annual Spring Auction. Saturday, March 30. Wellesley Hills 
First Congregational Church, 207 Washington Street, 
Wellesley Hills. Check-in starts 10 AM. Auction 11 AM. Com- 
mission 15% with $1 minimum and $30 maximum. Food and 
drink available. No admission charge and plenty of free park- 
ing. Talk in on 147.63103. For information: Nels Anderson. 
KIJR, (617) 872-5259. 

neighbomood. your XYL will love the big country kitchen and 
sotit bedroom floor olan. Below market nrice at S79K. Send 
SASE or phone (602) 9382077 for details. Sorry, no collect 
calls. W2GOB. 

.- - 
ELECTRON TUBW: Receiving,transmining, microwave . . . 
all types available. Large stock. Next day delivery most cases. 
Daily Electronics. PO Box 5029. Compton. CA 90224. (213) 
774-1 255. 

ILLINOIS: Computer Central. Show and Swap. Sunday, March 
3, Rand Park Field House, 2025 Dempster, Des Plaines. In- 
formation (312) 940-7547. 
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CALIFORNIA: The Tri-County ARA in cooperation with the 
Greater Los Angeles AR Group will conduct Amaleur Radio 
exams in Pomona. Saturday. March 2. Pre-registration is re- 
quired by February 16, 1985. Send completed FCC form 610. 
a copy of Amateur Radio license and SASE to T.C A.R A . PO 
Box 142. Pomona. CA 91769 

ILLINOIS: The 19th annual Rock Rlver ARC Hamfest, 
Sunday. March 31. Lee County 4-H Center. Doors open 8 AM 
Advance ticket donation $2.00. $3.00 at gate 8' tables $5.00. 
Inside flea market space $3 00. Lunch will be served. Camp- 
ing space available at a nominal charge. Talk in on 146,37197 
and 444.7001449.700. For Ilckets, tables, space or informalion: 
Shirley Webb, KA9HGZ. 618 Orchard St., Dixon. IL 61021 
(815) 284-381 1 Advance tickets available unlll March 15 

-. - 

NEW JERSEY: The Split Rock Amateur Radlo Associat~on's 
annual Ham Auct~on. March 8, VFW Post 3401, Tabor Road. 
Rt 53. Morris Plalns. Doors open 7 AM. Auction slarts 8 AM 
Pknty of free parklng. For information. PO Box 3. Whippany, 
NJ 07981 or K2RF Repealer 146.3851146.985. 

OHIO: The Cincinnati OCWA Chapter 9's annual banquel In 
conjunction with the OOTC and the Dayton Hamvention. 
Friday. April 26,730 PM. Neils Heritage House. 2189 S. Dixie 
Drive. For reservation and tickets ($12.50 pp) contact: Bob 
Dingk. W r e a s . .  657 Dell Ridge Drtve. Daylon. Ohm 45429. 
(513) 299-71 14. 

NEW JERSEY: The Chestnut Ridge Radio Club's Ham Radio 
flea market. Saturday, March 30. Education Bullding. Saddle 
River Refotmed Church. East Saddle River Road and Welss 
Road, Upper Saddle River. Tables $10.00 for Ilrst. $5.00 each 
additional. No admission fee. For information: Jack Meagher, 
W2EHD. (201) 7688360 or Roger Soderman. KW2U (201) 
666-2430. 

NEW HAMPSHIRE: The lnterstate Repeater Society's annual 
Flea Market. Salurday, March 16. Lions Club. Lions Avenue, 
Hudson. Talk In on 146.25185 and 146.52 simplex. For table 
reservations: lnterstate Repeater Society, PO Box 693. Derry, 
NH 03038. Or call Dick. WB8YGR (603) 889-3479. 

