


ICOM introduces the 
IC-R7000 advanced technol- 
ogy 25-2000PJHz* continu- 
ous coverage communications 
receiver. With 99 owner pro- 
grammable memories, the 
IC-R7000 covers low band. 
aircraft, marine, business, FM 
broadcast, amateur radio. 
emergency services, govem- 
ment and television bands. 

Keyboard Entry. For 
simplified operation and quick 

the IC-R 
:eyboard 
lcies can - .L- 2:- 

tuning, 7000 features 
direct k entry. Precise 
frequer be selected by 
pushing Lrlc u ~ y i t  keys in s e  
quence of the frequency or by 
turning the main tuning knob. 

99 Memories. The 
IC-R7000 has 99 memories 
available to store your favorite 
frequencies, including the 
operating mode. Memory 
channels may be called up by 
simply pressing the Memory 
switch, then rotating the 
memory channel knob, or by 
direct keyboard entry. 

Scanning. A sophisticated 
scanning system provides 
instant access to most used 
frequencies. By depressing 
the Auto-M switch, the 

IC-R7000 automatically men 
rizes frequencies in use w t  
the unit is in the scan r o c  
This allows you to recall 
frequencies that were in use, 

Other Outstanding 
Features: 

FM wide/FM narrow/AM/ 
upper and lower SSB 
modes 
Six tuning speeds: 0.1, 1.0, 
5, 10, 12.5 or 25KHz 
Dual color fluorescent dis- 
play with memory channel 
readout and dimmer switch 
Compact Size: 4-3/8"H 
x II%"W x 10%"D 
Dial lock, noise blanker, 
combined S-meter and 
center meter 

ifrared 

nthesizer 

Optional RC-I2 ir 
remote controller 
Optional voice sy 
When recording, tne volce 
synthesizer automatically 
announces the scanned 
s~gnal frequency. 

*Specifications guaranteed 
from 25-1300MHz. N o  addi- 
tional module required for 
coverage to  approximately 
2.OGHz. 
.- - - 

See the  IC-R7000 receiver 
at your local authorized ICOM 
dealer. Also available is the 
IC-R71A 0.1-30MHz general 
coverage receiver. 

ALL THIS AT A PRICE 
YOU'LL APPRECIATE. 

First in Contmunications 
ICOM Arner~ca, Inc.. 2380116 Ave NE. Bellme, WA 98004 / 3331 Towermod Drove. Su~te 307. Dallas. TX 75234 

NI sued s ~ n m l e n I  are a p p r o x l m  and wbJrcl to chmgc wlman mcle w obllpnlon. All ICOM d l o l  slgnlnunUy exceed FCC ngulJtlom IlmRlng rprdaa cmlnlom. RlOOOBBS 



Now Mobile 
Operators Can 
Enjoy An 
Affordable 
Personal Phone 
Patch. . . . . 

1.- 

LV~IIIOIII an ~ x p ~ n s i v r  . -  
rc~pc,~+tc~r. 
Osin!! dnu FM rranreiver 
CIS n I iaw sli11i11n. 
111~ st,crer is a SIMPI.EX 
aulopalch. The SMART 
PATCH. 

SMART PATCH 
I s  Easy To Install 
T<r instdl SMART PATCH. 
conntvt the ~ ~ i u l t i r ~ ~ l o r e d  
comp l~~p r  stvle r i t j l r~~n rahlr  
ICI n i i~ .  audio. receiver 
discrin~inator. PTT, and 
p(wer. A rnc~clular phonr 
cord 15 prt~vidcvl lor con- 
~ ~ v c - t i o ~ l  11, "our phone svs- 
te rn  \tiund siniple'? . . . 
IT IS! 

Mol,ilc* (g,r rvnlc~rc hast,) 
rr, plia~nt. l i t l c .  via 5 i n i p l ~x  
I r n - . ~ .  (SCP l ig I .) 

Mcrl~ilv In  Mc,hilv cia in- 
tvrro~~l~f,(-trcl I>aw $la. 
tion, I13r vxrrndr.rl rangv. 
I%cr fig. 2.1 

Tc.lc.pl~a,nt, line 1,) nlnhiir 
(or rclllc)tP I>it\c,). 

SMART PATCH usrs 
5IMI'I~I.X BASE STA- 
1 ION I:()LIII'MI:W. Clw 
votlr 11r1lili.l~ 11ase s t a  
ti or^. SMART PATCH 
clef+ llii, ~ v i l l i ~ ~ t ~ l  illtc,r- 
Ivrinq witti ll ie nort~ ia l  
IIW 01 v w r  raclio. 

Communications Electronics Specialties, Inc. 
1 ' 0 .  I%,x 2930. Win!'*r Park. Flctridn 32790 
T?lvpl~<~nr:  (305 )  645-0074 Or u U  toll-free (800)327-9956 



Handy Handful ... 
= * ? >  -. 

- .= 

Kenwood's TR-2600A and TR-3600A feature DCS (DIgItal Code 
Squelch), a new signalling concept developed by Ksnwood. 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 
DCS combinations possible. 1 tit? ti;.~rlv:ofi~! I T i  :'')D!lh ,!rlt! Ihr, 

TR~3I;CKlP Ij;i-l. "1>1<1 IICI" IP:I~III~!S 
Inlo Ihc p.11171 r f yt-1111 l1;11irI. It':> 

~ l l l ~ - ~ O l l ~ ~  f . 1 ~ 1  i~iil'l 

TB-2530 :J-lrl :'OW RF 

ST 2 I~;I.:- : t ~ ~ i r I i i ~ t i ; - i r ! ~ r ~ r  
\AS-1 rnt 111118. : ; I ; I I I~/L~~;IIcI~~ 
PR-26 P . C ,  1 I ,nttf>ry 
DC~:?ti [ ) C ~ I ) C  ( i~~ivi.rti?r 
HRlCl III.>;III,,*-I ~1111 VOX 

FIIII. t1r111;11 1i+.!:1(1r1 I \  ' ~ J ~ , I , I  111~~r l~ l I v "  SMC-3( sp6,,:i<t'r nil( roy~lir?ne 
H1111i ~n t i i  I., y r~~rto[?nl~-. l i  f ~ r ~ i r c > c i ~ ~ r .  L H ~ 3  dt.luu1. 1 i ~ : i l t t l r ~ r  vnsc- 
TX .?TOP yw111 t i .  HliVi.rsi. ,;w~tr 11. SC-3 srlt i . ~ ~ i ,  wlltl ll"ll t i rok 

B I - 3  A> m;:r~aanes+?l;~lb.nI~ne 
battery i;1stm 
E B ~ 3  t ! k : ~ r ~ ~ : ~ l  C mancjnnil.se1 

E , I c ~  lo ~ i , ; j i t  111 C~III>I:~ :,~11i11~1111 ( 1 1  III ;~lkal~n~x L~nl'erv I . ~ I ' . ~P  

t t i r .  iI:lrk, \v1+11 rr~r1vr~ri1f6~nl ii1:1l Ih(1t11 R A ~ 3  ? ~ m  t.'I;.sci?ping antenna 
tli.!l :II:<~I ~ l I i ~ r ~ ~ ~ r i : i l r ? ~  Ill(, 1 0 1 1  [-l;!r1r;l RA-5 2 ~ 1 ~ 1 '  ' i i - c n l  telesl-oping 
S ~ I I I ~ ~ , I ~ ~ I  ;?nl?nn:: 

AX-: s t P ~ ~ r t i I ~ r  slrnp \~~/;tnt,  basil 
CD-10 i ill I ; r l  ,ClSpl,ly 
i3H~:A I ~ t ~ l l  I O ' J ~  

k:lr~ri, TR .?~Tv IA  ;:IICI rF?-311OOA 1 1 l l f 1 1  

(TI4 7iiOnA I I I V ~ ~ I ~ ~  .440.1!10 k4l-l/ i I~II:III(-JII I', ;;\);II~;II-II:. Ir i>~i i  : I I I I~ I , I I I /C~~ 

k r ! ~ i w i ~ o r j  rjf>;!If!r! 

SI ;III, ?,es;lrr 11 lor i>pen 
(.,I I ' I I ~  i:ti;1171ir~l<, 

1 H3600A  t1;ls 1 ti w;~l ls 
hlirll (11 3Ofl rnW linw. 

TRIO-KENWOOD COMMUNICATIONS 
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L E T - T E R S  WE GET L E T -  T E R I '  WE GET STACKS AND STACKS OF L E T  - TERS.  

Dear Richie . . . Except for the name, the song's the same. I remember spending many an evening with 
my family, watching Perry Como on the Clumont. Towards the end of the program, mailmen would 
mysteriously appear, dump several large sacks of letters on the floor, and then disappear again, leaving 
Perry Como alone with those thousands of letters. 

Sometimes at ham radio I feel that I'm in Mr. Como's situation. Every day we receive short letters and 
long letters from readers, asking or telling about simple subjects, easily grasped, and more complex sub- 
jects that send me to the quietude of my library. Club newsletters, new product announcements, DX news, 
and other written communications add to the pile. 

Mind you, I'm not complaining. Quite honestly, I love to receive mail. As I'm sure I've mentioned many 
a time, reading material is like food to me - nay, like the breath of life itself. However (sorry, no "buts"), 
I've found that there is a limit to the number of hours in a day (it took me forty years to figure this out) 
. . . and though one should, in the name of efficiency, "prioritize," I must confess to a particular weakness: 
I believe that if someone's taken the time to write to the editor of ham radio, I want to take the time and 
care to respond. The reply might be shortelr than you might like it to be - and it may take a long time 
in coming - but come it will. 

There are a few things you can do to help make sure that you'll get an answer in a timely manner when 
you write. Here are a few suggestions: 

DOUBLE SPACE your letter, regardless of whether you type, print, or knock it out on your word pro- 
cessor. Doing this makes your letter much easier to read and leaves room for me to scribble notes in be- 
tween your lines. 

Limit your comments to a SINGLE SUBJECT. Send as many letters as you like, but limit each one to one 
topic only. Sometimes several readers will comment on the same thing - for example, an error in a for- 
mula (although, of course, we rarely make mistakes). I can research your question and get an answer to 
you more expeditiously this way. (The DXers among you will appreciate this. When you've worked that 
rare one on several bands, don't you send setparate cards for each one to make it easier on the QSL manager 
or the poor guy filling out those thousand!; of cards?) 

Keep the LENGTH of you letter to a maxirnum of 400 words if you can. I understand that this may be 
difficult in some cases, but try. Make a game out of getting to the point quickly. (Now if only I could learn 
to do that!) 

Clearly indicate if you'd like us not to PUBLISH your letter. I can't guarantee that we'll print your letter 
(if that's what you'd like), but I promise that if you say "do not print," your letter will not be printed. (If 
that's the case, please feel free to broach any subject. I don't embarrass easily.) One fine point: unless 
you tell us that you don't want your letter published, we'll assume we have your permission to publish it. 

Don't be afraid that what you have to say may not be important, or that your letter might be too short 
(Grace d Dieu!). I started this editorial with very little to say, and look at it now. 

Remember, that if nothing else, ham radio is a conduit of your thoughts and interests. Its content is gathered 
and published to meet your needs. The mare readers we hear from the more accurate our understanding 
of your interests will be. 

To the hardy few who've read this far, please write. And be patient. A response from this office willcome. 
Rich Rosen, KZRR 
Editor-in-Chief 

4 October 1985 



I MFJ'S MOST ADVANCED RTTY/ASCII/AMTOR/CW COMPUTER INTERFACE HAS FM. A M  I 
MODES, LED TUNING ARRAY. RS-232 INTERFACE, VARIABLE SHIFT TUNING, 170/850 H Z  
TRANSMIT, MARK-SPACE DETECTION. Has tront panel sens~t~v~ty control 

& . -  --- - -- - .- .- - NormallReverse sw~tch eltmtnates retunlng whlle 
I ~ I C W  DELUXE LLMPVTER checktng lor Inverlfscl RTTY Speaker lack +250 

-.)..1 - VDC loop outpul 
Exar 2206 sine wava penentor gtves phase con- 

nn tlnuous AFSK tones Standard 2125 Hz mark and 

-t U V A l b  
229512975 Hz space M~crophone l~nes AFSK out. 

0. -. .. ?. ... -. AFSK around. PTT out and PTT around 

MFJ RTTY/ASCII/CW software 
MF J-1229 Enslnwrlne, perform 

ance, value and lsatures 
$ 1 79 95 sets MFJ's most advan- 

ced R T T Y I A S C I I I  
AMTOR/CW computer interface apart from others. 
FM (Ilmltlng) mode gives easy, trouble-free oper- 

ation. Best lor general use, oft-shin copy, drin- 
Ing s~gnaij, and moderate signal and ORM levels. 
AM (nocllmltlng) mode glves supertor per- 

formance under weak s~gnal condit~ons or when 
there are strong nearby stations. 
Crosshair mark-space LED tuning arny simu- 

lates scope elt~pse for easy. accurate tuning 
even under poor s~gnal-to-noise condit~ons. Mark 1 and space ou~puts for true scope tunlng 

MFJ MULTI-FUNCTION MFJ-lnl 

TUNING INDICATOR $79.95 

.. . 

Gmatly lmpmve your RTTY copylng upabl l l t i r .  
Add a crosshair LED Tuning Indicator that makes 

tun~ng quick. easy wlth pin-point accuracy. Add 
mark and space outputs for scope tuning. Add 
LEDs that indicate 170. 425. 850 Hz shifts. Great 
for copying RTTY outside ham bands. Add sharp 
mark and space filters to improve mpy under 
crowded/weak conditions. 170. 425. 850 Hz shins. 
Add Normal/Reverse swltch to check for inverted 

RTTY without retuning. Add output level control to 
adjust signal into your terminal unit. Add a limiter 
to even out signal variation for smoother copy. 
Unit plugs between your tuner and receiver. Mark 

is 2125 Hz. space is 2295. 2550 or 2975 Hz. Meas- 
ures 10x2~6 in. and uses floating I 8  VDC or 110 
VAC with AC adapter. MFJ-1312, $9.95. 

24/12 HOUR CLOCK/ID TIMER 
Switch to 24 hour UTC 

or 12 hour format1 Bat- 
MFJ-106 

terv backuo. ID timer a- $19.95 
lerk every 9 mtnutes 
after reset. Red 6 In. 
LEDs. Synchron~zable to 
WWV. Alarm. Snooze 
function. PM, 'alarm on 'e 
indicators. GrayIBlack cabinet. I10 VAC. €4 Hz. 

MFJ 24 HOUR LCD CLOCKS 
519.95 $9.95 

on tape, cables for C-64/VIC-20. 
T n m m l h  on balh 170 Hz and 1)50 Hz shlfl. 
Bullt-In AS-232 1nterface.no extra cast. 
Varlabla shln tuning lets you copy any shih 

between 100 and 1030 Hz and any speed (5-100 
WPM RTTY/CW and up to 300 baud ASCII). 
Push button for 170 Hz shin. 
Sharp multi-pole mark and spats l l l ten give 

true mark-soace detectton. Ganged wts  aive space 

FSK "keying for tnnrcelvnn i ~ f h  FSK Input 
Has sharp 800 Hz CW fllter, plus and mlnus CW 

kevtng and external CW key jack 
Kantmn~cs soltwan compatible socket. 
Exclus~ve TTURS-232 general purpore sock* 

allows ~ntertactng lo nearly any personal com- 
puler w ~ l h  most appropriate sonware Available 
TTL/RS 232 l~nes RTTY demod out. CW demod 
out (TTL only) CW-ID In. RTTY In. PTT In. 
key In All stgnal lines are buffered and can be In. 
verted uslna an ~nternal DIP swttch 

passoana 1Jn ng ~ 4 t h  constant iandwtdt/l Factory Metrl cabinet. Brushed a t ~ m t n ~ m  front 12'/rx 
aal~sted tr m 001s tor oot mum ltlter oerformance 2'0x6 lncnes 18 VDC or 110 VAC wth oottonal I 
~ul t i -pole actlve f l i ten are used for pre- 

l~m~ter  mark, space and post detection filler- 
tng Has automatic lhreshold correctton Thls 
advanced deslgn glves good copy under ORM. 
weak slqnals and selective ladlng 

I MFJ ELECTRONIC KEYER 

M F J M  Deluxe Elacimnlc Keyor sends iambic, 
automatic, semi-auto or manual. Use squeeze, sin- 
gle lever or stralght key. Plus/rninus keying. 810 50 
WPM. Speed, weight, tone. vulume controls. On1 
Off. Tune. Semi-auto switches. Speaker. RF proof. 
7x2~6 inches. Uses 9 V battery. 6-9 VDC or 110 
VAC with AC adapter. MFJ-1305, 8.95. 

MICROPHONE EQUALIZER 

Omlylmpmves transmitted SSB speech for max- 
mum talk power. Evens clut speech peaks and Val- 
leys due to voice, microphone and room character- 
istics that make speech hard to understand. Pro- 
duces cleaner, more intelligible speech on receiving 
end. Improves mobile operation by reducing bassy 
peaks due to acoustic resonances. Plugs between 
mic and rig. 4 pin mic jack, shielded output cable. 
High, mid, low controls provide f 12 db boost or 
cut at 490. 1170.2800 Hz. Mic galn. on/offlbypass 
switch. "On" LED. 7x2~6 inches. 9 V battery, 12 
VnC nr l l n  VAC with arlantsr MFJ-1317. $9.95. 

~ 7 

AC adapter. MFJ-1312. $9.95. 
Plugs betweon rlg and C M .  VIC-20, Apple. TRS- 

80C. Atart. TI-99 and other personal computers. 
Use MFJ. Kanlron~cs, AEA and other RTTY/ 
ASCII/AMTI)R/CW software 

MFJ ANTENNA BRIDGEMFJ-2w 
t70 OE 
9 1 J . J d  

Trim your mntenm fw Pptlmurn pr- 
t o m n e e  quickly and easily. Read 
antenna resistanm up to 500 ohms. 
Covers all ham bands below 30 MHz. 
Measure resonant frequency of an- 
tenna. Easy to use, connect antenna. 
set frequency, adjust bridge for m e  
ter null and read antenna resistance. 
Has frequency counter jack. Use as 
signal generator. Portable, selfcon- 
talned. 4x2~2 in. 9 V nanery or I10 
VAC with adapter. MFJ-1312. 8.95. . 
MFJ PORTABLE ANTENNA 
MFJ's P W b l e  Antenna lets you operate 40. 30. 