-- 

NORTH DAKOTA: The Red River Valley and N D.S.U. ARC'S 
present "Hobbie Hi Tech 85", a Ham RadiolComputer show 
and swap meet. March 30. 8 to 5. Army National Guard 
Armory at Hector F d d  Fargo Resewed tables Commerc~al 
520 noncommerc~al - full 55 00 112 53 00 FCC exams bv 
pre.registration. Talk in on 16/76. For information: T& 
Gooding. WDOGUR, Event Chairman, 1006 Sheyenne Street. 
West Fargo. ND or call (701) 282-6630. 

MASSACHUSETTS: 19/79 ARA of Chelsea will hold its an- 
nual flea market. Sunday. March 24. 11 AM to 3 PM. Ryan 
Hall at lreson Building. 493 Western Avenue (Route 107) Lynn. 
Sellers setup 10 AM no admtsston charge. General admiss~on 
$1.00. Table $6.00 advance or $8.00 at the door. For table 
r ese rva t i  send checks lo 19/79 ARA. PO Box 171. Chelsea. 
MA 02150. 

19/79 ARA IS sponsoring all level FCC exams, Saturday. 
March 16, Ryan Hall, lreson Bullding, 493 Western Avenue 
(Route 107) Lynn, MA, 10 AM to 1 PM For General. Advanced 
and Extra send form 610 with check for $4.00 payable to 
ARRLNEC. 30 days prior to exam to Ralph Gandolfo. KAl E, 
18 Murdock Drive. Peabody. MA 01960. For Tech. same re- 
qulrements but send check and form 610 to Bob Kalust~an, 
WAIDVR. 36 Columbia Road, Arlington, MA 02174. Novlce 
there is no fee and walk-ins will be accepted but prefer prior 
reglslration. Send to Bob Kalust~an at above address. 

NEW JERSEY: The Shore Potnts ARC lnvltes everyone to 
Sprlngfest '85. Saturday. March 30. Atlantlc County 4-H 
Center. Egg Harbor Clty, about 15 mlles west of Atlant~c CNy. 
9 A M t o 2 P M  

OPERATING EVENTS 
"Things to do ..." 

MARCH 23-25: 0.A.R T.G. Spring RlTY Contest, 0200 GMT 
Saturday, March 23 to 0200 GMT Monday. March 25. Total 
conlesl period is 48 hours but no more than 30 hours of opera- 
t i n  is permitted. Bands: 3.5. 7.0. 14.0, 21.0 and 28 MHz. 
Messages will consist of Time GMT (must be full 4 figure 
group) RST and message number (must consist of 3 figure 
group and stall with 001 for 1st contact). Send contest or 
check log tw Peter Adams, G6UB. 464 Whippendell Road. 
Watford. Hells. England WD1 7PT. 

APRIL 13-14: The USS Becuna. a World War II Submarine. 
and the USS OlvmDia. Admiral Dewev's flaashiD, wlll be on 
the alr from 1306~ Saturday to 20002 Sunday For a beaut~lul 
certlflcate olease send buslness slre SASE to Olvmola Redlo 
Amateur club. PO Box 928. Philadelphia, PA i91'05 

I 

SATELLITE H A N D B O ~ K S  
J 

INTRODUCTION TO SATELLITE TV THE SATELLITE TV HANDBOOK 
by Chrls Bowlck, WD4C and by Anthony T. Easton 

Tim Kearney, NZ4Q Answers virtually any question you might have on 

Forty years ago, the most sophisticated plece of satellite TV. This new book glves you a complete 

electronics in the average home was an AM rad~o. overview of the satellite service, how satellites 

Today, many homes are set up with state-of-the- work, what programming is available, who oper- 

art receivers designed to pluck signals from ates the various satellites, networks and stations. 
satellites orbfting 23,000 miles in space. Instead of how to engineer and install a system, and the 

getting into a nuts and bolts approach to NRO, legal background of NRO. For the "homebrewer", 

this book gives you a broad overvlew of TVRO in there is a section on buildin your own N dish 
general with emphasis on home use Chapter 1 and receiver for around $64. You also get a sec- 
covers NRO background and glves a generalized tion about the non-television services from satel- 
explanation of what TVRO is all about. Chapters lites - radio feeds, teletext, newswire and infor- 

2-4 give you a braod overview of the equipment mation on DXing international satellites. 01983 
used to transmit and receive TVRO signals. Three 439 pages First edition 

appendixes also cover OBS, locating satellites and 322055 Softbound $16.95 
a glossary of N R O  terms. 1st edit~on. :ill983 Please enclose $3.50 fo r  shipping 
142 pages. 
321978 Softbound $9.95 H A M  RADIO'S BOOKSTORE 

Forelgn orden shlpped FOB Greenville. Greenville, NH 03048 
h 
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From Texas Instruments 
UNDERSTANDING SERIESTM 

For those who want to learn easily and quickly about today's fast paced 
world of electronics. Each book has been written with the beginner in 
mind. Explanations are in clear precise terms and are fully illustrated to 
help the reader learn the information being presented. Teachers will want 
to use these books for text material, newcomers will want to have them in 
their library for reference. 

Understanding Microprocessors Understanding Communications 
By Don L. Cannon and Gerald Luecke Systems 
HOW microprocessors work and what they can do is By Don L. Cannon and Gerald Luecke 
something that you need to know. This text starts 
with an overview of the world of digital electronics Here's a book that will answer just about any ques- 

and covers the basic concepts of microprocessor tion you have ever had about communications sys- 

systems, how digital ICs provide systems functions, terns basic communications in a tutorial concepts, sb'le, conversion 'Oak 'Overs func- fundamentals of microprocessors, system applica- tions, system techniques, applications and mo!e in tion with SAM (simplified architecture micro- 
processor), programming basics and 8 and 16 bit 10 complete easy-to-read chapters. The followng 

microprocessor applications, Written in an easy-to- trammission methods are discussed; AM- FMs PCM, 

read style with plenty of "hands on" projects. PDM. TOM, Wand Facsimile. Satellite systems are 

O 1984 Second Edition 288 pages. covered In deta~l. Great text for newcomers to Ham 

O TI-MP Radio. O 1984 2nd edition 288 pages. Softbound $14.95 TI-UCS Softbound $14.95 

Understanding Digital 
Electronics 

Understanding Digital 
By Gene McWhorter Troubleshooting 
This book tells you all you need to know to under- 

By Don L. Cannon 
stand the basics of digital electronics, you with This book has been written to explain the mysteries of 

a look at how digital electronics systems work and repairing digital electronic circuits. Starting with fun- 

progress through AND, OR, NOT, NAND and NOR damentals lhke binarylhexidecimal conversions and 

gates. You then learn decision making, logic and Ohm's Law, this text progresses thm the most 

memory fundamentals. Digital mass storage is ex- esoteric aspects of digital repair in a logical step-by- 

plained with information on static, dynamic, RAM and Step manner. The chapter on troubleshootinQ funds- 
R ~ M  systems, T?ere is much more to this book man mentals starts with a review of the most common 

can be explained In this short description, you'll have problems that will be encountered such as opens and 

to get one to see how complete it is. O 1984 2nd shorts and concludes with signal traclng techn~ques. 

Edition. You also get a full explanahon of how to use loglc 

TI-UDE probes and clips. 2nd Edition O 1984 272 pages. Softbound $14.95 n TI-UDT Softbound $14.95 

Understanding Data Communica- 
tions (Includes Packet Information) 
By G. Friend, J.L. Fike, H.C. Baker and Buy all 5 books 
J.C. Bellamy Reg. $74.75 
This book covers the basic concepts of data 
transmission and reception, asynchronous and syn- Special $69.95 Save 
chronous protocols, error control and networking 
data communications systems. Data terminals are 
fully discussed as are message and transmission 
terminals, both synchronous and asynchronous Please add $3.50 for shipping and handling 

modems and interfaces, fiber optics and satellite 
communications systems. Packet Ne,hvorks are 
covered with information on X.25 swrtch~ng architec- 
ture. You also get the recommended X Senes stan- 