20. 15. 10 meters from apartments. motels, camp 
sites, vacation spots. nearly any electr~cally clear 
location where space f& a lull size antenna IS a 
problem. 

watts PEP 

Hug8 M lnch bold blHk LCD nulnenls make these two 24 Hour clocks a must for your shack. Choose 
t o m  adual clock that featuresseperate UTC and lml tlmedlsplay or a slngle clock that dlsplays 24 Hour tlme. 
Mounted In a brushed alumlnum frame, these clocks feature huge 518 lnch LCD numerals and a sloped tam for 

across the room viewing. Easy set month, day, hour, minute and sewnd function. Clocks can be operated in an 
alternating timedate display mode. MFJ-108. 4%xlx2 inches: MFJ-107. 2%xlx2 inches. Battery included. 

OBLIGATION. IF NOT DELIGHTED. RETURN WITH- 
In j o o ~ r s  FOR PROMPT REFUND (LESSSHIPPING) 

One vear uncondltlonal auaranlee Mane In USA 

TOOIOEIORFORYOURNEAREST 
DEALEI. CALL TOLL-FREE 

800-647-1800. call w t  323 5869 
In MISS and ouls~de cont~nental It\a I-, 
Telex 53-4590 MFJ STKV 

Ado $4 W each shlpptnglhandllng Call or write 
tor tree catalog. over 100 products. 

M o r e  Detai ls? CHECK-OFF Page 140 J 10!i 

MFJ ENTERPRISES. INC. 
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SIMPLEX- REPEATER-SATELLITE 

1MElEAS. IM)WATTS 

TR-2600A Oeselws'a 
- A L L  MODE . 

wI%arned rw la lon  
RS the lesdlng HT 

TH-21ATl41AT MA-40 40' TUBULAR H.D. MAST 

Outsta~ng pertarmerr 
,n an 10e.1 packaoe 51ZC 

MA.550 55' TUBULAR H.D. MAST 

,Why You Should Buy. 

SUPER-COMPACT 

2. Pleases neighbors with W-51 SALE $899 
tubular streamlined look 

3. In stock for quick delivery 
LM-354 SALE $1 599 

4. Other models at great /MMED/ATE DELIVERY 
ALSO 'IC-27H HIGH POWER VERSION 
AND IG-37A. 220MHz 

IC- 47A. 70CM 

TOP-OF.THE-LINE H F  TRANSCEIVER 

PAY REGULAR PRICE 51 799.95 

MOST I' 



SUPERIOR GRADE THE LATEST IN ICOM'S LONG LINE 
GENERAL COVERAGE OF HF TRANCEIVERS 

RECEIVER 

SAhFrl.3629.95 

IC-OPAT IC-PAT IC-3AT 
IC-04AT IC-4AT COVERS BOTH 2 METERS 

220 MHZ'S DFST r ~ u y l  AT GREAT LOW 
REGULAR $449 

THE TOLL FREE NUMBER IS NOT IN EFFECT IN THE STATES OF 
CALIF ANDARIZONA 

DOB " l " l."." . 
o,,,, .,,,,,.,, CALIF AND ARIZONA CUSTOMERS CALL OR VISIT NEAREST STORE 

.,.,,'~.~.~:'~.:~:I,, PHONE HOURS: 9:30 AM TO 5:30 PM PACIFIC TIME. 
STORE HOURS: 10 AM to 5:30 PM Mon. through Sat. 

ANAHEIM. CA 92801 OAKLAND. CA 94W9 SAN DIEGO. CA 92123 
2620 W L a  Palma. 281 1 Telvgraph Ave 5375 Kearny Villa Road 

(714) 761 3033. (213) 860 2040. (415) 451 5757 (619) 5604900 
Belween Dtzneyland A Knolls Berry Farm Highway 24 Downlown Lell 27th oll ramp Hlgnway 163 and Cla~remont Mesa Blvd 

BURLINGAME. CA 94010 PHOENIX. AZ 85015 
990 Howard  Ave . 1702 W Camelback  Road. 

(415) 342 5757. (602) 242 3515. 

. ,. .. A ~ , .,, % "I Y . ,. Id I ,  . . .  . . A "  . .,A ,. ,, " .< . ,  . , .' 2 , .. .. .. A ..A .' * I "  " %  -, < < , "  "> , . - m  - * r ,  a r f 2  , f l  , , <  " r  " , , A 7  ,. 8.  



The best DMM in its class 
just got better. 

The Fluke 80TK. 
One innovation leads to another. 

First there was the 70 Series, which set a 
new standard for low-cost, high-performance, 
Fluke-quality multimeters. 

And now, another first. The Fluke 80TK 
K-type Thermocouple Converter. A tempera- 
ture measurement device that adds instanl 
temperature measuremenl capabilities to the 
70 Series DMMs. 

Or any DMM, for that matter. 
Feature for feature, the versalile 80TK is the 

most affordable unit of its kind. For quick 
comparison readings, it can measure "C or OF 
at the flick of a switch. It includes a built-in 
battery test. And the availability of 3 Fluke 
probes give you the flexibility to measure any 

form 01 lemperature. fmm freezer tifurnace. 
with jusl one base unit. 

No other thermocouple converter we know 
of offers DMM users so much for so little. 
Just $59, including a general-purpose bead 
probe. 

So even if you don't own a Fluke 70 Series 
multimeler, Ihe 8OTK will help the DMM 
you're now using measure up when things get 
hot. Or cold. L- 

For your nearest dislributor, call loll-free sulfare ~ m m m n n  and iJPnrmI-DtgrnnrP or"& .,ID mlnl 

1-800-227-3800, ext. 229, day or night, lhFrmocOlIalr ronneaolr amamlat~lt~ 101 tne Flak? 801h 

Oulsidi~ Ih13 U S, nil 1-402-496-1350. exl. 229 

80TK SPECIFICATIONS 
'. . t . . 4 1 , ,  , ./.. ,, ".. ,, ,,. , - . , 

FROM THE WORLD LEADER 
8 '  , , 

i i ,  1 " .  , I 

IN DIGITAL MULTIMETERS. B~,I..,, , 1,  11,110 H , , ~ ~ T  ('IVJ 



all the VHF spectrum - but are in- 
stead just living on 2 meters. 

It would be nice if the ARRL would 
make holding at least one Novice class 
per year a requirement of affiliated 
clubs [forgiving schools - it's tough 
enough for those). Maybe also have a 
minimum passing rate of, say, 30 per- 
cent or three new Novices per year. 
Something like that, anyway. They 
want growth - this will help. 

Will iam E. Newkirk, WBSIVR 
Melbourne, Florida 

Your AEA P 
Allow To: 

* Commun i  c o m p u t e r  
speed and h n r m  a t d  er ro rs  o n  
HF, VHF, UHF and OSCAR 
. . . through QRM and QRN, and  
d i r e c t  o r  v ia d i g i p e a t e r  
link! rge, 
eve]  YOU 

w a n t  t o  ram w r t n  i s  n o t  tnere. 

s You 
c a t e  at 
-:A. .." 

can anyone help? 
Dear HR: 

I am 31 years old, a General Class 
ham, and handicapped with multiple 
sclerosis. I am unable to work, so my 
wife supports us and our two little 
girls, ages 6 and 8. On our very limited 
income the purchase of new or used 
equipment is impossible. 

Maybe there is someone in your 
readership who has some equipment 
they haven't used in a while, but is still 
in working condition, that they would 
be willing to donate. I need a good 
transceiver (solid-state or tube) or 
transmitter and receiver, power supply, 
and VHFIUHF radios, and any station 
accessories, such as microphone, 
watt1SWR meter, etc. 

I can assure you that any equipment 
anyone donates will be put.to good 
use and appreciated very much. Thank 
you for your time and effort on my 
behalf. God Bless you. 

John  T. Statham, N5HTQ 
1506 Sheila Drive 

McComb, Mississippi 39648 
(601 ) 684-9558 

more Novice privileges 
leave I 

I t h e  p~ ... . 
B mescu 
e r s o n  : 

* 

Dear HR: 
Back when the original Novice 

license was created, it included phone 
privileges on the high end of 2 meters. 
This was dropped because the new 
Novices were talking their 1-year, non- 

>IUD sratmns 
Nets  
Bu l l e t i n  
Mail b o l  

renewable tickets away. Now that the 
Novice ticket is a 10-year, renewable 
affair, maybe some thought should be 
given to letting the Novices back on 2 
meters. . . . Interference the Novice 

Boards 
res 

!,000 s t  
tnd m o r  

at ions I 

'e every 

may cause is easier to track down on On 10.147 MHz; 14.103 MHz; 
145.832 MHz; 145.01 MHz; 
OSCAR 10; and other  bands 
' freqnen 

2 and does not propagate over the en- 
tire planet. Loading 2 meters with 
Novices might even force the develop- 
ment of modern commercial repeater 
techniques to increase the capacity of 

ana 

Al l  y 
tion. 

sta- 
u ~;UIIIVULCI. wills  om- 

an  
er. 

r home - 
the voice repeater systems as well as 
development of the other VHF 
bands. . . . ' 

The new license would allow Nov- 
ices the same operating privileges as 
the Technicians, so they could operate 
packet, R T Y ,  CW, SSB, FM, or any- 
thing else that strikes their fancy and 
is legal. 

mun 
AEA 

' softwa 
Packet 

Ire. and 

w or  viat your AEA d a e r ,  o r  
wri te for  a complete information 
package 'IDDAY. You can find out 
abou t  PACKET b y  r e a d i n g  
WB7GXD.s tutorial  articles in the 
September and October 1983, and 
January 1984 issues o f  73 For Rn- 
dio Amateurs This new Novice license would 

mean that Novices could work on 
public service and disaster com- 
munications while their interest is high 
(as was yours when you first got your 

Box G 2  
WA 9003 
'3 

service note 
Although R.L. Drake no longer man- 

ufactures Amateur Radio products, 
service is still available. We're at 540 
Richard Street, Miamisburg, Ohio 
45342 (51 3 866-321 1 1. 

William A. Frost, WDBDFP 
Service Manager 

R.L. Drake Company 

license, remember?) and they're moti- 
vated to get involved. And they could 
also work on HF when they wanted to. 
The Techs will scream since many 
really aren't living up to the purpose 
of their license - the development of 
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33 CM HAS BECOME THE NEWEST U.S. AMATZUR BAND, open for use OOOlZ September 28, 1985, 
about the time you read this. All modes, for Technician class and above, are permitted in 
the 902-928 MHz slot, though Amateurs may not interfere with other band users (principally 
Industrial, Scientific, and Medical). D.le to government needs, the band is not available 
in Colorado, Wyoming, or within the White Sands (NM) Missile Range; 33 cm Amateur stations 
within 150 miles of the Ranee borders are also limited to 150 watts PEP. 

First Extensive Use Of 31 CM Is Likely To Be On FM, using 903-905 MHz rigs developed 
for use by the Japanese Personal Radio Service. A few are already in the U.S.. and suite a 
few are believed to be in inventory in Jspan since the number of japanese users has tiot met 
the makers' expectations. W9JUV checked 3ut a pair late last year on an FCC experimental 
license, and the Amateurs who had a chance to operate with them found their sophisticated 
selective calling and other features fascinating though absorption by foliage severely 
restricted their ground-level range. Unfortunately their frequency scheme conflicts with 
that developed by ARRL's VUAC, .which places weak signal, beacon, linear translator and 
digital users in the 903-905 MHz portion of the new band and FM simplex at 906-907 MHz. 

On The Same Date U.S. Amateurs Lost 420-430 MHz Above "line A," an imaginary line that 
runs across the country 50 miles south o f h e  Canadian border. This provides a buffer 
zone for Canadian 420-430 MHz Land-Mobile activity, by a 1982 U.S.-Canadian agreement. 

A NATIONAL ORGANIZATION OF VOLUNTEER EXAMINER COORDINATORS was probably the most signifi- 
cant result of the FCC's VEC meeting in Gettysburg August 9. 16 VECs, essentially all of 
the most active, were represented at the all-day session in which the FCC, for all intents 
and purposes, finished passing the Amateur examination ball to the Amateur VECs. 

Though The FCC's Da -Lon Meetin Was Itself Rated "Hi hly Successful1' by all parties, 
it was at an informal ;ost-Zession :ehasT%day night thEt the seeds were planted for the 
national VEC group. Tentatively named the Coalition of Amateur Radio Examiners" (CARE), 
the new group is considering such things as mutual accreditation of each other's Volunteer 
Examiners, developing a common examination pool with cooperative printing and stock-piling, 
and cooperation in scheduling of exams, Membership in CARE will be open to an FCC-accredited 
VEC and to any individual Volunteer Examiner even if the VE's VEC is not a C d  member. 

Develo ment Of The CARE Or anization Is Continuin Ra id1 W9JUG at DeVry can provide 
addltiona; information for thEse interested, A nati:nawlet, to discuss the VEC program 
in general and CARE in particular, now reets Sundays on 14173 kHz at 17002. 

EXTENSIVE AMATEUR OPERATION FROM SPACE IS PLANNED for the Space Shuttle's Flight 61A, 
scheduled for liftoff October 16. The European crew includes Amateurs PElLFO, DB2KM, and 
DD6CF, who'll operate on both 2 meters and 70 cm with antennas mounted on the Shuttle's 
surface instead of using the makeshift window antenna of previous flights. 

Operation On The 10 Or 15 Meter Bands Is Also Being Considered, to provide new and 
useful information on HF propagation through the ionosphere. At press time it appears 
these operators will be permitted much more on-the-air time than any previous astronauts. 

A U.S.-JAPANESE RECIPROCAL LICENSING AGREEMENT HAS BEEN SIGNED, according to the 
August ssue o Ja an mes. n er . . rec proca cens ng rules, Japanese "no-code" 
11cense9h~lders f i i d k d k  sa:edooe:r.:ine otivi le:eiihereias thev have in Japan-above 
30 MHz. Japanese will not be the fikst "novcbders" Lo operate in the U. S. , however, as a 
number of the other 65 countries with whom we have such agreements also have a no-code 
license. Since the Amateur population of Japan is so large, with so many holding a no-code 
license, a noticeable influx of Japanese reciprocal license holders can be expected. 

BNlAAA Through 8NlXZZ Is The Callsign Block Reserved For U.S. Amateurs licensed in Japan. 
The new agreement, t e resu t o exten e negot at on t e . a t e rst nation to 
establish a reciproc:l agreimen: with :s;an), siou:d bLchmeUeSke:tiv: iaseptember. 

CALIFORNIA'S PROPOSED BILL OUTLAWING 800-MHz SCANNERS has been substantially tempered 
thanks to the efforts of attorney NbAIiU and others. California Senate Bill 1431 still 
prohibits the "malicious" use of 800 MHz: equipment designed specifically to eavesdrop on 
cellular radio, but includes exemptions fo; Akiateurs ana scanner buffs.- 

A Similar Threat Has Appeared On The National Scene, however, as a "discussion draft" 
of a U.S. House of Representatives bill-at would broadly extend present restrictions 
aeainst wiretaunine to all forms of electronic communications. " - r r -  

Telephone Company Concern Over Privac Of Cellular Communications is believed tollhave 
spawned this new bill , tentativelv titfi. -tronic Surveillance Act of 1985, as 
was the case with the.California iegisliition. 

USE OF 432 MHz AS A RELAY FREQUENCY FOR COMMERCIAL TV VIDEO has been requested in a 
reouest for waiver filed with the FCC b.r a Lake Havasu (AZ) low-vower TV station owner - - -  .. - - 

conhents-on the TV station owner's request (which he claims has iocal Amateur support) are 
due October 10; Replies are due October 28. Refer to PRB-2; include four copies plus original 

JORDANIAN AMATEURS WILL USE THE JY50-PREFIX November 7-21 in celebration of the 50th 
birt ay o n usse n, xtens . r e v i t y  on 160 through 10 meters, plus OSCAR, is 
pro$:ed, :irk fits JYgO QiglilOEin Eu: ope) good for a special award. 
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THE LUXOR 9900 KNOWS 

Where all the satellites are 

Up to 36 satellite locations can be programmed for instant recall. 
The antenna controller is integrated into the satellite receiver. The 
hand-held remote control activates a 3-speed actuator action 
which precisely locates the satellite : 
position for maximum signal receptior 

2 tunes the an tenna 

Where all the channels are 
Every channel on every satellite is individually factory programmed 
prior to delivery. All audio and video information is ready for recall 
automatically. As new channels are added they can be added to the 
program. The 9900 is ready to receive i 
information for up to 864 separate selc 

ndividu 
?ctions. 

al chan ~nel self 

All about stereo Hi-Fi round 
5 audio modes, factory programmed to inuividual transponders, 
deliver the right sound system autom when 
selected. Dozens of audio subcarric i be a 
program for audio only hi-fi enjoyment ( including Dolby@ Noise 
Reduction) in addition to television. 

latically 
ers car 

.. . 

a chan 
dded tl 
.. - 

nel is 
o the 
.. . 

ALL YOU NEED TO KNOW IS 
WHAT SHOW YOU WANT TO WATCH r /  lo) 
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LUXOR HAS ADVANCED THE 
STATE-OF-THE-ART T O  THE POINT 
OF ELEGANT SIMPLICITY FOR THE 
CONSUMER AND THE TECHNICIAN 

Each electronic innovation is incorporated to aid ease of weration, assure high performance reliability, and maintain outstanding quality of both picture and sound 

9900 Block Receiver 
Control Functions 
+ Integrated satellite receiver andantenna m t r d l s  

C-band (4 GHz) and Ku-band (12 GHz) capable. 
Remote control switchable. 
Satellite direct access. 
Transponder direct access. 

+ Built-in A10 switch. 
+"Normal" button return to factwy peS2t values. 

Built-in polarotor drive. 
Built-in RF modulator. 
Non-vdatile memory unatfeaed by power outages. 
Remote sensor inledam. 

Programs 
+ Factory programmed for indivdwl trampmdm on 

each satellite. 
+ Automatic c m t  audio systan f a c t ~ y  pmgram- 

med for each satellite and each tmmpmk 
+ Rogram capacity up to 864 individual se lec tk .  

audio video matched and fine tmed. 
+ Self-diagnostic micmprocessor. 
+ LED display of satellite, channel, audio system and 

signal strength 
Video Functions 
+ Luxor M~cro- Step" tuning system (LMS). 

Baseband audio and videooutplt for VCR maritor. 
+ Baseband input for other video sources. 

Bu~lt-in pdarity control. 
+ Built-in programmable TI filter. 

Raw video (unfiltered, unclamped) for descmbler 
connection. 

Audio Functions 
+ Audio subcarrier lrequency readwt. 

WideINarrow Bandwidth selection. 
+ Remote audio volume control. 
+ Remote stereo balance contml. 
+ Remote Dolby@ onloll 
+ 5 audio modes-2 mono. 2 matrix, and dixrete 

stereo. Automatic multiplex selection. 
Built-in s t m  Qmcessor. 

9902 Remote Sensor 
Contrds satellite system fmm any room. 
Low-cost add-on tor other TVs. 
Comescompletewith hand-held IR r m t e m t m l .  

+ Full-function, color-coded 
IR wireless remote control. 

+ Remote ONIOFF 
+ Discrete parental I&-out for individual channels. 
+ Remote mute. 
+ Vdume contml. 
+ Stereo balance. 

Channel UPIDown. 
t Video fine tune. 
+ Audio line tune 

Antenna fine tune. 
Satellite selection. 
Channel selection. 

+ Divided into 4 easy-to-read segments: Satellite 
selection, channel selection, tuning functions. 
sw~tch~nq (unctions. 

9904 Actuator Interface 
-- 

+ 36V power supply to antenna drive. 
+ Surge protected. 
+ Vdtage spikes protected. 
+ Design coord~nated with 9900. 
+ Can be wall-mounted out of sight. 

9906/9907 Stereo 
Loudspeakers 

+ Pdssive or active models. 
+ Up to 40 W per channel. 
+ 3 elements per side; tweeter, mid-tange and woofer. 
+ Magnetic shielded. 
+Automatic ONIOFF. 
+ LED ~nd'mtors; standby and active. 
+ Complete with line cable feed. 

f l  108 

9995 Block Satellite 
Receiver 
+ Add-on "slave" to 9900 multiple TVk installatim. 
+ Can lumtion as a stand-alone block receiver: 

C-band and Ku-band reception. 
+ Manually operated channel selection. 
+ V~deo fine tune. AH: defeat. 
+ Built-in VIH switch. 
+ Built-in antenna switch for satellite or local 

reception. 
+ Repmgramned audiohequencies6.2and6.8 MHz. 
+ Audio frequency selection 5.0 to 8.0 MHz. 
+ Widelnarrow audio bandwidth selection. 
+ Raw video output (unclamped, unfiltwed) for de 

scrambler connection. 
+ External TI filter input. 
+ Skew contml. 
+ Polamtor One m t r d  output. 

+ Denotes new features available 

Luxor High-Performance 
Microwave Block 
Downconverters 
Des~gned and cwtmcted lor mtinuous reliable per- 
formance, each Luxor unit is individually inspected 
and tested against all specification requrements. The 
Block Downconverter (30 dB gain rn~n.) is wed in 
conjunct~on with an LNA. The LNB Block Down- 
converter (60 dB gain min.) is an LNA and a Block 
Downconverter in one compact package. Each unit is 
weather-tight, rust-proof and fully warranted. 

5.lr And TwMd Srvlcr 
mw*mrica 

Canada: Evolution Technology (416) 335 4422 
Mexko: Klan SA 52 83 789 015 

LUXORQ 
Luxor (North America) Corp. 

600 108th Ave. N.E. Bellevue. WA 98004 



computer-aided 
audio filter design 

No adjustments necessary 
- just build it and it works 

Audio filters are a simple, inexpensive way of real- 
izing very high selectivity without any modifications 
to the transceiver (or receiver). A number of commer- 
cial audio filters are available, and many articles pro- 
vide designs. 

But I wanted an audio filter with specific features, 
including a very well-defined audio passband for CW 
applications; single-chip design (to minimize wiring); 
battery operation, with the lowest possible current 
drain to maximize battery life; and small size, for 
headphone-only operation. I also wanted to design and 
build this filter in just a weekend or two, and have fun 
doing it. 

Although the "weekend or two" evolved into about 
two months of evenings and weekends, the project 
turned out to be both entertaining and educational. 

Because I knew that two-pole bandpass or low-pass 
filters are very easy to design, I expected the project 
to be brief. The design equations are, after all, available 
in many reference books,' and I've listed them in fig. 
1 for convenient reference. Given the desired center 
frequency, 0, and gain, the correct Rs and Cs are 
easily calculated, (fig. 1). But a good audio filter re- 
quires that a number of two-pole filters be cascaded. 
So the question arises, what should the center fre- 
quency, Q, and gain of each two-pole section be? 
Should only bandpass sections be used, or should low- 
pass sections also be included? In other words, it's 
easy to design one stage, but it's not at all clear how 
to design three or four stages and know what the over- 
all bandpass characteristics will be. 

I approached this problem by writing a program for 
the Apple II + that allows the user to enter four sets 
of Q, H ( = gain), and F0 ( = center frequency or corner 
frequency). Each filter may be either a bandpass or 
low-pass type. The program then evaluates the 

response of up to four filters over a user-designated 
band, in 10 Hz increments. The combined response 
of the four filters is then plotted on the screen using 
the high resolution graphics mode. This allows a detail- 
ed examination of the overall filter bandpass curve 
before it's built. 

trial-and-error 
This method, then, is essentially a computer-aided 

trial-and-error process. Four sets of parameters are 
selected, and the computer plots the response. If one 
side of the plot is "sagging," the gain, 0, or center 
frequency can be changed and the new response plot- 
ted. It isn't very long before one gets a feel of what's 
going to happen when a given parameter is changed. 

By trying various combinations of Q, H, and F0 it 
takes surprisingly little time to obtain a filter that has 
a very flat top, and very steep skirts. Typically, it takes 
about ten tries; each takes less than 5 minutes. This 
means that a filter can be designed in about an hour. 
Figure 2 shows the bandpass characteristics of a 
three-stage design that was done using the above 
process. 

One might ask whether filters synthesized using this 
technique are the best of all possible filters that can 
be designed using up to four stages. This question 
may be addressed by comparing the results obtained 
using this method with the response of an ideal filter 
having an absolutely flat passband and infinitely steep 
skirts. It seems to me that passband flatness of better 
than 114 dB is pointless because you can't hear it - 
114 dB is not perceptible to the human ear. For prac- 
tical purposes, therefore, this filter is as good as the 
best obtainable as far as passband flatness is 
concerned. 

However, it is possible, and even probable, that bet- 
ter skirts can be achieved using different filter par- 
ameters or perhaps four stages instead of only three. 
It becomes a question of how much time one is will- 
ing to put in to achieve the desired improvements. 

By Dana F. Geiger, KEZJ, 42A Sandy Hollow 
Road, Port Washington, New York 11050 
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It's tempting to choose high Qs to improve the 
skirts. But this presents a potential problem because 
high Qs cause ringing. The rule of thumb I developed 
for choosing Q is: 

Q = 1 0 -  F0 

where F0 = center frequency in kHz. 
Example: At F0 = 500 Hz, the maximum O is 5. 
(Q = 10 1/2 kHz). 

This rule of thumb is derived by calculating that at 
40 WPM CW, a dot is about 25 ms long. This implies 
that the transient response of each stage of the filter 
should decay within 2 to 3 ms ( =  l / lOth of 25 ms), 
ensuring that the CW will not be stretched out by the 
decay time of the filter stages. 

0 

R I 

TC 

"IN -- -20 

500 600 700 800 9 00 

CENTER FREQUENCY l H z I  

tilter ,: c*nlar I,~~U.DCY I BZO o = 10 gem = 1 
ltlrar 2. center frequency = 670 0 a 10 qam = 1 
Iilter 3: c.nlar frequency = 740 0 = 5 gain = I 
csnarrc4le lnquencr = 700 
maaimurn gain = 0.197313292 

bandpesr characlcrirlicr of a three rlaga filler 
filter I .  center fquancy = a20 0 = 10 pain = l 
filter 2 can1.r frequency ; 670 0 = 10 gain r 1 
litter 3: center lrequencl = 740 0 = 5 gain = 1 

s s r  I,*~V.~CY = zoo 
maximum gal" = 0 197 

fig. 2. This shows plot of three cascaded bandpass filters 
(two poles each). 

- 
From the equation for a bandpass filter (see refer- 

ence 1 ), it is known that the decay time constant is: 

5 R 4  

decay time constant = Lk-Q..- (1) (2 ?r F0) 

c5 

1 
Vo 

L0w-p.s. ftl1.r 

Sol*cl: C2 = C 

I' m 1 
61- b t ~ ,  u o  1-2r.d C ~ l c ~ l . :  R4. = ,.; [. * ] 
C.i~"*t.: n . "' 

YHo + 11 C,lculate: R I  = tt 
S*l.ct: C5 r K . C2 

Ru,tsulat.: K = C5 co1cu*1.: & 
€2 

-rhl. qu.llon Is b c o m f l  In m1.m- 1 ,  bur ha. b n n  cornc1.d .bore. 

With the decay time constant selected at about 3 
ms, the above rule of thumb follows. This is really a 
somewhat conservative rule, and serves only as a 
guide. In the above example, a O of 10 is still not 
unreasonable, but a Q of 25 or 50 will create a music 
synthesizer, not an audio filter. 

The 3 dB width of the filter was selected as some- 
where between 150 and 200 Hz because it seemed to 
me that it would be difficult to tune in a signal with 
a substantially narrower filter bandwidth. A 200 Hz 
width represents only a very small rotation on the 
transceiver main tuning dial. Furthermore, there is a 
limit to how narrow the bandwidth can be made for 
a given CW speed. 200 Hz seems to be quite effec- 
tive in practice. 

After calculating the values of resistors and capaci- 
tors for the filter (using the design equations in fig. 
I),  it was not surprising that the calculated values were 
not standard 5 percent parts. However, the closest 
standard 5 percent values were substituted and the 
analysis program was then used to recalculate the filter 
parameters. 

This resulted in filter parameters that differed slightly 
from the originally synthesized values. For example, 
the initial Q of 10 became 9.9. To be sure that the 

+ 

0 

:: 

R I  

0 

"IN 
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R 4  r cs 

1 
0 - 
Yo 1. . 

bandpars lilter 
Gwen: Ho. 0, -v 1 = 2 - Y  

Select: C = C3 = C4 

i 
careulare: RI = 0 

H0u.C 

R2 = 
1 2 0 ~  - Hd,C 

R5 = 2 0  rac 

fig. 1. Design equations for single, two-pole (Al low-pass 
and (B)  bandpass filter. 



Simple construction techniques include point-to-point 
wiring on perfboard. 

overall filter characteristics didn't change substantially, 
the transfer function was replotted using the program. - . - 
If significant departures were observed, closer values 

Heart of circuit is contained in centrally located 14-pin 
DIP. 

of resistors were synthesized using parallel combina- 
tions of resistor pairs. The replotted bandpass curves, 
shown in fig. 3, can be compared to the original plots 
in fig. 2 to demonstrate how the use of practical parts 
has changed the filter. 

filter circuit 
The filter circuit is shown in fig. 4. The nomencla- 

ture for the resistors and capacitors follows that in 
reference 1. The entire circuit draws 1.3 mA from the 
9 volt battery, while delivering full volume into 8 ohm 
headphones. 

The performance was measured using a digital volt- 
meter (true RMS), a digital counter, and a function 
generator. In fig. 3, the actual response is plotted over 
the computer generated response. 

The nastiest problem was the presence of RFI in the 
headphones during transmit. W2CXK suggested lining 
the inside of the plastic box with copper foil. (A  metal 
box is probably best for the enclosure.) It was also 

Completed unit measures less than 3 x 5 inches 17.6 x necessary to use RF filters at both the input and out- 
12.7 cm). put to totally eliminate the RFI. 
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PACKET RADIO.. . 
... THE FASTEST GROWING PART OF 

AMATEUR RADIO TODAY 
is already providing high speed, error free, communications on many 
amateur bands for qso's, data transmission, emergency traffic, dx'ing, 
traffic nets, mailboxes, endless experimentation, and soon... 
satellite operation. * 

networks continue to grow, as does the number 
of hams who enjoy this new and exciting mode. 
The increasingly popular PACKETERM IPT i s  
tontributing to phenomenal growth in amateur . packet radio by providing a full function packet 
terminal in a compact, portable unit ... 

ALL YOU NEED FOR PACKET OPERATION 

IS A PACKETERM IPT AND YOUR RIG ! 
~esigned for true portability, the IPT is equally at home in your ham shack or 
(with its optional carrying case) treking in the country for battery powered 
hilltopping! 
A single cable connects t o  your transceiver .... thats all there is t o  it! 
Use i t  wi th your base station, mobile, or with your HT on that hilltop!!! 

FEATURES: * 9 inch portable terminaland full function tnc combined 

* * 66 commands available - the most widely used, f ield proven 

programming. 

* * Built-in LSI modem ; 300 o r  1200 baud, 200 or  1 kHz audio shift 

* * stores setup parameters with power  o f f  - uses l i thium battery 

* * custom "beacon" text -- your call, qth, etc. in permanent memory 

* * 74 key, full travel keyboard with 14 function keys for commands, 

calls, etc. 

* printer port - RS232C serial 

* optional printer, carrying case, and dc adaptor (13.8 VDC) 

packetem PRICES: IPT COMPLETE $995 
Box 835, Amherst, NH 03031 PRINTER $349 

(603)-673-6630 DC ADAPTOR $1 25 

Y IW TNC (BOARD ONLY) $275 
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N O T E S :  

I .  P A R A L L E L  COMBINATION OF 2 7 0 )  AND 6 8 0 1  GIVES 1 9 3 )  

2 .  P A R A L L E L  COMBINAT ION OF  4 7 0 k  AND 4 7 0 k  GIVES 2 3 5 k  
( S E E  NOTE 3 1  

3 .  R F C S I O  TURNS N 0 . 3 4  E N A M E L E D  WIRE ON F A I R - R I T E  
RFC ** * 

NO. 2 6 7 3 0 0 0 3 0 1  COREIRFC ISNOTCRITICAL MANY CORES WILL Wa911 

4. STEREO JACK I S  U S E D  TO ACCOMOOATE STEREO HEAOPHONES. 
OUTPUT TO 

5.  A L L  RESISTORS ARE 1 /4  WATT 5%. PRE-MEASURED PARTS 

RE  RIO 
3 3 k  1 0 0  

01, 0 2 = 2 N 3 9 0 4  OR EOUAL 

0 3 , 0 4 = 2 N 3 9 0 6  OR EOUAL 

6 .  C A P A C I T O R S  C l 0 . 0 1 )  A R E  POLYSTYRENE.  I % .  SUCH AS MOUSER NO 23PFUO 
HEADPHONES 0 2  

5 %  CAPS MAY BE USED w l r n  s o w  L o n  I N   ANDP PASS FIDELITY (SEE  NOTE 41  

7. UI - LM324 

01 

I i l l  
1 0 0  

i 

I N P U T  FROM (SEE NOTE 31 (SEE NOTE 11 

T R A N S C E I V E R  R F C I X I  R I A ,  193k 2 R 7 

Q '* l o o k  

6 8 0 L  * -- -- , 0 . 0 0 1  1-\ 0 .001  

m *' 2 . 2 b  

m 

fig. 4. Schematic of audio filter. 