HAM RADIO'S BOOKSTORE 
dards. A wealth of information. O 1984 1st edition 

Greenville, NH 03048 
272 pages. (603) 878-1441 
E TI-UDC Softbound $14.95 Prices US Funds Only 



In the  late 1950's the aerospace in- 
dustry began to implement the idea of 
using electronics to diagnose and 
recommend solutions to problems in 
complex aircraft and missile systems. 
Because the crew workload in the B58 
jet bomber was so demanding, for ex- 
ample, recorded voice warnings were 
used to alert the pilot to failures in 
critical systems - engine fires, loss of 
hydraulic fluid pressure, and so on. 

Although this type of non-human in- 
tervention is indeed useful, its success 
depends largely on the premise that 
design engineers can anticipate all 
critical failure modes. The fact that 
many systems experience failures sug- 
gests serious flaws in this premise. 

A more useful method of fault loca- 
tion and correction would be a scheme 
that could "learn" the system of which 
it is a part, and then adapt its actions 
to respond to the status of the system 
elements. During the 1970's such 
methods were implemented using the 
processing power made possible by 
ICs and the beginnings of LSI. Term- 
ed "expert" systems because they 
could make rudimentary logical deci- 
sions about events that were not 
necessarily predetermined, such sys- 
tems proved successful in "fault- 
tolerant" computers aboard spacecraft 
in which no repairs would be possible 
during the planned life of the craft. 

In the 19801s, the advent of VLSl 
has enabled even more dramatic ad- 
vances: the processing power now 

available allows the actualization of 
rudimentary "intelligent" systems. At 
this point a couple of clarifications are 
in order. Intelligent, in this context, 
refers to terrestrial carbon-based 
biological specimens, more specifical- 
ly, average human intelligence. Pro- 
cessing power is a squishy term; Dick 
Morley, an expert in artificial in- 
telligence, points out that a Cray 
supercomputer could just about man- 
age the flight dynamics activities of a 
bumble bee's landing. It takes a lot of 
processing to handle even the relative- 
ly "routine" tasks we take for granted. 

Today's intelligent systems generally 
have the ability to learn from experi- 
ence - that is, make a statistical de- 
termination of the likelihood of subse- 
quent events from a database of prior 
related events. During the rest of the 
1980's we can expect to see increas- 
ed application of artificial (electronic) 
intelligence to industrial processes, 
medical instrumentation, test equip- 
ment, and space exploration. 

Around the corner - sometime in 
the 1990's - we will begin to see the 
first devices with enough processing 
power to perform actual inference. 
These will be machines with enough 
memory and sufficient logic to make 
judgments based on their own 
experience. 

The Japanese ICOT supercomputer 
project is aimed in this general direc- 
tion, and is expected to achieve its in- 
itial goals by the mid-1990's. Similar ef- 

forts are underway at several facilities 
in the United States. Further into the 
future, perhaps after the year 2000, we 
can expect to see machines with a 
greater capacity for inference than 
humans - probably based on speed 
and parallel logic - and with non- 
human logic and communication algo- 
rithmic approaches to problem solving. 
By about 2020 or 2030 we should have 
machines capable of experiencing 
emotion - although we may have dif- 
ficulty recognizing it as such because 
of its radical divergence from human 
experience. Perhaps I should add that 
the machines may have difficulty 
understanding our emotions. Enter 
bionic shrinks! 

The most fruitful applications for 
such extensive computing power are 
not yet clear. We must also develop 
the parallel dexterity which will enable 
these devices to perform useful work. 
Each step in the development process 
will have its advances and setbacks. 
However, it is nearly certain that we 
are on the threshold of extending our 
intelligence to entities capable of 
transcending our own abilities. We 
needn't view this prospect as the cre- 
ation of competitors - or as some 
might, the creation of our future mas- 
ters - but rather as an opportunity to 
expand our horizons. 

It's nothing more - and nothing 
less. 

ham radio 
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I actual size. 

5wiltts that your 
batteries can live with. 
Have the power. you nced r~ti?: you n~:*:C] I. v$~!ti 
kesir'; new -5-w;itt. 2-rnet1?1 h.!ndhclcl R?wr3t- !o 
get out In slti~,1tlons whet-c ol.d~n~ry HT, loi: w.isl': 
make 11 

Wr. dcvgn~d our- H i  ~ 1 1 t h  a unique ,.Iv-I-- 
pi-ognrnrnablc Pnwr>r- S.iver- th,!! puts t t i ~  I-I? tc: 
"sleep" wh~le you'i-e mon~torir~y and "w.lL.rs 11 u ~ 1 "  

when the sq~relcki bi-~al s So you c-in 11:tt.n .[:,I- 

hour3 and st~ll have, plenty nf powci- to hli tlicxt. 
hat-d-to-leach repeater; when you need io. 

With thr IT-ZOXH tlhrr~~'r no n i . ~ r l  to fitiii lp 
wrth knobs whcri vnu ctian?,e fram on+> mc~rnoiy 
channt2l ti? .~nothct-That's l?c.~:,~ust. ) n u  i , i r  ~nt:,y- 
pendently stor? everyth~ng you nced ir +-!ct i  of 
the ten rnf~mor-lr.s r-prcJiv!: fr-r.qu?r?cv ~t.lnri.!r-ii 
or- non-stand.11-d c~lfrcet, CVCI tonr cnto~i!. dr. iod~ 
w ~ t h  an opt~cmal  modal^,. And t!-lcn rr.c.ill ,iny 
channel ,it the toi~cil of a burtnr, 

It's rasy to hi.,],- wh~t5  happrn~rip on YCIKII. 

favor~te I.epe,lteis or- s ~ m p l ~ x  freau~nc~ei Ju't 
touch a button and sex ,311 rnPmory cti,~nnf.!c, 
01- self~ctrrl ones 01- all fr-cr~uenc~es b~tw17~tr 
any two adlacrni rnr3mor-I?:. Use. thr p f ~ ~ o i ~ t y  
fcatuiw to ~ re t~~ rn  autorn,~tir,iily to your- ~ ~ : C I . : I  
frequency when ~t hccornei ,!ct~ve 

Rr-~nq up con;rollecl-;.ccesj rn,icii~nes w~ti-t 
the opt~on~ll plupin suii,lu~~-~nlr tone encodrr- 
decoder: ~ndrpendently prr'qrimnied frnm tii? 
keybo4i-d fol- e,ich th,lnncl ?~st,?r) for tori?- 
encoded s~~nals on sclcctecl channels-wltricsu: 
hav~ne to h~ar- ,I bunch of rhattci-- by cnabl~nc 
the d k d e  funct~on 

The FTZCWRH, w h ~ c i  covrr-s 10 MHz lor 
CAP and MARS us?, ciirncr romplr~tc. w l t i  .l 
503-mAh battery char-get- d id  soft carr 

h-)r- thosf, w h ~  w,int ! taric rxri~i:, WIT~ I~L I I :  

the bells and whistles cor~!d?t- the cornpac: 
Irghtwe~ght FT-203R Thrs ?conorn~c,il HT fi.~iur-:?c 
2.5 w,,tr; of pclwrl- nr-id dn crptioral DTMi b.+;/- 

pad Most al l  thp acrrsco~-~rc for the 209 wo:-i 
1~1 th  the 203. ~nclt tdin~ an opt~cinal VOX tip.l(:ls~-,t 
that g1vc.s p u  hands-fib? operatlor1 tIi,lt'r prrif,ct 
lot- publlc srrvlcr r-.vPnts 

So when you vlslt Fur- dr-.alcr: If7? hrrn 
know vou won't rettlc for anvth~ni: till: t l i ~  5~:: 
A I-adio hallt by Yicsu 