10 X = FRE (8 )  768 I F  14 a I THEN 64 - FN H(W): GOT0 728 
20 PRINT : PRINT 716 I F  14  * 2 THEN G4 = FN LPIW) 
30 P I  = 3.1415926 720 R(1F - FBI I 101 a 61  1 62 t 6 3  1 6 4  
48 TEXT : HOHE 730 PRINT "RI~F;" l ) . ;RI IF - FBI / 181 
50 OEF FN L I X )  = LO6 1x1 I LOG (101 748 NEXT F 
60 REM LOGIX) I S  THE NATURAL LO6 I N  THIS BASIC. LO6 (181 I S  THE NATURAL 758 RE! ttttrtt*t*tttotrttttttttt?t*ftt  

LOG OF 10 (ABOUT 2,31. L I X I  I S  THE LOG TO THE BASE 10, AS REQUIRED I N  760 REH FIND THE LARGEST RESPONSE ILEAST ATTENUATION) I N  THE BAND. 
THE PROGRAM. 770 MAX = R IB )  

70 DEF FN HIWI = H8 I SBR 11 + ( Q  * 21 t IN I YO - WB I W )  A 2) 780 FMAX = FB 
80 OEF FN LPIW) = IH0 t Y f l  A 2 )  / SQR IN A 4 + IAL A 2 - 21 * IW " 2 )  * 790 FOR N = 8 TO RR6 - I 

lU8 A 2 )  t IY0 A 411 8 0 0 X = N + l  
90 REN tt#tttrtttttttrt#ttr,,rtttttttr~it 810 I F  R l X l  ) RIN) THEN MRX = R1II:FMAX = X t It t FB 
100 REV ENTER FILTER CHARACTERISTICS 828 PRINT N 
l 18 INPUT 'TODAY'S DATE: ';O$ 830 NEXT N 
128 INPUT YON MANY FILTER SECTIONS? l1,2,3 OR 4 ) :  "FS 840 REtl CONVERT TO OB WITH REFERENCE TO THE LARGEST SIGNAL. 
130 I F  FS = 1 THEN T2 = 0:T3 = 8:T4 = 4: GOT0 160 850 FOR N = 0 TO ARG 
140 I F  FS = ? THEN 73 = 0:T4 = 8: 6010 100 860 X = RINI  I MAI: REM NORMALIZE 
150 I F  FS = 3 THEN 74 = 0: GOT0 1B8 870 RIN) - 28 r FN L I X )  
I 6 8  I F  FS = 4 THEN IB0  880 PRINT N,R(Nl 
170 HOME : SOT0 128 890 NEXT N 
180 PRINT ' * * s t *  FILTER I * * t i * "  988 REN t t t t t t t r ~ t r t r t t t t t f i i t ~ t t t t t ~ ~  

198 INPUT 'BANDPASS OR LOUPASS'IB OR L l  : " T I  910 REB PLOT AXES 
200 I F  T t  = ' B V H E N  INPUT "CENTER FREQUENCY=";FI: INPUT "Q=";Fli: INPUT 920 HGR : HCOLOR= 3 

"GAIN=';HI:Tl = 1: GOTO 230 930 HPLDT 140,8 TO 140,159: REM Y AXIS 
218 I F  T$ = "L "  THEN INPUT 'CORNER FREQUENCY="iFl: INPUT "ALPHA-' ;AI: INPUT 940 HPLOT 6,6 TO 0,156: REN LEFT BORDER 

*GAIN=YiHI :T1 = 2: GOT0 230 958 HPLOT 279,f 10  279,156: REH RIGHT BORDER 
228 HOME : GOTO 189 960 HPLOT 0,156 TO 279,156: REtl X AXIS 
230 I F  FS = 1 THEN GOT0 4 I a  976 HPLOT 8,fl TO 279,1: RER TOP BORDER 
249 PRINT : PRINT ' 4 t t t t  FILTER 2 t t t t t "  988 FOR N I TO 27: REN X AXIS TICS 
250 INPUT "BANDPASS OR LOWPASS'(B OR L ) : " i T$  990 REM SCALE FRCTOR I S  2HZ PER PIXEL. THEREFORE I N  I 4 0  PIXELS, 288 H I  1 
266 I F  T$ = ' B V H E N  INPUT 'CENTER FREQUENCV=";FZ: INPUT "R=""iQ2: INPUT S DISPLAYED ON EITHER SIDE OF THE CENTER FREQUENCY 

"GAIN="iH2:TZ a I: 6010 290 I d # #  REM A TIC EVERY 18 HZ 
270 I F  T$ * ' LY  THEN lNPUT 'CORNER FREQUENCY*'IFZ: INPUT YkLPHA=UiA2: INPUT l 6 l l  HPLOT 141  + 5 f N,I56 TO I 4 0  + 5 * N1157 

"661N=VH2:T2 = 2: GOT0 290 1020 HPLOT 148 - 5 I N,156 TO I 4 6  - 5 t N,157 
2 8 1  GOT0 2 4 1  1621 REN : 308 AND 3008 LINES 
298 I F  FS = 2 THEN GOT0 418 1822 HPLOT 148 + 5 1 N,12 
310 PRINT : PRINT 'trot FILTER 5 * * * @ # "  1023 HPLOT I 4 6  - 5 4 N,12 
310 INPUT "BANDPASS OR LOYPPSS'IB OR L ) :  "iT$ 1824 HPLOT 141 5 4 N, 12) 
320 I F  T t  '8' THEN INPUT 'CENTER FREQUENCY='IF3: INPUT 'O="i03: INPUT 1825 HPLOT 146 - 5 * N,120 

"SRIN='lH3:T3 1: 6010 350 1030 NEXT N 
338 I F  T$ 'L' THEN INPUT "CORNER FREQUENCY=*IF3: INPUT VLPHA*"IAJ: INPUT 1146 REM A LIIRGE TIC EVERY 50 HZ 

"GRbI*.'iH3:T3 = 2: GOT0 350 1050 FOR N a I TO 5 
340 6010 300 1061 HPLOT I4B  + 25  NIB TO 1 4 1  + 25 * N,2 
358 I F  FS = 3 THEN 6010 410 1878 HPLOT 146 - 25 * N,0 TO 140 - 25 * N,2 
360 PRINT : PRINT 'ftttt FILTER 4 **r*tU l # 8 #  HPLOT 1 4 1  + 25 * N,156 TO 1 4 1  + 25 * N,15? 
370 INPUT "BBNDPPSS OR LOWPASS'IB OR L l : V T $  1098 HPLOT 140 - 25 * N,156 TO 140 - 25 t N,159 
386 I F  T$ = ' B V H E N  INPUT 'CENTER FREOUENCY=";F4: INPUT '5-YQ4:  INPUT 1111 NEXT N 

'6bIN='iH4:T4 = 1: 6010 410 I l l 8  FOR N = 0 TO 152 STEP 4 
398 I F  T$ = 'L' THEN INPUT 'CORNER FREQUENCY=YF4: INPUT "ALPHA=";A4: INPUT 1120 HPLOT 139,N TO I4 l ,N  

'6RIN="iH4:T4 = 2: 6010 410 1130 HPLOT O,N TO 1,N 
406 GOT0 360 1146 HPLOT 270,N TO 279,N 
410 PRINT : PRINT 1150 NEXT N 
426 INPUT 'STIIRTING FRERUENCY~VFB 1168 REM Y AXIS TICS AND LINES 
4 3 1  INPUT 'ENDING FREOUENCY*VFE 1210 HPLOT 136,40 TO 142,48 
440 AR6 I N 1  IFE - FBI I 10 1220 HPLOT 0,40 TO 2,48 
451  I F  RR6 ( = 8 THEN 60TO 426 1230 HPLOT 277,40 TO 279,48 
460 DIM RIARE) 1240 HPLOT 138,88 TO 142,BR 
470 PRINT : PRINT *CENTER FREQUENCY OF GRAPH" 1250 HPLOT 0,80 TO 2,80 
480 PRINT 1268 HPLOT 277,88 TO 279,88 
490 PRINT 'ENTER 'N' FOR MANUAL' 1261 HPLOT 13B,120 TO 142,120 
516 PRINT '(ANY OTHER CHARACTER DEFAULTS" I 262  HPLOT 0,126 TO 2,120 
5 1 1  PRINT ' TO AUTOMATIC.)' 1263 HPLOT 277,128 TO 279,128 
520 BET I$ 1270 REM X BXlS SCALE FACTOR I S  ZHZIPIXEL 
539 I F  H t  = ' t in THEN INPUT 'CENTER FREO="iFC 1288 REN Y AXIS SCALE FACTOR I S  1008140 PIXELS 
548 REH t t rr t t t r t t t r i rr t~ t t t t t4 t i rr t t t tXt~t t  1298 REM ttt ittttttt##ttttttt*ttttttt i**X 

556 FOR F = FB TO FE STEP I 8  1300 REN PLOT THE RESPONSE 
5 6 8 W = 2 t P I t F  1318 FF = FNAX 
578 o = 0 1 : ~ 0  = HI:## = FI t 2 t PI:AL = AI 1328 IF I I ~  = 'nu THEN FF = F C  
580 I F  T I  8 1 THEN 61  = FN HIM): GOT0 600 1338 FOR N : 8 TO 54 
598 I F  T I  = 2 THEN GI = FN LPIYI :  GDTO 600 1 3 4 8 X = 5 * N + 5  
610 I F  72  0 THEN 62 = 1: GOT0 640 1358 F = FF - 276 + 14 t N 
41% R = R2:Hb 8 HZ:## = F2 t 2 t PI:AL = A2 1360 I F  F ) FE THEN I 4 8 8  
620 I F  1 2  = I THEN 62 = FN H(Wl: GOT0 640 1370 I F  F ( FB THEN 1488 
630 I F  T2 = 2 THEN 6 2  * FN LP(Y1: GO10 448 1388 Y = 4 t ABS IRf  (F  - FB) I I811  
646 I F  73 * fl THEN 63 = 1: 6010 680 1385 REM FACTOR OF 4 BECAUSE THERE ARE 4 PIWELS PER OB. THIS ESTABLISHE 
658 Q = Q3:HI = H3:WP = F3 * 2 t PI:AL A3 S THE SCALE FACTOR ON THE SCREEN. 
668 I F  7 3  = I THEN 63 . FN HIM): GOT0 680 1398 I F  Y > 159 THEN 1488 
670 I F  73 = 2 THEN 63 = FN LP(Y1: GOT0 688 
68B I F  14  = 0 THEN 64 = I: GOT0 728 
690 0 = R4:HB = H4:WB = F4 * 2 * PI:AL = A4 fig. 5. Plotting program listing. 
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fig. 5. (continued) 

1400 YL = Y - 2 :YU=  Y + 2 
1411 XL l - 2:XU X t 2 
1420 I F  YL < 0 THEN YL = 0 
1438 I F  YU ) 159 THEN YU * 159 
1449 I F  XL ( 8 THEN XL = 0 
1451 I F  XU ) 279 THEN XU = 279 
1468 HPLOT XL,Y TO XU,Y 
1476 HPLOT X,YL TO I,YU 
I400  NEXT N 
1490 PRINT 'CENTER FREQ='iFF,"6AIN='iMAX 
1568 PRINT "PARRIETER HRRDCOPY' IY OR N ) "  
1518 GET Y $  
1520 I F  YS = ' Y '  THEN GOSUB 1578 
1539 I F  Y $  = 'N' THEN 1550 
1540 6010 15118 
1550 END 
1568 RE! t t t t t t t t t t t t t t t t t t t~t f t t t t t t  

1570 REIl MAKES HARDCOPY OF PRRRIETERS. 
1580 PR1 I: RE! TURN ON PRINTER 
1590 PRINT DS 
1b86 H0 = H1:O = Q1:F = FI:AL : 81:TS = 'FILTERI:' 
1410 I F  T I  = 1 THEN SOSUB 1810: HEM FOR BPF 
1628 I F  T I  - 2 THEN SOSUB IEhfl: REM FOR LPF 
I 6 3 0  I F  72 = 8 THEN 1670 
l44B H6 - H2:P = 02:F 1 F2:AL * A2:TS = 'FILTER2:' 
l b 5 1  I F  72 = 1 THEN GOSUB 1810 
l b 6 I  I F  T2 - 2 THEN 60SUB l 8 b l  
l b 7 8  I F  73 * I THEN 1710 
1b80 H I  = H3:Q 03:F = F3:AL = A3rTS 'FILTER3:' 
1490 I F  13  I THEN 60SUB l E l l  
1708 I F  13  8 2 THEN 60SUB l a b 0  
1710 I F  T4 * 8 THEN 1760 
1720 HO 8 H4:Q = 04:F * F4:bL A4:Tt - 'FILTERI:' 
1730 I F  T4 = I THEN 60SUB 1018 
1740 I F  14  = 2 THEN GOSUB 1868 
1751 PRINT 
1760 PRlNT 'CENTER SCALE FREQUENCYa'IFF 
1771 PRlNT ' I IAXI IUI  6AIN='iHAX 
1788 PR# 8: RE! PRINTER OFF 
1798 X = FRE (I )  
1009 END 
1 8 l l l  RE! ttttttttottttttttttttttttt 

I 8 2 0  RE! PRINT ROUTINE FOR BPF'S 
1830 PRlNT 
1848 PRlNT 1s; '  CENTER FREQ=' iF i9 O= ' iQ i '  6AIN='iH0 
1850 RETURN 
]8b# REH t t t ~ t t ~ r t ~ t t r t r t t t i t t t t t t t t  

1078 RE! PRlNT ROUTINE FOR LPF'S 
l B B l  PRINT 
1898 PRINT TS;' CORNER FREQ='iF;' I I LPHA= ' iRL i "6k IN= ' ;H f l  
1911 RETURN 
1911 RE\ tttttttttttMtttttttttt~~t 

I have used this audio filter on the air with my 
FTIOIZD, which has very good selectivity by itself. Yet 
the audio filter provides a very substantial improve- 
ment in reading the CW signals through QRM or QRN. 
It is important to have a means of switching the filter 
in and out during a normal QSO. Even a small amount 
of drift of either station will throw the signal out of the 
passband. It is then necessary to revert to wideband 
operation (that is, filter off) to find the other station 
again! This is accomplished with the onloff switch 
shown in the schematic. The signal is directly routed 
to the headphones in the "off" position 

I 0  TEXT : HOME 
2 8  X * FRE ( I 1  
3 8  PRINT : PRINT 
4 0  P I  a 3 ,1415926  
SB PRINT 'SELECT THE DESIRED FUNCTION BY NUNBER 
6 8  PRlNT 
7 8  PRINT ' 1 )  DESIGN BANDPASS" 
8 0  PRINT 
9 8  PRINT '21 ANALYZE BANDPASS" 
180  PRINT 
118 PRINT '31 DESIGN LOWPASS' 
120  PRlNT 
138 PRINT '4)  ANALYZE LOWPASS" 
I 4 8  PRINT 
158  PRINT "5) €WIT' 
l b 0  6ET S 
170  ON S GOTO 218,488,628,938,618 
100  GOT0 10  
190  RE! rttttrttttttrttrtrttttttttttttt 

2 0 0  RE! BPF DESIGN 
2 1 0  HONE 
2 2 0  INPUT "GAIN=*;H0 
2 3 0  INPUT '0=";0 
2 4 0  INPUT "CENTER FREQLJENCY Y HZ) ="F0 
2 5 0  Wfl = 2 t P I  F 8  
2 6 0  INPUT "SELECT C ( U F ) * y C  
2 7 8 C = C t 1 8 ^  - 6  
2 8 8  R1 r Q I l H 0  r Y0 4 C) 
2 9 8 R 2 = Q  l I ( 2  4 Q A 2 -  H8) I W 8 r  C) 
3 8 0  R5 = 2 t Q I (H0 4 C) 
3 1 0  PRlNT 'Rl= ' ;RI  
3 2 0  PRINT "RZ*.";R2 
3 3 0  PRlNT 'R5=VRS 
3 4 0  PRINT 'ANOTHER DESIGN' (Y OR N ) "  
3 5 0  GET Y$ 
3b0  I F  Y$ = ' Y V H E N  GOT0 2 1 0  
3 7 0  I F  Y$ = " N V H E N  GOT0 1 0  
3 8 8  GOTO 3 4 8  
3 9 0  REN rrrt tr t tr t i rr t+tr tr t t t ia t tr  
4 0 1  REM BPF ANALYSIS 
4 1 0  HOME 
4 2 0  INPUT "R I (KOHt4 )=V iH I  
430  R1 = R I  t I 0  * 3 
4 4 0  INPUT "RZ IKOHt l )=VR2  
450  R2 = HZ 1 0  A 3 
4 b l  INPUT "R51KOHM)=";H5 
470  R5 = R5 1 I  A 3 
4 8 0  INPUT "CfUF)="iC:C = C 4 10  A - b 
4 9 8  Hfl : 1 1 ( 2  + ( R I  I R511 
5 8 0  I # :  SQR ( ( 1  I I C  f C t R 5 ) )  t ( ( 1  / R l l  + ll / R 2 ) ) )  
5 1 8  A = 1 1  SQR I l l  I R 1  t I /  R Z I  t R 5 )  
5 2 8  Q = 1 / I 2  t A) 
5 3 8  PRINT 'GAIN=';HP 
5 4 8  PRINT " Q = ' i Q  
5 5 8  PRINT 'FB=";Hfl 1 ( 2  t P I 1  
5 6 0  PRINT "RNOTHER EVALURTION (Y OR N)? "  
5 7 8  6ET Y t  
5 0 8  I F  Y I  = ' Y V H E N  PRINT : G W 0  4 2 8  
5 9 0  I F  Y$  = 'N' THEN 1 0  
6 8 0  GOT0 5 6 8  
b I 0  EN0 
6 2 8  REM tittttfittttttttttttttttttt 

b 3 8  REB LPF  DESIGN 
6 4 8  INPUT 'LOW FREP GAIN lHB)="iHfl 
6 5 0  INPUT "ALPHA 1(21*";AL 
6 6 0  INPUT 'BREAKPOINT FREO=VF 
6 7 0  Y0 = 2 * P I  I F 
b 0 0  INPUT 'C2 (UF)=';C 
6 9 0  K = I A L A  2 )  / I 4  4 (H0 t 1 ) )  
7 8 8  PRlNT UCHOOSE CS (=';K * C i V U F ) "  
7 1 0  INPUT "5 (UF)=';CS 

fig. 6. Designlanalysis listing (continued on page 22). 

October 1985 5 21 



@mm COMMUNICATIONS 

All Mode Bipolar Mobile Amplifiers 
5123 150 Watt 2 Meter Amplifier. 25 Watts in = 150 + 5121 150 Watt 2 Meter HT Amplifier. 2 Watts 
out; 10 in = 90 out. Optional Rx Preamp. List $235 in = 150 + out; 1 in =90 out. Optional Rx Preamp. 

5124 120 Watt 1 'h Meter Amplifier. 30 Watts in = 120 List $285 

out. 10 in = 80 out. Optional Rx Preamp. List $240 5122 150 Watt 2 Meter Multi Purpose Amplifier. 

5125 100 Watt 70 Cm Amplifier. 30 Watts in = 100 10 Watts in= 150+ out; 10 in  =50 out. 

List f 305 
Optional Rx Preamp. 

out; 10 in = 40 out. List $275 

MOSFET BaselRepeater Amplifiers 
These all mode amplifiers, with the low noise advantages of MOSFETs, require a 13.6 Vdc power 
source (except as noted). Mounted on an 83h"rack panel with a large heat sink, they are designed 
for continuous duty at full power output when cooled with a small, customer supplied, fan. Mount- 
ing provisions and control thermostat are supplied. 

4111 100 Watt 2 Meter Amplifier. 20 Watts in=  100 5113 50 Watt 2 Meter Amplifier. 6 Watts in =50 out; 
out; 10 in =90 out; 2 in = 30 out. List $335 2 in = 25 out. No fan needed. NEW List $275 

4112 100 Watt 1 I/. Meter Amplifier. 25 Watts in = 100 4114 100 Watt 2 Meter Amplifier. 2 Watts in = 100 
out: 10 in = 70 out: 2 in = 25 out. List $335 out; 1 in = 80 out. List 3395 

5142 100 Watt 70 Cm Amplifier. 30 Watts in = 100 out; 
10 in = 40 out. Bipolar, not MOSFET. NEW List $415 

SEE YOUR LOCAL DEALER 

e'-ALCoFJ COMMUNICATIONS 
PO Box 8979 

Newport Beach, CA 92658 
(71 4) 760-3622 
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720 I F  CS ) K * C THEN PRlNT 'TRY 16AIN.,': 6010 7 1 1  
730 K = CS I C 
7 4 8 C * C * I E - b  
750 D = SOR I 1  - 4 + K + ( H I  * 11 / AL A 21 
768 R4 = IRL I I 2  l K * YO I C I I  * I 1  + D l  
770 S4 = fAL 1 12 * K * Y I  * C l 1  * 11 - 01 
788 R3 = 1 I l l Y 0  A 21 * K r I C  A 21 + R4I  
790 S3 I I l l Y 8  A 21 t K * IC A 21 + S4I 
800 R l  = R4 I H8 
810 S1 = $4 I H0 
820 PRINT 'Rl=' i  I INT (1166 + R I I I  I 1Ebf '  KOIIS' 
838 PRINT 'R3='1( INT 11108 + R311 / I f h i '  KOHIIS' 
840 PRINT 'R4='; I I N 1  I I f l 8 0  f  R I I I  I 1Eb;' KOHRS' 
858 PRINT ' l f i r l r l f  OR t+t+f+++' 

840 PRINT 'R I '= ' f I  INT (1000 * S I I I  I I E b i '  KOHIS' 
878 PRINT 'R3'm.i I I N 1  I l l # #  I S 3 I I  I 1Eb;' KOHRS' 
888 PRlNT 'R4'=';f I N 1  l l # 0 9  + S 4 l l  I I E b i '  KOHMS' . 890 PRINT 9lNOTHER DESI6N7 IY OR N l '  
9OB 6ET YS 
918 I F  YS = 'Y' THEN 420 
920 6010 I 0  
938 REN trl*+#r+*rlrl*f+rtt*+*l+**+* 
940 REH LPF ANALYSIS 
938 INPUT 'Rl lKOHISl=' IRI 
968 INPUT 'R3 IKOHISI='IR3 
970 INPUT 'R4 IKOHISI='IR4 
980 lNPUT 'C2 IUFl=' IC2 
998 INPUT 'C5 IUFI-'ICS 
l 0 0 #  R I  = R I  I IE3:R3 = R3 f  IE3:RI = R4 + 1E3 
l 0 l d  C2 = C2 * I E  - b:C5 = C5 * I E  - b 
lOZQ HR = R4 / R I  
1038 Y8 = SQR (I 1 IR3 I R4 I CZ I C511 
I f 4 8  AL = I SQR IC5 / C2I I * I SBR (R3 / R4I  + SOH fR4 / R31 + I 1  / R11 1 

SOR fR3 f  R 4 l I  
1850 PRINT '6AIN=';HO 
1060 PRlNT 'CORNER FREO='IYI I I 2  * P I 1  
1878 PRINT 'ALPHA*'iAL 
I 0 8 0  PRlNT 'ANOTHER ANALYSIS' fY OR N1' 
l d 9 8  6ET Y l  
1180 I F  Y t  = 'Y' THEN 930 
I l l 0  6010 10 

fig. 6. (continued). 

the plotting program 
The program proceeds in the following sequence: 

'lnforrhation is requested by the program, and 0, 
gain, and center frequency are entered for up to four 
filter sections. The desired frequency range and place- 
ment of the "y" axis are also entered. 

The response is calculated over the frequency range 
in TO-Hz increments and stored in an array. 

The largest response is determined. 

Each element of the array is normalized and con- 
verted to  dB with respect to the largest array element. 

The results are plotted on the high-resolution 
graphics screen. The "y" axis is marked in 1 dB steps, 
and 1 pixel is 1 /4 dB. Therefore, the resolution is 114 
dB. The "x" axis is marked in 10 Hz steps. Each pixel 
represents 2 Hz; hence the resolution is 2 Hz per pixel. 

The "y" axis is always in the middle of the screen, 
and there is always a span of 280 Hz on either side 

of the "y" axis. The program prints out the frequency 
corresponding to the "y" axis, which calibrates the 
graph. 

In the automatic mode, the graph is plotted so that 
the maximum response is always on the top of the "y" 
axis. This ensures that the most significant points will 
appear. In the manual mode, the "y" axis frequency 
is specified by the user. This allows examination of 
points outside the 560 Hz span, or placement of the 
"y" axis at the center of the response curve, even if 
it's not the peak. 

A listing of the plotting program is provided in fig. 5, 
and the design/analysis program is listed in fig. 6. An 
Apple ll + disc ( 5 1  I4  inch, DOS 3.3) with the program 
and design notes may be ordered from Electronics Un- 
limited, 42A Sandy Hollow Road, Port Washington, 
New York 11050. The price is $25 (postpaid). 

reference 
1. J.G. Graerne, G.E. Tobey. and L.P. Huelsrnan, PhD., OpenrtionslArnpli- 
fiem - Design and Applicarion. McGraw Hill, 1971. 

ham radio 

I Now you can get i n  on the fun i n  packet radio! I 

' Eisr  10 ham. easy to oplat. 
Bull1 In Pack01 M d e m  and CW 1d.ntlllullm. 

'Us. .Ilh a rompvf~r. Ihrmlnalol P k t w  
M.<hl". 
' 1.mm.1. ASCII or mUW$ 4s to (MO bud. 
' Rlala L ln t  S p M ,  01 IW. MOO, ID bud. 

Dlom.llcally s . I ~ I s  A I . 2 8  r VADC.,. 
R.msl* R.p..lw Command M b u l  

'Full l d i  i p . 1 ~  0 p l ~ l i O O  tn A I  21 
.o., wlommanes 
' S l o n l  ~ m r l l n d  rn.ln0.s lor -1. *.dm. 
A b l e  Io  dlnpia 0lh.rcal1s m l l ~ ~ a n n c t l d .  

"BlOci" and f8nspar.B" mod., lordal l  I lk 
0 rr.,., I ,  ." "".ll.ndM d8plp.l.l . -&,,... mod. 
Slpn.I$ ~v.11161. lor 1 ~ 4 0 1 p  Molol M I O I .  
Stlndard m.mov is (I. .lpmnd.bl. I0 l4K. 
U l K  RAM ars8llbl. on lo.ri.l 0rd.l 

MODEL PKI  

SPECIAL PACKAQE DEAL1 t t 
Amatsura Only 

I n c l u d e s  PKl ~ n s t a i l ~ d  In 
c a b l n e l  w l c a b i e  sel d pwr rupply 

s229e5 
(if Pushlsed r a ~ a r a i e l y  1241.851 

PK1 . FCC CERTIFIED - wired and tested in cabinet $209.95 

PKIS . Subassembly board . wired and tested Sl64.95 

PKDOC - Documentation only - Refundable on first PK1 
purchase $ 9.95 

Pleaw apeclly Call Slgn. SSlD Number, and Node Nurnbr *hm Mdrrlng 
Conlacl 018 loraddIfIon~l into andarallabls opllons. 

I Wd otter I compfets IIM 01 Innsmlnsn and m r w o  sfrips. pm&)w 
pmrrnps. CWID'm 6 synfhesinrs lor smrleur 6 ~mmsrci~luse. I 

I Rsqwsl our FREE cslslog. MC 6 V i u  ~wlcoms. I 
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COST SO LITTLE!! 

MODEL CS-16 $1 64 ~matmur n.1 MODEL CS-1688 $1 89 ~mateur net 

Two independent user programmable Our new CS-1688 is the most powerful 
three digit passwords permit hierarchy touch tone controller in the industry! 

DIP switch programmability allows 
The secondary (user) password can you to choose any of these ten 

OUTPUT FUNCTIONS 
However full 16 function control is 0 1 2 3 4 ~ 6 7  B ~ O ~ I A B C  

available to control operators using 0.7 (IIIOUP 

the primary password. Additionally 1 B LATCHID and B MOMENTARY 

secondary password access can be 
3, MOM,,NII\A) 

enabledldisabled with a special . H MUMI IIIIIH, dl* I OF R SFL LC' 

primary password command. 5 I OF tl S t l E l  1 6 MOIAENIIIRI 
6. 3 OF R Sf Lfi T arxl I OF 8 SELECT 
I I O F B S I L F t T  .$n%l 8 LXILHED 

Our CS-I6 puts repeater control 8 16 L~~~~~~ 

ops. . .IN CONTROL. 10 9. t or ,i, SCLFCI 
(4, IAOMFNTAnY 

COMMON FEATURES 
Open collector (can drive relays open collector or data strobe loglc 
directly) and logic outputs for each outputs 
of the 16,functions Operates from 10-25 *olts DC. 
881.202 central office quality XTAL Reverse polarity protected 
controlled tone decoder 4 % "  x 6%" glass board with 44 
Adjustable pre-amp accommodates pin gold plated edge connector 
10MV-2 volt input Comes complete with manual and 
Retransmission of control tones mating connector 
can be eliminated by use of either ~ d d  a.w pan Californ8a residents add sales lax 

Call or write for information on these signaling products also: 
Model CS-10 DIP relay board.. .packages 10 DIP relays. 
Model CS-100.. .A 19" rack mount that houses a control card and two 
Cs-lo's. All inputs and outputs available on convenient barrier strips. 

TYPICAL REPEATER CONTROL APPLICATIONS 

HllLO POWER - PUCOR - TIGHTLOOSE SOUELCH - OPENICLOSED SOUELCH - 
REPEATER ONOFF - AUTOPATCH ONIOFF - TOLL RESTRICT ONOFF - RINGBACK ONDFF - 
LONGSHORT HANGTIME - ANTENNA 1lANTENNA 2 - REMOTE BASE ONlOFF - F,IF, - 
AUX LINK ONOFF - TONE MUTING ONIOFF - SPARE TRANSMITlER INOUT - ETC. ETC. 

SELECTOR MODE APPLICATIONS 

1 OF N FREQUENCIES - 1 OF N PHONE LINES - 1 OF N ANTENNAS - 1 OF N REPEATERS ETC. 

'9731 Madison St. 
CA 9050! a 

'8T 
: 

'STEMS 
ORPORK 

L 

T 
TED P 

orrance, 
'hone (21 

The "Flying Horse" 
has a great new look! 

It's the biggest change In Callbook hlstory! 
NOW there are 3 new Callbooks for 1986. 

The North American Callbook llsts the 
amateurs In all countrles In North America 
plus those In Hawall and the U.S. possessions. 

The lnternatlonal Callbook llsts the calls, 
names, and address lnformatlon for llcensed 
amateurs In all countrles OUblde North 
Amerlca. Coverage Includes Europe. Asia. 
Africa, south Amerlca, and the Paclflc area 
(excIusIve of Hawall and the U.S. Posses- 
slons). 

The Callbook Supplement Is a whole new 
Idea In Callbook updates. Published June 1, 
1986, thls Supplement wll l  Include all the 
actlvlty for both the North Amerlcan and 
lnternatlonal Callbooks for the Preceding 
6 months. 

~ubl lcat lon date for the 1986 Callbooks Is 
December 1. 1985. See your dealer or order 
now directly from the publisher. 

 north American Callbook 
Incl. shlpping wlthln USA $25.00 
Incl. shipping to forelgn countrles 27.60 

0 lnternatlonal Callbook 
Incl. shlpplng wlthln USA 524.00 
Incl. shlpplng to forelgn countrles 26.60 

o callbook Supplement, published June 1 s t  
incl. shlpplng within USA 513.00 
Incl. shlpplng to forelgn countrles 14.00 

SPECIAL OFFER 
o Both N.A. & lnternatlonal Callbooks 

Incl. shlpplng wlthln USA 545.00 
Incl. shlpplng to forelgn countrles 53.50 

, . . . * * . * * * * *  
llllnols residents please add 6Y4% Sales tax. 
Al l  payments must be In U.S. funds. 

RADIO acallbPok AMATEUR NC. 

Dept. F 
925 Sherwood Dr.. Box 247 
Lake Bluff. l L  60044. USA 

Tel: (312) 234-6600 
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the fox box 
a direction-finding tool 

Add this 
compact unit to your 

r rig 
and catch that fox 

- quickly 

This is a circuit intended for 2-meter fox hunting. 
This inexpensive and easy-to-build device, nicknamed 
the "Fox Box," is a remote signal-strength meter and 
wide-range variable front-end attenuator that, when 
needed, quickly attaches to your 2-meter FM trans- 
ceiver. Because this article is written for beginners as 
well as experienced hunters, I've also included a photo 
and construction details for a simple, low-cost, two- 
element 2-meter quad. I claim no originality for these 
circuits, except perhaps for some refinements that I 
have made after doing numerous modifications to 
friends' radios. Similar schemes have been circulatng 
among fox hunting groups for some time. 

Let's consider the two basic parameters a fox hunter 
works with: directivity and signal strength. Directivity 
is provided by either a manually-orientated antenna 
array, or via the use of an automatic doppler-shift 

In either case the radio's internal S-meter 
is used to indicate signal strength. Unfortunately the 
limited dynamic range, and compressed nonlinearity 
on strong signals, of most FM radio metering circuits 
requires the use of an external attenuator to limit the 
signal levels reaching the receiver. The Fox Box allows 
precise control of the receiver gain to assist with the 
antenna orientation. 

After using the Fox Box for a short time the fox 
hunter develops a feel for distance based on exper- 
ience with the meter readings and the amount of atten- 
uation required. Fox hunts are won or lost in the last 
mile; hunters without good attenuators are often mis- 
led into looking for the fox far from the actual hiding 
place. They're still half a mile out and have full-scale 
readings regardless of where they point their antennas. 

By Peter Bertini, KlZJH, 20 Patsun Road, 
Somers, Connecticut 06071 

J I  (F IG.  2) 
(SEE TEXT1 

mP:-,FFIEr+ H M E T E R  C I R C U I T  

Excepl as indicated, decimal 
values of capacliance are in micro. + ads farads (pFJ; (rF); rsslslances olhsrs are are in picofar- in ohms. 

@ 
k = 1,000 M = 1,000,000 

C A 3 0 8 9  rjy;-: CLEGG M E T E R  

J I  (SEE T E X T 1  
68k 

@ 

fig. 1. Representative 2 meter FM transceiver (meter) 
detector circuits: (A )  commonly used by ICOM, Ken- 
wood, Yaesu, KDK, and Azden. R3 is determined empiri- 
cally; refer to table I and text. (8) Clegg FM-DX uses the 
CA3089 FM system IC. 68 kilohms is about optimum for 
the Radio Shack 50 pA meter. 
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a better way 
Many hunters rely on external attenuators using 

resistive elements to reduce strong signals. But most 
external attenuators are at best cumbersome, and the 
minuscule S-meters adorning FM transceiver front 
panels are at best useless. LED bargraph displays fare 
no better, their resolution is coarse, and often the 
display will not show signals that are plainly audible. 
External attenuators suffer from other problems. Stray 
RF pickup (through the power leads and through leaks 
in the radio enclosure) limit the amount of external 
attenuation that may be used. Hunters, in the heat of 
competition, have forgotten about their inline attenu- 
ators and attempted transmissions, only to be re- 
warded with a wisp of smoke and charred resistors. 
The Fox Box eliminates these problems. 

will it work on my radio? 
The external metering and attenuator control box 

built for a Clegg FM-DX transceiver is shown in photo 
1. I've also provided details for several popular trans- 
ceivers (see fig. 1, table 1). This selection is not arbi- 
trary - these radios best exemplify all of the varia- 
tions encountered while modifying several other dif- 
ferent transceivers. 

table 1. Resistors (as specified in owner's manuals or 
in service manual schematic diagrams) that must be 
rerouted for the external attenuator modification. 

transceiver resistors 

Azden PCS2000 R4, R5, R10 
Clegg FM-DX RX-8 feed 
Clegg FM-28 RX-8 feed 
ICOM IC-22s R7, R13 
KDK FM2025 R4, R13, R17* 
Kenwood TR7950 R7, R15, R21 
Kenwood TR7850 R5, R13 
Kenwood TI37600125 R41, R34. R35 

(Denotes res is to rs  i n v o l v e d  in t h i r d  s t a g e .  

The Fox Box will work on any 2-meter transceiver 
using MOSFET devices in the front-end circuits. It 
should work as well on JFET circuits, too, although 
this has not been tried. Some transceivers made in the 
1960s and early 1970s used bipolar technology in the 
first RF stages; a different approach will have to be 
used in these vintage radios. Several likely methods 
of controlling bipolar front-end stages are noted in this 
section. 

the internal attenuator 
The internal attenuator circuit is a very useful 

modification. The Fox Box provides only a DC con- 
trol level for setting the attenuation, and all RF remains 
contained within the radio (see figs. 2,3,4). Most FM 
transceivers use two dual-gate MOSFET devices 

Ercapl as indlc#1ed, decimal I 
values 01 c ~ p c l l ~ n c s  are in mloo. 
farads GF): others are b pkohr.  I 
ads (pFJ; rerblancer are In ohms. 

r - - - - - I  I 

DETECTOR (F IG .  I )  
(SEE  T E X T )  

I * FOX - B O X  I I FM T R A N S C E I V E R  
L - - - - - J  L - - - - - - - - - - - - -  

fig. 2. Fox-Box circuit includes remote box with auxiliary 
meter and attenuator (see photo 1) and FM transceiver 
interface. Diodes and a I a S o h m  current limiting resistor 
protect the meter from accidental damage. Trimpot R1 
(5 kilohmsl is optional, (see text). In the modified radio, 
resistor R3 sets the full-scale reading for meter MI. The 
active circuit components for the attenuator are 
mounted in the radio. 

in the front end - the first as the RF amplifier and 
followed by another in the first-mixer stage. Some 
radios have a third MOSFET, employed as a post- 
mixer amplifier, after the first crystal filter. When 
present, this stage may also be placed under attenu- 
ator control (more on these radios later). Figure 3 is 
a generic receiver front-end circuit, representative of 
the almost universal approach followed by VHF FM 
transceiver manufacturers. 