Yaesu Electronics Corporation 
(-,r1,i W~itl~:~ll W I ~  I?ir-,~rr1~~~1111 r .~j~~~CV23 
(213) 63j-%K)j 

hesu Cincinnati Service Center 
'.at 8~0 G,jla, i " , ]~ l  L,! I\,+, I i ~ m ~ ! ! o n  (2tj 
(573) f<74-311'() 

Prices and specificat~ons subject to 
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Digital Code Squelch.. . 
Kenwood's TR-2600A introduces 
DCS (D~gital Code Sqi~elch) cir- 
cu~try, a signaling concept devel- 
oped by Kenwood. DCS allows 
each station to have its own 
"private call" code or to respond 
to a "group call" or "common call" 
code. There are 100,000 different 
5-digit ASCII code combinations 
possible. You can program In call 
signs up to 6 dlglts in the ASCII 
code. When operating in the DCS 
mode, lhrs lnformatlon can then 
be automatically transmitted 
each time the transmit key is 
depressed. This revolutionary 
feature is only the beginning! The 
TR-2600A also sports a high 
impact plast~c case, that IS extra 
rugged and scuff-resistant. The 
molded-in color adds to the attract- 
ive appearance. The large L.C.D. 
display is easy to read in direct 
sunllght or in the dark with a 
convenient lamp switch. It dls- 
plays transm~t/receive frequen- 
cies, memory channels, and five 
arrow indicators for "F LOCK" 
frequency lock. "REV" repeater 
reverse, "PR0G.S" programmed 
scan, "MS" memory scan. 
"ALERT.S8' alert scan. A star 1nd1- 
cates "MEMORY LOCK-OUT" IS 

activated, and repeater offset 
indicated by "+. -, S and M:' The 
TR-2600A has 10 memories, nine 
for simplex or transmit wlth fre- 
quency offset +600 kHz and one 
(memory 0)  for non-standard split 
frequencies. Mernory scan and 
programmable band scan have 
the added convenience of "T~me 
operated Resume" that stops on 
busy channel and holcls for 
approximately 5 seconds, then 
resumes scanning, or "Carrier 
Operated Resume" that stops on 
busy channel and resumes 
when slgnal ceases. 
Memory scan, scans only those 
memorles In which data is stored. 
and memory lock-out allows you 

I to skip selected memory channels 

transmit capability In 5-kHz steps 
for simplex or repeater operation 
on most MARS and CAP frequen- \ 
cies. Receive frequency coverage 
~ncludes 140.000-159.995 MHz. 

These features only tell part of 
the story. The TR-2600A also has 
keyboard frequency selection. 
bullt-in 16-key autopatch encoder. 
"TX STOP" switch. HI (2.5)ILOW 
(300 mw) power switch. REV 
switch. "SLIDE-LOC" battery 
pack, high efficiency speaker. 
BNC antenna terminal, and all of 
t h~s  in an extremely compact and 
lightweight package! 

Kenwood's TR-2600A, wlth 1 
D.C.S.. leads the way in hlgh 
technology hanclheld transceivers! 
Optional accessories: 

TU-35B bullt-in programmable 
sub-tone encoder 
ST-2 Base Stand 
MS-1 Mobile Stand 
PB-26 Ni-Cd Battery 
DC-26 DC-DC Converter 
HMC-1 Headset with VOX 
SMC-30 Speaker M~crophone ' 
LH-3 Deluxe Leather Case 
SC-9 Soft Case 
BT-3 AA ManganeselAlkaline 
Battery Case 
EB-3 External C Manganese1 
Alkallne Batlery Case 
RA-3. 5. Telescoping Antenna 
CD-10 Call Sign Display 

More lnformatlon on the 
TR-26OOA IS ava~l;rble from 
authorized dealers of 
Trlo-Kenwood Cornmun~cations. 
1111 West Walnut Street, 
Cornpton. CA 90220. 

~p..<rf,r~rro,lr .,nil pncss . g r r  subject ro change 
wirlroul rlor,cn of oblrparion. 
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