A regulated voltage source, normally between 8 and 
9 volts, powers these stages. By changing this voltage 
the receiver's gain is controllable over a very wide 
range. While this is a brute-force approach, it is also 
very effective. The attenuator modification consists 
of installing a MPS-A14 Darlington transistor in series 
with the supply voltage to these stages. Forward bias, 
supplied through a base-to-collector fixed resistor, 
keeps the transistor in full-conduction, thus permitting 
normal receiver operation with the Fox Box discon- 
nected. When the Fox Box is in use its internal 
potentiometer, in conjunction with the fixed-value re- 
sistor, forms a variable voltage divider, the MOSFET's 
supply voltage can then be set from about 7 volts 
down to zero volts for full attenuation (fig. 2). 
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RECEIVER B - 9 VOLT 
- - -  - REGULATED SOURCE 

X X 

( P A R T  OF F O X - B O X )  

ANTENNA 
Except as lndlcaled, dedmal 
valuel 01 ~ a p a c l l a n ~ e  arb In mlcro- 
lsrads ("Fk olhera snr In pbobr- 
ads 1pFk reslslancss are m ohms. 
k = 1 . W  M = 1,OW,WO 

1nm 
I).dIo Shack 
~ . n  number i;:f$$ ~ ~ f ~ ~ , ; ~ " , " m ,  274.284 

3canducror msr-lack, 
I /E-bch (3.5 mm) 274.250 

6 r 3-3/16 x 1-7,# inch 270-223 p*.llc c.s. 
50 MfOOI?Wm pMI,-mrtw 270-1751 
10 klhhm audh-taper 
pt.ntlometer. W I ~  A 

, 211-1121 

q u a 1  ID mblmum mslslance: 
lull .Il.nu.llon 
5-kllohm l d m p r  (see text) 271-217 

fig. 3. Typical 2-meter receiver front end includes internal attenuator installation details. 

A few comments on attenuation systems for bipolar 
stages: one possibility involves shunting the base-bias 
resistors. The RF amplifier will probably be biased for 
class A operation, and the bias will most likely be 
developed across a resistive voltage divider. An ex- 
ternal potentiometer may then be used to lower the 
forward bias, thus reducing the stagegain dramatically. 
A good rule of thumb is to use a resistance three to 
four times the value of the base-to-ground resistor. 
For example, if a 5.6 kilohm resistor is used, a 20 
kilohm potentiometer will work well for the attenuator 
control. Normally the base-biasing resistors will be cold 
- that is, no RF will be on them. If they're in the RF 
path, suitable RFdecoupling chokes and bypass capac- 
itors will be needed. Figure 4 shows suggested attenu- 
ator installations for bipolar RF stages. 

the remote signal-strength meter 
The Fox Box also contains the external S-meter 

(photo 11, an inexpensive, 2-1 I 2  inch (6.33 cm) move- 
ment, large enough so that small signal-strength varia- 
tions are readily observed. With a sufficiently long 
cable attached, the Fox Box attenuator and meter per- 
mit quick antenna orientation while away from the 
mobile-radio installation. (My relative signal-strength 
metering circuit is shown in fig. 2.) Most FM 
transceiver signal-strength display circuits use two 
diodes in a voltage-doubler configuration to sample 
the RF levels at the IF stage output (fig. I A ) .  The 
Clegg FM-DX transceiver is an exception: it uses an 
RCA CA3089 chip for the IF amplifier, FM detector, 
and meter driver. Pin 13 of the CA3089 produces an 
increasing voltage proportional to the input signal. The 
Radio Shack meter is a 50-j~A movement - a series 

current-limiting resistor (R3) is used between the meter 
and IF detector. About 68 kilohm is needed for the FM- 
DX (figs. 16, and 2). In all cases the resistor is fine 
tuned to produce a full-scale reading with a full satura- 
tion input signal. Sometimes the no-signal meter 
reading will idle above the zero mark; this is normal 
for some radios and results from detected noise pro- 
duced by some high gain IF systems. Full-scale exter- 
nal meter deflection can be best set via the initial use 
of a 200-kilohm trimpot for R3 in transceivers that use 
a diode detector. Once the correct resistance value is 
determined, a fixed-value resistor may be substituted 
for the potentiometer. When the Fox Box is used the 
rig's internal signal strength readings may be lower 
than normal due to the loading effect of the external 
meter. 

installing the Fox Box 
Modifying radios for the internal attenuator requires 

some dexterity. The Clegg FM-DX is the easiest be- 
cause its RF amplifier and mixer are on one circuit 
board; one lead (the one with blue insulation) brings 
the power into these circuits. Since the forward-bias 
for gate 2 of the MOSFETs must be controlled as well 
as the drain voltage, it's important to be sure that all 
of the resistors carrying power to these stages are lifted 
from the Vcc runs and rerouted to the MPS-A14 
emitter. Only the resistor lead connected to the Vcc 
supply run is lifted. With the resistor standing vertical- 
ly, a length of hookup wire is tack-soldered to the free 
lead. A length of heatshrink tubing over the resistor 
and hookup wire junction keeps things neat. The 
MPS-A14 can be mounted on a three-terminal solder- 
lug phenolic strip - install the strip where space 
permits. 
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Sometimes only one resistor per stage need be re- 
routed - look for a single low-value resistor that pro- 
vides voltage to a stage, such as in the KDK FM-2025, 
where resistor R4 (47 ohms) supplies power to RF 
amplifier 01. Again, in the FM-2025, for mixer-stage 
02 only resistor R13 (220 ohms) is rerouted. Gate 2 
bias is developed from a voltage divider (comprised 
of R4 and R15) located on the FET's source side of 
R13. Table 1 references owner-manual schematics 
supplied with the Azden PCS-2000, Kenwood 7950, 
7850, and 7625, KDK FM-2025, and Clegg FM-DX and 
lists the resistors required for each of these models. 
(If your radio is not one of those listed, studying fig. 
3 will help in determining the resistors involved in your 
transceiver. If you send me (at my home address) a 
good copy of your schematic, I'll circle the appropriate 
resistors - an SASE must accompany your request.) 

I[ 5 

inside the fox box: 
variations and adjustments 

The schematic for the internal attenuator is shown 
in fig. 2. Part of the circuit involves two resistors: R2, 
the Fox-Box front panel control used for setting the 
desired attenuation level, and trimpot R1, which is 
used only in radios with three stages under attenuation 
control. The maximum attenuation will be more than 
required, R1 sets the maximum attenuation level. 
When operating three stages near maximum attenua- 
tion, the squelch may open. For some radios this is 
normal, because these stages may contribute a large 

EXTERNAL 
CONTROL 

portion of the total receiver gain and reducing their 
gain will affect noise operated squelches. There was 
one minor shortcoming with this attenuator. When ap- 
proaching maximum attenuation, some users men- 
tioned that the control became very nonlinear and 
touchy to adjust. In retrospect, I had been using linear 
potentiometers and found that audio-taper potentio- 
meters proved the better choice. The potentiometers 
must be wired so that maximum attenuation occurs 
at the CCW position. 

5 flX$ 

fig. 4. RF gain control scheme for tranceivers using 
bipolar transistor front ends. Unlike the MOSFET attenu- 
ator, no supply voltage variation is used; instead the base 
biasing voltage is shunted through an external potentio- 
meter. The value for the potentiometer is typically four 
to five times higher than the base-to-ground biasing 
resistor ( R l ) .  

interconnecting the transceiver 
and the Fox Box 

The Fox Box is connected to the radio via a three- 
conductor cable using a miniature 118-inch (3.5 mm) 
three-conductor "stereo" plug. One lead is the com- 
mon-ground return for the attenuator and meter, and 
the remaining leads carry the meter and attenuator sig- 
nals. Use enough cable to allow you to leave the car, 
Fox Box in hand, so you can move about while 
orienting the directional antenna. This is the real 
beauty of this device - it allows you to do some DFing 
outside the car. With the Fox Box disconnected, the 
radio reverts to normal premodification operation. 
Never connect or disconnect the adapter while the 
radio is on. 

Some hams may have reservations about drilling the 
mounting hole for the I /&inch stereo jack. If the ex- 
ternal speaker jack isn't used, and no future use is con- 
templated, the jack may be removed, or taped and left 
in the radio. Some radios, such as the Clegg FM-DX, 
have 9-pin accessory jacks, and spare pins are often 
available. Some deterioration of receiver dynamic- 
range may occur when using the attenuator. This has 
not been observed in actual use - but with the re- 
duced mixer-stage voltage levels it is a possibility. 

All necessary components can be obtained at elec- 
tronic supply stores for under $20. Installation typically 
takes only three or four hours." 

using the Fox Box 
The internal attenuator, at full attenuation, will give 

about a half-scale reading from a 25-watt mobile 10 
feet (3.04 meters) away. In many hunts the fox has 
been hidden in a high-reflection area, effectively 
eliminating the doppler and Yagi competition. When 
this has happened I've been able to get in using just 
the attenuator and S-meter provided in the Fox Box 
- as the fox is talking, the meter indicates whether 
you're within a few thousand feet of its location, and 
whether approaching or leaving its location. 

- -- - - 

'If you're interested in this adapter, but feel ill-at-ease about tearing into your 
radio, I'm willing to do the work in my service shop at the going rate. Write, 
enclosing an SASE, and we'll work out the details. 
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ACT1 VE ELEMENT 
PO" ( 5 0  BmmJ SQUARE 

ROUND WIRE 

REFLECTOR ELEMENT 
21" (53 3 o m J  SQUARE 

(48 3 c m )  LONG TAPPED 
ON HAIRPIN AND 

HARDWOOD BLOCKS 
THREADED FOR 

SEE DETAIL  "B" THUMB SCREWS 

ADJUST SHORTING 
FOR MAXIMUM FRO 
BACK RATIO AND 

/ 4 " ( 3 2 m m )  PLASTIC DRAIN P IPE 
3 TO 3 - 1 / 2  FEET I 1  T O  I 3 m J  LONG 

NOT C R I T I C A L  

LOWEST SWR ON ACTIVE 
DECOUPLINO STUB ELEMENT -- BEST FRONT-TO- 

SHAKEPROOF LUG BACK ON REFLECTOR 

O E T A I L  "A" 
ADJUSTABLE FEEOPOINT - (ONLY ON 
ACTIVE ELEMENT)  S E T  FOR LOWEST 
SWR 

O E T A I L  "B" - - STUB USE0 FOR BOTH ELEMENTS 

fig. 5. Light and durable quad for hidden transmitter hunting. A variety of materials may be used for the boom and masting 
- wooden doweling or PVC pipe are a few good choices. The elements are made from either aluminum ground or copper 
wire. Note the 75-ohm decoupling section wrapped on the driver boom. (Figure courtesy WAJTNO.1 

K3TS two-element 2-meter quad antenna 
As promised, here are the details for a simple DFing 

antenna. This design is the work of Tom Stewart, 
KSTS. A detailed mechanical drawing of the antenna 
is shown in fig. 5. Tom reported that the antenna did 
quite well while hilltopping and in mobile operation. 
Tom also designed the mobile antenna mount pictured 
in fig. 6. This mount allows the driver to steer the 
antenna while the car is moving. The lower (bottom) 
mount is inserted between the window glass and rub- 

ber sealer, while the upper mount is screwed (using 
short screws!) or otherwise affixed to the window 
frame. For installation in frameless windows, or "no- 
holes" mounting, the upper bracket is fastened to the 
end of a single rooftop carrier positioned directly above 
the door-mounted unit. 

Portable antennas can take a beating during fox 
hunts. K3TS uses aluminum wire for his quad ele- 
ments. This allows the antenna to "give," without 
damage, so that when a low branch or other obstruc- 

30 October 1986 



tion bends the elements they may be easily reshaped. 
(Softdrawn copper antenna wire might prove better 
- it can be soldered, thereby avoiding the problems 
of making good electrical connections to aluminum 
wire.) The closed loop design results in little antenna 
interaction from the presence of the car's body. Using 
K3TS's design, one need only loosen the thumbscrews 
and rotate the antenna elements 90 degrees for hori- 
zontal polarization (feedpoint top or bottom). 

Do not omit the all important 75-ohm decoupling 
section. This decoupler was first suggested by E.M. 
Brown, in CQ back in 1952. The front-to-back ratio 
will suffer if not used. Plastic insulated zipcord or 
speakerwire can be used in lieu of the 75-ohm twin- 
lead. The 75-ohm twinlead is tightly wound, without 
overlaps, along the length of the element support 
dowel. The coax-to-twinlead junction is as close to the 
boom-to-element T-block as possible. 

tuning the antenna 
Begin the alignment by removing the reflector 

assembly from the boom. Tune the quad by adjusting 
the balun position on the feedpoint hairpin, while alter- 
nately adjusting the hairpin shorting-stub, for minimum 
SWR. (Don't expect a "perfect match" with this 
antenna; an SWR of 1.5:1 is acceptable.) The initial 
settings given in fig. 5 are a good starting point. (Use 
miniature fleaclips on the balun and shorting-bar to 
aid in the initial positioning.) When the driven element 
is properly adjusted, the reflector is installed. The 
shorting stub on the reflector hairpin is then set for 

SOCKET RINQ FOR MAST TAP AN0 
FASTEN WlTH SCREWS 

16 GAUGE ALUMINUM 

112 I - P O l e m l  

BOTTOM MOUNT 

MAST DIAMETER 

HOLES FOR PLUS CLEARANCE 

MOUNTING SCREWS WIND NUT 

16 QAUOE ALUMINUM 
OVERLAP PIECES TO 
CLOSE AROUND MAST 

PIVOT SCREW 

TOP MOUNT 

fig. 6. Simple mounting brackets, made from lggauge 
aluminum, permit operation of the quad while vehicle 
is in motion. (Figure courtesy WA3lNO.l 

the best front-to-back ratio (or null). The antenna pro- 
duces 6 dB forward gain with upwards of 25 dB of 
front-to-back ratio. 

performance 
The Fox Box is shown in photo 1. The antenna was 

built by Bob, KAlIQD - a closeup of it is shown in 
photo 2. 

Photo 1. The KlZJH Fox Box external metering and attenuator 
control box. 

Photo 2. Closeup view of the K3TS quad as built by Bob. 
KAlIQD. Bob used PVC tubing and stainless steel wire for 
constructing his quad. Numerous copies of the original design 
have been successfully completed by area hams using various 
materials and construction techniques. 
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f l  K.V.G. 
9 MHz CRYSTAL FILTERS 

Ap I1 Band. 
MODEL ,tPk W I ~ I ~  POI.. ma 

XF.9A SSB 2.4 kHz 5 153.15 
XF.98 SSB 2.4 kHz 8 72.05 
XF-98.01 LSB 2.4 kHz 8 95.90 
XF.90-02 US0 2.4 kHz 8 95 90 
XF-98-30 SSB 2.4 kHz 10 125.65 
XF.9C AM 3.75 kHz 8 77 40 
XF.9D AM 5.0 kHz 8 77 40 
XF-QE FM 12.0 kHz 8 77.40 
XF.9M CW 500 Hz 4 54 10 
XF.9NB CW 5W Hz 8 95.90 
XF-QP CW 250 Hz 8 131 20 
XF910 IF noose 15 kHz 2 17 15 

10.7 MHz CRYSTAL FILTERS 
NBFM 
NBFM 
WBFM 
WBFM 

PlxlData 
FM 

12 kHz 
15 kHz 
30 kHz 
36 kHz 
40 kHz 
14 kHz 

Expon lnqulries Invited Shipping $3 75 

MICROWAVE MODULES VHF 6 UHF EQUIPMENTS 
Use your ex~stong HF or 2M rig on olherVHFor UHF bands 

LOW NOISE RECEIVE CONVERTERS 
1691 MU2 MMk1691137 $249 95 
1296 MHz GaAsFET MMk1296-144G 149 95 
4321435 MMc432.28fS) 74.95 
43PATV MMc43SCh x 89.95 
220 MHz MMc220-28 74.95 
144 MHz MMc144-28 59.95 
Opllons: Low NF(2.0dBmax.. 1.25dB max.),other bands6 IF'savallable 

LINEAR TRANSVERTERS 
1296 MHz I 8 W OVI~UI. 2M on MM11296-144.G 3 m . 9 5  
4321435 TOW Output. 10M In MM1432-28(S) 269 95 
144 MHz 10Woutput. 10M ln MM1144-28 179.95 
Olher bands 6 IFsava~lable. 

LINEAR POWER AMPLIFIERS 
12% MHz 20 W oulpul UPl%-X-L 439 95 
4321435 100 W oulpul MML432-100 369 95 

50 W oulpul MML432-50 199 95 
30 W oulput MML432.30-LS ~ 0 9  95 

144 MHz 2W W output MML144-200s 374 95 
1W W oulpul MML144.lWLS 239 95 
50 W oulpul MML144-50-S 149 95 
30 W output MML144.30.LS 10995 

All models includeVOX TIR sw#tch#ng. 
" L  models 1 or 3W dr8ve.olhers 10W drive 

Shipping: FOB Concord. Mass. 

ANTENNAS 
420-450 MHz MULTIEEAMS 
28 Element 7OlMBM28 12 dBd T49-95. $39 95 
48 Element 701MBM48 15 7 dBd -LUI 59 95 
88 Element 701MBM88 I 8  5 dBd 8995 

144.148 MHz J.SLOTS 
10 + 10 Twlsl lOXVl2M 11 3 dBd 69 95 

UHF LOOP YAGlS 
1250-1350 MHz 29 loops 1296-LY 20dB1 149.95 
1650-1750MHz29loops 1691-LY 20dB1 59 95 
Order Loop-Yag! connector extra' Type N 114.95, SMAS5 95 

equipment and KVG crystal product requ~remenls 

(617) 263-21 45 
SPECTRUM 

ERNATIONAL, INC. 
ost Off ice Box 1084 

Although this is a good beginner's antenna, many 
experienced hunters swear by it. Don't be misled by 
its small size and simplicity. (Bob, KAlIQD, and I 
recently used his Fox Box and quad to  locate a spuri- 
ous signal jamming a local repeater input frequency 
on 147.600 MHz. The source of the signal turned out 
to  be a mast-mounted N antenna booster located 
several miles from the repeater site.) I was very im- 
pressed with the antenna and found it easy to use. 

getting started 
A few tips for the prospective fox hunters reading 

this: first, as with anything new, a little hands-on ex- 
perience will help you to  become a proficient DF'er. 
Make several practice runs using the attenuator before 
going on a hunt - this will give you a "feel" for its 
operation. To start, have a friend hide nearby while 
you and a partner use your DF'ing gear to  locate him. 
Because the driver's only concern must be the safe, 
legal, and proper operation of the motor vehicle, a 
team of two people works out best; let your partner 
read the maps and interpret headings while underway. 

references 
1. Terrance Rogers. WA4BVY. "A DoppleScant," OST, May. 1978, page 24. 

2. David Cunningham. W B E P .  "DF Breakthroughl" 73. June. 1981. page32. 

ham radio 

I~onver ts  Your HT to a ~owerfu11 
Mobile Unit 

30 or 50 watts output 

2 Meter5 & 70 cm 

I CMC COMMUNICATIONS, INC. 
5479 Jetport Industrial Blvd. *Tarnpa, FL 33614 

Phone: 813-885-3996 I 
fl 116 
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1 kHz steps with thumbwheel dial 
Accuracy +/- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 rnV at 50 Ohms 

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

Call or write for details Phone in your 
order for fast COD shipment. fl 117 
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"HAM HOTLINE" 
THE PROVEN MONEYMAKER 

The "Ham Hotline" is a complete 
mailing l~s t  of novlce amateur radio 
operators and current hams who have 
renewed, upgraded or modifled their FCC 
licenses. These ham enthusiasts have 
proven to be excellent prospects for radio 
equipment, accessories and publications. 

The Hotline is UPDATED EVERY 
TWO WEEKS with an average of 8.000 
names and addresses each month. And. 
because we know the Hotl~ne IS the most 
up-to-date amateur radio listing available, 
we'll guarantee 98% deliverabtlity. 

Target your sales efforts to your most 
likely buyers. Call DCC Data Service to- 
day and begin your subscription to the 
"Ham Hotlino" . . . the proven 
moneymaker. 

1)CC Data Service v 118 

1990 M Street, N.W. Suite 610 
Washington, D.C. 20036 

Toll-free 1-800-4 :3 1-2577 
I n  DC & AK 202-452-1419 

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 119 

I 
I I Don't buy from Hamtronics . . . , 

I I - - 
Unless you want the best possible equipment = I 

I at the lowest possible prtce! ! ! I 
I I 
I 

The "wheeler-dealer" is back and he's beating 
everyone else's "deals." 

I 

= We all know there's no such thing as a free lunch . . . 
so How Can We Do This? - I l We don't run alot of ads featuring sale items - We don't spend alot of money on full page ads 

- - l We don't have sales on just the fastest selling 
- products 
- - l We don't short cut you on service. We are a factory 
- warranty 'repair facility for everything we sell! - 
- l We don't mail out free catalogs 
- We don't have a free WATS number. 
- - You and every other Ham customer is paying for all - these do-dads and sales gimicks. - - Hamtronics puts the savings into your pocket. - - Hamtronics guarantees to meet or beat any advertised - price on every item we sell. 

I Hamtronics Has It All! 
I I 

I Let Hamtronics be your Ham Radio equipment dealer. I 
We're celebrating our 35th year in the Ham business 

I 
I at the same location. I 
I I 
I I 

A DIVISION OF TREVOSE ELECTRONICS I : 4033 B R O W N S V I L L E  R D . ,  T R E V O S E ,  PA 19047 I-, 
1 ( 2 1 5 ) 3 5 7 - 1 4 0 0  I 
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Turn a few hours work into years of 
fun with Amateur Television. 
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building and using 
phone patches 

From simple to elegant, 
patches help 

make the connection 

In telephone company parlance, a patch is any 
connection between a phone line and another com- 
munications device, whether it be a radio, a tape re- 
corder, a data device (such as a modem), or even an- 
other phone line. 

Radio Amateurs, on the other hand, tend to limit 
the meaning of "patch" to the connection of transmit- 
ters or receivers to the phone line for phone conversa- 
tions. But there's more to it - Amateurs can and do 
use phone patches for purposes other than telephone 
conversations. One particularly effective application 
is for checking TVI and RFI complaints; simply set the 
transmitter on VOX, go to the site of the interference 
complaint, and then key your transmitter via the phone 
line. Doing this will indicate whether your transmitter 
is or is not the source of the problem. If it is, you can 
use this method to test the measures you've taken to 
correct the problem. 

A phone line is, simply speaking, a 600-ohm bal- 
anced feed device - which also happens to be how 
professional audio can be described. Most modern 
Amateur transmitters have 600-ohm unbalanced in- 
puts; most cassette recorders have a 600-ohm un- 
balanced input; the "tape" outputs on home stereos 
are also 600-ohm unbalanced. All this makes patching 
relatively simple. While there are various degrees of 
sophistication and complexity in patching, in an 
emergency, patches can be easily put together using 
readily available components. Before starting to build 
a patch, however, it might be helpful to read last 
month's article on understanding phone lines.' 

the simple patch 
The simplest way to patch a phone line to another 

piece of equipment is to use a couple of capacitors 
to block the phone line DC. While this simple approach 
will work in a pinch, it will tend to introduce hum to 
the line because of the unbalance introduced. The 
capacitors used should be nonpolar, at least 2FF, and 
rated at 250 volts or better (see fig. 1). 

To hold the line, the patch should provide a DC load 
by means of a resistor (R61 or by simply leaving a 
phone off the hook. The receiver output may need a 
DC load (R7) to prevent the output stage from "motor- 
boating." Use two capacitors to maintain the balance. 

With all patches hum can be lessened by reversing 
the phone wires. A well-made patch will have no dis- 
cernible hum. 

the basic phone patch 
Because a phone line is balanced and carries DC as 

well as an AC signal, a patch should include a DC 
block, a balun, and a DC load to hold the line. The 
best component for doing this is a 600-ohm 1 : 1 trans- 
former such as those used in professional audio and 
for coupling modem signals to the phone line, available 
from most electronics supply houses. Old telephone 
answering machines are also a good source of 600- 
ohm transformers. Some transformers are rated at 
600:900 ohms or 900:900 ohms; these are also accept- 
able. Make sure that the transformer has a large 
enough core, because DC current will be flowing 
through it. (Some small-core transformers become 
saturated and distort the signal.) 

By Julian Macassey, NGARE, 475 North Daisy 
Avenue, Pasadena, California 91 107 
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In section 68.304 of the FCC Part 68 regulations, 
it states that a coupling transformer should withstand 
a 60 Hz I kV signal for one minute with less than 10 
mA leakage. For casual use this may seem unimpor- 
tant, but it provides good protection against any 
destructive high voltage that may come down the 
phone line, and into the Amateur's equipment. A 130 
to 250 volt Metal Oxide Varistor (MOV) across the 
phone line will provide further protection if needed. 

S H I E L D E D  

T IP  

TRANSMITTER -r$f,,~- SI  

RING RIB - 
fig. 2. Basic phone patch. 

C 5  
TIP 

The DC resistance of the transformer winding may 
be so low that it hogs most of the phone line current. 
Therefore, while using a phone in parallel for monitor- 
ing and dialing - which is recommended - the audio 
level on the incoming line may be too low. Resistors 
RIA and RIB (see fig. 2) will act as current limiters 
and allow the DC to flow through the phone where 
it's needed. If possible, these resistors should be car- 
bon composition types. 

To keep the line balanced, use two resistors of the 
same value and adjust the values by listening to the 
dial tone on a telephone handset. There should be lit- 
tle or no drop in volume when the patch transformer 
is switched across the phone line. 

One of these transformers, or even two capacitors, 
can be used to patch two phone lines together, should 
there be a need to allow two distant parties to con- 
verse. There will be losses through the transformer so 
the audio level will degrade, but with two good con- 
nections this will not be a problem. 

On the other side of the transformer - which could 
be called the secondary winding - choose one pin 
as the ground and attach the shields of the micro- 
phone and headphone cables to it. Attach the inner 
conductors to the other pin. The receiver output will 
work well into the 600-ohm winding, and if transmit- 
ting simplex or just putting receiver audio on the line 
there will be no crosstalk or feedback problems. In 
some cases, the audio amplifier in a receiver does not 
have enough output to feed the phone line at an ade- 
quate level; this can be handled by using the trans- 
former with two secondaries (see the "improved" 
patch below) or by coupling a 8:1-kilohm transformer 
between the audio output and 600-ohm transformer. 
If RF is getting into the transmitter input, a capacitor 
(C1) across the secondary should help. A good value 
for the lower bands and AM broadcast interference is 
0.1 pF. For higher frequencies, 0.01 fiF usually gets 
rid of the problem. Unshielded transformers are sensi- 
tive to hum fields and building any patch into a steel 
box will help alleviate hum as well as RFI. 

- 
I 
I 

SI ; 
I 

R E C E I V E R  

T R A N S M I T T E R  

a 

fig. 3. Improved phone patch. 

R 6  
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the improved phone patch 

R 4  

Several enhancements can be made to the basic 
phone patch to improve operation. The first is the addi- 
tion of a double-pole double-throw switch to reverse 
the polarity of the phone line to reduce hum. This may 
not be necessary with a patch at the same location 
with the same equipment, but if it is, experiment with 
the polarity of the transformer connections and adjust 
for the least hum. Most of the time the balance will 
be so good that switching line polarity makes no dif- 
ference. The switch should have a center "off" posi- 
tion or use a separate double-pole single-throw switch 
to disconnect from the line. The two secondaries on 
the "improved" patch (fig. 3) should be checked for 
balance by connecting the receiver and transmitter and 
checking for hum while transmitting and receiving. 
Switch the shield and inner conductors of the secon- 
daries for minimum hum. 

Many transmitters do not offer easy access to the 
microphone gain control. There may also be too much 
level from the patch to make adjustment of the trans- 
mit level easy. Placing R10 across the transformer 
allows easy adjustment of the level. It can be set so 
that when switching from the station microphone to 
the patch the transmitter microphone gain control 
does not need to be adjusted. This will also work on 
the basic 600-ohm 1 : 1 transformer. Most of the time 
a 1 kilohm potentiometer - logarithmic if possible - 
will work well. If not, a linear potentiometer will do. 
A 2.5-kilohm potentiometer may provide better 
control. 

18 

deluxe operation and VOX 
Using VOX with a phone patch may cause a prob- 

lem with receive audio going down the line and into 
the transmit input, triggering the VOX. There may not 
be enough Anti-VOX adjustment to compensate for 
this. The usual solution for this problem is to use a 
hybrid transformer, a special telephone transformer 
with a phasing network to null out the transmit audio 
and keep it off the receive line. Most telephones 
employ a similar transformer and circuit so that callers 
will not deafen themselves with their own voices. 
These devices are called "networks" (see figs. 4 
and 5). 

A network can be removed from an old phone and 
modified into a deluxe patch, or the phone can be left 
intact and connections made to the line and handset 
cords. The line cord should be coupled to a 600-ohm 
1 :1 transformer to keep the ground off the line. Note, 
in the network schematics, that the receiver and trans- 
mitter have a common connection; when coupling into 
radios or other unbalanced devices, make this the 
ground connection. 

There may be confusion about terms used in the 
network. The telephone receiver is receiving the phone 
line audio, and the transmitter is transmitting the 
caller's voice. For phone patch use, a telephone 
receive line is coupled to the transmitter and the 
transmit line is coupled to the radio receiver. This is 
a fast way to put together a phone patch and may be 
adequate for VOX use. 

A better patch can be built by using a network 

C3 

, \ I  
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fig. 4. Typical network (United States). Note: circled letters are marked on network interconnection block terminals. 
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fig. 5. Typical European network. 

removed from a phone or purchased from a local tele- 
phone supply house. This approach offers the added 
advantage of being able to adjust or null the sidetone. 
The circled letters in figs. 4 and 6 refer to the mark- 
ings on the network terminal block. These letters are 
common to all United States networks made by West- 
ern Electric (ATBT), ITT, Automatic Electric, Comdial, 
Stromberg Carlson, and ATC. 

To make the sidetone adjustable, remove R4 (R5 in 
European networks) and replace it with R11 (for Euro- 
pean networks use R12). The Western Electric Net- 
work comes point-to-point wired and sealed in a can; 
the other networks are mounted on PCBs. To remove 
R4 from the Western Electric network, the can has to 
be opened by bending the holding tabs. Don't be sur- 
prised to find that the network has been potted in a 
very sticky, odious paste that has the texture of hot 
chewing gum and the odor of unwashed shirts. [This 
material - alleged to be manufactured according to 
a secret formula - will not wash off with soap and 
water. The phone company has a solvent for it, but 
because one of the secret ingredients is said to be 
beeswax, ordinary beeswax solvents such as gum tur- 
pentine, mineral turpentine (paint thinner or white 
spirit) and kerosene will work.] To remove the bulk 
of the potting compound, heat the opened can for 30 
minutes in a 300 degree F (148 degree C) oven, or 
apply heat from a hot hairdryer or heatgun. You can 
also put the can out in the hot sun under a sheet of 
glass. Don't use too much heat because the plastic 
terminal strip may melt. Even with a film of compound 
remaining on it, the network can be worked on. 

using a patch 
For efficient use, a patch should have a telephone 

connected in parallel with it. This enables the operator 
to dial, answer, and monitor calls to and from the 

patch, as well as use the handset for joining in conver- 
sations or giving IDS. 

One useful modification to the control telephone is 
adding a mute switch to the handset transmitter. This 
allows monitoring calls without letting room noise in- 
trude on the line. It's also a good modification for high 
noise environments, where ambient noise enters 
through the handset transmitter and is heard in the 
receiver, masking the incoming call. Muting the trans- 
mitter makes calls surprisingly easy to hear. The mute 
switch can be a momentary switch used as a "Push- 
To-Talk" (PTT) or a Single Pole Single Throw (SPST) 
mounted on the body of the phone for long-term moni- 
toring. The switch should be wired as Normally 
Closed, so that the transmitter element is muted by 
shorting across it (see fig. 4). This makes the mute 
"clickless." If the monitor phone uses an electret or 
dynamic transmitter it should still be wired as shown 
in fig. 4. 

Transmit and receive levels on the phone line are 
a source of confusion that even telephone companies 
and regulatory agencies tend to be vague about. The 
levels, which can be measured in various ways, vary. 
But all phone companies and regulatory agencies aim 
for the same goals: enough level for intelligability, but 
not enough to cause crosstalk. The most trouble-free 
way to set the outgoing level on the patch is adjust 
the feed onto the phone line until it sounds slightly 
louder than the voice from the distant party on the 
phone line. If the level out from the patch is not high 
enough, the distant party will ask for repeats and tend 
to speak louder to compensate for a "bad line." In this 
case, adjust the level to the patch until the other party 
lowers his or her voice. The best way to get a feel for 
the level needed is to practice monitoring on the hand- 
set by feeding a broadcast station down the phone line 
to another Amateur who can give meaningful signal 
reports. It's difficult to send too much level down the 
phone while monitoring because the signal would 
simply be too loud to listen to comfortably. The major 
problem is sending too little signal down the line. 

Coupling the phone line into the radio transmitter 
is not much more difficult than adjusting a microphone 
to work with a radio transmitter. Depending on the 
setup, the RF output indication on a wattmeter, the 
ALC on the transmitter or even listening to the trans- 
mitted signal on a monitor receiver will help in adjust- 
ing the audio into the radio transmitter. Phone lines 
can be noisy, and running too much level into the 
transmitter and relying on the ALC to set the modula- 
tion can cause a fair amount of white noise to be trans- 
mitted. Watching the RF output while there are no 
voice or control signals on the line will help in adjusting 
for this. VOX operation can alleviate the problem of 
noise being transmitted during speech pauses. 
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passive audio filter design, part 2: 
highpass and bandpass filters 

A highpass filter 
with high attenuation 

at 60 and 120 Hz 
- and some common 

bandpass filter 
design problems 

The simplest highpass filter possible is a single 
capacitor. But if you think that a capacitor is fairly 
useless as a highpass filter, consider the circuit shown 
in fig. 1. A voltage source, Vs, of resistance Rs, is 
driving a low-pass filter through a capacitor, CH. The 
source and termination impedances of the filter are RS 
and RT respectively, which we will assume are equal. 

As the frequency (of the voltage source) increases, 
the reactance of CH decreases. Eventually a point is 
reached where the reactance of CH is SO low that it 
is insignificant compared to Rs. The combination of 
CH and the low-pass filter will therefore have a band- 
pass response in which CH attenuates low frequen- 
cies and the low-pass filter attenuates high frequen- 
cies. The low frequency attenuation will, of course, 
be fairly modest but can have a useful effect when 
applied to a filter such as the practical I-dBI50-dB 
elliptic low-pass described earlier.' 

Figure 2 s h ~ w s  simulated results of how the 
response of the I-dBl50-dB filter is modified by vari- 
ous preferred values of CH. Also shown for compari- 
son is the unmodified response; that is, with CH short- 
circuited. With CH = 0.22 pF, considerable attenuation 

of low frequencies is obtained, but CH is still effective 
(i.e., it introduces a reactive term) at almost 2 kHz, 
which considerably narrows the bandwidth of the total 
network. As CH increases, the response above 2 kHz 
follows the low-pass response more closely, and the 
low-frequency attenuation is reduced. One useful 
value of CH is 2.2 pF, which produces a significant 
reduction in the passband ripple when compared with 
the unmodified low-pass response. The mismatch in 

By Stefan Niewiadomski, 29 Mackinley Ave- 
nue, Stapleford, Nottingham, England NG9 8HU 

PRACTICAL RESULTS WITH 

C M = 2 . 2 p F  

0 ,  I 
0 0.5 1.0 1.5 2 . 0  2.5 3.0 

FREQUENCY (kHz1  

fig. 2.0-3 kHz response of 1-dB/SdB five-branch elliptic 
low-pass filter with various values of input capacitor. CH 
showing simulation and practical results. 
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fig. 1. Combining a series capacitor and low-pass filter 
provides composite bandpass response. 
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the drive impedance to the filter caused by the reac- 
tance of CH does not cause a drastic degradation in 
performance. Only the frequency-dependent variable 
effect by CH is evident in the combined response. 

Practical results with CH equal to 2.2 pF are also 
plotted in fig. 2, and they show close agreement with 
the simulated results. Although no great attenuation 
of unwanted low frequencies (such as 60 Hz and 120 
Hz) is obtained, it is recommended that the 1-dBl50- 
dB low-pass filter be used in conjunction with a 2.2 
pF input capacitor to reduce the passband ripple. A 
compact Siemens metalized polyester 2.2 pF capac- 
itor* is available and is preferable to a polarized 
capacitor, which would have a greater tolerance. 

I will now describe an improved highpass filter that 
provides high attenuation at 60 Hz and 120 Hz and at 
unwanted lower speech frequencies. Figure 3 shows 
the circuit diagram of the filter, with and without 
resistors to simulate the low-Q inductors. 

This filter is a five-branch Butterworth highpass with 
a theoretical response rolloff of 30 dB per octave. 
Highpass filters are generally designed by transform- 
ing a lowpass prototype, and this procedure is de- 
scribed in appendix A of this article. 

Table 1 shows the component values of the original 
1-ohm, 1-radlsec low-pass filter;= the 1-ohm, 1-radl 
sec transformed highpass; the scaled W o h m ,  500-Hz 
highpass with theoretical values and ideal inductors; 
the 500-ohm, 500-Hz highpass with rounded values 

fig. 3. Butteworth fivbbranch highpasa filter. (A) Scha 
matic of filter with ideal inductors, (BI schematic of filter 
with real inductors. c 

'Digi-Key pan no. E1225. 2.2 pF1100V. 
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table 1. Component values of Butterworth five-branch highpass filter. 500 ohm, 500-Hz values are obtained by multiplying 
1 ohm, 1 radtsec values by 6.366 x lo-' for capacitors and 0.1592 for inductors. 

low-pass 
prototype 

component 

L1 
C2 
L3 
C4 
L5 

1 ohm, 
1 radlsec 

value 

0.618 H 
1.618 F 
2.000 H 
1.618 F 
0.618 H 

highpass 
transformed 
component 

C 1 
L2 
C3 
L4 
C5 
R2 
R4 

1 ohm, 
1 radtsec 

value 

1.618 F 
0.618 H 
0.500 F 
0.618 H 
1.618 H 
- 
- 

500 ohm, 500 Hz 
theoretical value 
ideal inductors 

1.030 pF 
98.34 mH 
0.3183 pF 
98.34 mH 
1.030 pF 
0 ohms 
0 ohms 

500 ohm, 500 Hz 
rounded value 
ideal inductors 

1 PF 
100 mH 
0.33 pF 
100 mH 

1 PF 
0 ohms 
0 ohms 

500 ohm, 500 Hz 
rounded value 
real inductors 

1 PF 
100 mH 
0.33 pF 
100 mH 

1 CF 
82 ohms 
82 ohms 

\ T I C A L  VALUES 

NOUCTORS 

I F R E O U E N C Y  ( k H z J  I 
I fig. 4. 0-1 kHz response of SmHz Butterworth highpass filter shoring simulation and practical results. 141 theoretical I values, ideal inductors; and lCj practical results -0- -0- -0-. 

- - 
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and ideal inductors; and the 500-ohm, 500-Hz highpass 
with rounded values and real inductors. 

A cutoff frequency (defined as the 3-dB attenua- 
tion frequency for Butterworth filters) of 500 Hz means 
that any 120-Hz input component (which is more than 

Components for 500-ohm, 500Mz Butlerwonh highpass filter: 
cr 1 SF Sbmenr msl~1lz.d polyesfar 5 percent 
C3 0.33 "F  Siemens m.lsllzed polyester 5 p.rcenl 
CS I r F  Siemens m.1.llr.d polyester 5 percenl 
L2 100 mH Toko lORB 
L4 100 mH Toke lORB 

OUTPUT 

1 

I fig. 5. PC board foil pattern and component placement 
for five-branch Butterworth highpass filter. 

2 octaves below the cutoff frequency) will be atten- 
uated by more than 60 dB. Any 60-Hz input will be 
attenuated (theoretically) by more than 90 dB, as it 
is another octave below 120 Hz. More than half the 
total power of speech lies below 450 H z , ~  SO using a 
500 Hz cutoff highpass filter at the audio input to a 
transmitter will result in a considerable saving in 
power. Intelligibility of speech will not be influenced; 
however, for better quality speech, a cutoff frequency 
of perhaps 300 Hz would be more appropriate. If 
desired, the reader can scale the 1-ohm, 1-radlsec 
highpass values to 500 ohms, 300 Hz, by multiplying 
the capacitors by 1.061 x 10-6 and the inductors by 
2.65 x 10- 1. Rounding the answers will then give 
practical values for the components. 

The 0 to 1 kHz response of the 500-ohm, 500-Hz 
highpass filter is shown in fig. 4. Curve A is the 
theoretical value, real-inductor response and the 3-dB 
attenuation frequency is 500 Hz, as predicted. The 30 
dB and 60dB attenuation frequencies are 250 Hz and 
125 Hz respectively, giving the classical five-branch 
Butterworth response. 

A curve of the rounded values, ideal-inductor 
response has not been plotted in fig. 4 because 
simulations indicated that it deviated from curve A by 
no more than 0.8 dB at any frequency. 

Curves B and C are the simulated rounded values, 
real-inductor response, and the measured response, 
respectively. These two curves follow each other 
closely. One effect of the low Q inductors is rounding 

fig. 6. Elliptic bandpass filter transformation procedure. (A) Schematic of 1-dB/SdB %kHz lowpass prototype, (6) schematic 
of 1-dB/50-dB 300-3300 Hz bandpass filter. 

L Z  L 4 
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ter. First, the passband bandwidth of the bandpass 
filter (3 kHz) is the same as that of the low- ass Droto- 

~ . -  . ~ ~ ~~ . 
:I type. Secondly, the 50-dB stopband attenuation band- 

.. , ~. . . . width of the passband filter is the same as that of the 
. . - , ,  ...,''I ;,< 1.5 .. 

, .,..,, .- .- low-pass prototype (4221 Hz). Thirdly, the passband _ , i <  . :@$; ,;. 
:' ,'... ;:!. ' , ripple (Ap) and minimum stopband attenuation (AS) 

are identical to those of the prototype. Normally, for 
. I  speech processing, an upper cutoff frequency of 3 kHz 

would be chosen, but I have not selected a 2700-Hz 

) U  a! 60 71 low-pass prototype for transformation because I want 

I 
to illustrate only the problems that can be encountered 
with this approach, not produce a practical design. 

fig. 7. Experimental fivebranch B u n a w o n h  hlghpass filter. 
Figure 6 shows the schematics of the low-pass pro- 

totype and the final, transformed bandpass filter. 

- 
2 1 n H  18nH 

1°F 0 . 3 3  

-1 0 . 0 2 2  0 . 0 6 8  

5 0 0  OHMS 5 0 0  OHMS - 100mn I Y F  IOOrnH 

0 

rJ7 

0 

fig. 8. Schematic of the bandpass filter formed from the 500-ohm, 500-Hz Bunemorth and 1-dBl5fJdB elliptic lowpass filters. 

of the passband edge, the attenuation at 500 Hz being 
6 dB rather than the theoretical 3 dB. The filter also 
still has a loss of approximately 1 dB at 1 kHz. 

Figure 5 shows the PC board foil pattern and com- 
ponent layout for this highpass filter, and fig. 7 is a 
photograph of my prototype. 

bandpass filters 
The modern approach to bandpass filter design is 

by transformation of a low-pass prototype, as describ- 
ed in appendix This method results in a sym- 
metrical response and if the prototype low-pass filter 
were elliptic, then the bandpass will also be elliptic, 
having passband ripple and minima of attenuation in 
the lower and upper stopbands. 

I want to demonstrate some drawbacks of this 
technique, using the 1-dB150-dB lowpass filter 
described earlier as the prototype. The specification 
of the bandpass filter to be designed is: 

passband ripple (Ap) 1dB 
stopband minimum attenuation (AS) 50 dB 
ripple cutoff frequencies 300 Hz. 3300 Hz 
50-dB stopband attenuation bandwidth 4221 Hz 
source impedance 500 ohms 
load imvadance 500 ohms 

The following points should be noted about this fil- 
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fig. 9 .03  kHz response of 500-Hz Bunerworth highpass 
filter with 1-dB150dB fivebranch elliptic low-pass filter. 
showing simulation and practical results. (Low-pass and 
highpass responses also shown.) 
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Rl441Rm) FM RCVRS for 2M or 220 MHz. 0.15uV 
sens.;Bpolextal fllter&ceramic filter in i-f, helical 
resonator front end for exceptional selectivity, 
> lOOdBat * 12kHz,hstavailabletoday. Flub 
ter-proof squelch. AFC tracks drifting xmtrs. 
Xtai oven avail. Kit only $138. 
A451 FM RCVR Same but for uhf. Tuned 
line front end, 0.3 uvsens. Kit only $138. 

21111,220 $680 $880 

440 $780 $980 

T51 VHF FM EXCITERforlOM,GM,2M, or 
SENSITIVITYSECONDTO NONE; O.~~UV(VHF),O.~UV(UHF)WP. 220MH~.2Wattscontinuous, upto3W 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER intermittent. $Wkit. 

ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 

SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 

nals through any FM transmitter. Auto- 
matically keys transmitter and provides 

1U-146 28-30 
145-147 28-30 

144-144.4 27-27.4 

with any FM receiver todetect packet ra- 
dio or other digital data in "202 modem 
format. Provides audio conditioning and 

COR-2 KIT With audio mixer, local 

mable, clean audio. Kit only $68. 
A16 RF TIGHT BOX Deep drawn alum. 
case with tight cover and noseams. 
7 x 8 x 2 inches. Designed especially for 

DTMF DECODERICONTROLLER KITS. 
Control 2 separateonloff functions with 
touchtones", e.g., repeater and auto- 
patch. Use with main or aux. receiver or 
with Autopatch. Only $90 
AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
repeater receiver. Many other features. ' ForUHF, 28-30 432-4.91 

Model XV4 28-30 435-437 
50-54 432-436 

Kit $99 61 25 439.25 
144-148 432-436' 1 Wired$169 ' ~ d d  W f o r 2 M  input 

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

kits from $78. 

Model Tuning Range 
H RA-144 143-150 MHz $49 
H RA-220 213-233MHz $49 
H RA-432 420-450 M HZ $59 
HRA-( ) 150-1 74 M Hz $54 
HRA-( ) 450-470 M HZ $64 

only $90. Requires DTMF Module. 
SIMPLEX AUTOPATCH. Use with your FM 
transceiver. System includes DTMF & Au- 
topatch modules aboveand new Timing 
module to provide simplex autopatch and 
reverse autopatch. Complete patch sys- 
tem only $2001kit. Call orwrite fordetails. 
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fig. 10.0-10 kHz response of 500-Hz Buaemorth highpass filter with 1-dB/E&dB five-branch elliptic low-pass filter, showing 
simulation. 

Capacitors C1 through C5 have inductors L101 
through L105 in parallel and inductors L2 and L4 have 
capacitors C102 and C104 connected in series. The 
value of each additional component has been calcu- 
lated to resonate with the original component at the 
geometric mean of the lower and upper ripple cutoff 

- .  freauencies. That is. if the lower and upper ripple 
I - * s i  c ~ ,  , p, c cutoff frequencies are fl andj2, then the geometric 

mean, fO is given by: 

fig. 11. Experimental 500-Hz Bunemorth highpass filter with 
1-dBI50-dB five-branch elliptic low-pass filter. 

fig. 12. Schematic of the bandpass filter formed from the 500-ohm, 500-Hz Butteworth and O.lSdB150.1-dB elliptic low- 
pass filters. 

3 3 n H  2 2 - H  
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F R E O U E N C Y  

fig. 13. &3 kHz response of 500-Hz Butterworth highpass 
filter with 0.18dB/50.1-dB seven-branch elliptic low-pass 
filter, showing measured response. (Low-pass and high- 
pass responses also shown for comparison.) 

For this filter, f0 is equal to 995 Hz. Taking C1 2 shows the low-pass prototype and bandpass filter 
(0.2051 pF) as an example, L101 is made equal to 124.7 component values. 
mH, giving the resonant frequency of 995 Hz. Table The simulated bandpass filter has the expected 

response, indicating a valid design procedure. There 
are methods of simplifying the circuit by further trans- 
formation, but these considerably complicate the 
design procedure. 

There are two problems with this bandpass filter 
design technique, however. The first is that it results 
in several awkward value components. In this exam- 
ple, L102 (1.08 H) and L104 (385.2 mH) would be diffi- 
cult to wind if homemade inductors were used. C102 
(1.003 pF) and C104 (1.28 pF) are also rather high 
values. This problem becomes worse if a more com- 
plex low-pass prototype is used. Consider, for exam- 
ple, the 0.18-dBl81-dB low-pass filter previously 
described: choosing an inductor to resonate at 995 Hz 
with C2 (6897 pF) would require a value of 3.71 H! 

The second problem is caused by thtt filter's symme- 
try of response. In the example considered, the low- 
frequency response is probably too good for speech 
filtering applications, and the penalty paid is the exces- 
sive number of components (seven capacitors and 
seven inductors) required for the final filter. It would 
be useful if the high- and low-frequency responses 
could be selected separately, both in rolloff rate and 
type. For example, for speech filtering, and rapid roll- 
off elliptic low-pass response would be ideal, along 
with a more modest Butterworth highpass response. 
This is exactly my approach to bandpass filter design. 
It is generally thought that intermediate buffering 

table 2. Component values of 1-dBI50-dB elliptic low-pass prototype and transformed bandpass filter. 

3 kHz 
low-pass prototype 

component value 

C 1 0.2051 pF 

300-3300 HZ 
bandpass filter 

component value 

C 1 0.2051 pF 
LlOl 124.7 mH 
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fig. 15. Experimental -Hz Bunerworth highpa- filter with 
O.lbdB/50.l-dB seven-branch elliptic low-pass filter. 
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should be used between two filter types, but I will 
demonstrate that this is unnecessary and that compact 
bandpass filters can easily be designed and 
constructed. 

Since three low-pass and one highpass (excluding 
the single capacitor) filters have already been de- 
scribed, they will be used to  form bandpass filters. 
Figure 8 shows the schematic of the 500-ohm, 500-Hz 
Butterworth highpass cascade with the 1 -dB/=-dB 
elliptic low-pass filter. The component values shown 
are rounded from the original filters. 

Figure 9 shows the 0 to 3-kHz response and fig. 10 
the 0 to 10-kHz response of the resulting bandpass 
filter. Only the simulated response with rounded values 

I 
0 , 2 3 S 6 I 8 9 10 

and real inductors is plotted, along with the practical 
results obtained. The practical results for the highpass 
and low-pass sections are also shown in the range 0 to 
3 kHz for comparison with the bandpass response. Be- 
low approximately 750 Hz, the bandpass filter follows 
predominantly the highpass section response, and 
above 1.5 kHz the response is predominantly that of 
the low-pass section. Between these frequencies, the 
response is very nearly the algebraic sum of the sepa- 
rate sections. The practical bandpass filter has 3-dB 
cutoff points (measured with respect to the insertion 
loss of 1 dB at 1.9 kHz1 of approximately 675 Hz and 
3 kHz. 

A detailed PC board foil pattern and component lay- 
out are not shown for this filter, but a photograph of 
the completed filter is shown in fig. 11. I simply took 
the two original layouts (part 1, fig. 7and part 2, fig. 
5) and joined them together. Incidentally, it makes no 
difference to the response whether the highpass or 
low-pass section comes first. 

The same procedure has been applied to the 500- 
ohm, 500-Hz Butterworth highpass and the 0.18-dB/ 
50.1-dB elliptic low-pass filters in the schematic shown 
in fig. 12. The response of the resulting bandpass 
design is shown in figs. 13 and 14. Reduced passband 

FREOUENCY l lH11  

fig. 14.0-10 kHz response of 500-Hz Butterworth highpass filter with 0.18-dB150.1-dB seven-branch elliptic low-pass filter, 
showing practical results only. 
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ripple and improved low-pass rolloff are evident 
because of the superior low-pass filter used. 

A photograph of this bandpass filter is shown in fig. 
15. Again the PC board layout is a combination of the 
two separate filter layouts (part 1, fig. 13, and part 
2, fig. 5.) Either of these two bandpass filters would 
form an excellent post-detector filter in a superhet or 
direct conversion receiver. 

NONELL IPT IC  N O N E L L I P T I C  

LOWPASS P R O T O T l P E  TRANSFORMED H IGHPASS 

L I  L  3 L 5 
C I  C 3 C 5  

0 - - n m r \ - ~  ---+It \ I  >t- 

i,: 

appendix A 
low-pass to highpass transformation 

Figure A1 shows a typical nonelliptic low-pass-to-highpass filter 
transformation and a typical elliptic low-pass-to-highpass filter 
transformation. Note that in both cases the minimum capacitor 
implementation has been chosen for the low-pass prototype, so that 
minimum inductor design will result for the highpass filter. 

In both cases, the new component values are obtained by use 
of the formulas: 

L 2 

0 

where capacitors and inductors have their 1 ohm, 1-radlsec values. 
The final values are obtained by scaling to the desired highpass filter 
impedance and cutoff frequency, as shown in part 1, appendix A. 

appendix B 
low-pass-to-bandpass transformation 

A low-pass prototype is first selected which has the same band- 
width as the desired bandpass response. The geometric mean (f0) 
of the lower ( f f  and upper (f2) cutoff frequencies for the bandpass 
filter is then determined by: 

f0 = Jf1.f~ 

L 9 

__O 

Each capacitor in the low-pass prototype is then transformed into 

E L L I P T I C  E L L I P T I C  

LOWPASS PROTOTYPE TRANSFORMED H IGRPASS 

C I  

A~2- fA-0  --i35+;- - I- 
fig. A l .  Schematics of low-pass-to-highpass transformations showing (A) non-elliptic filter, and (B) elliptic filter. 

LOWPASS CAPACITOR 

BANDPASS COMBINATION 

LOWPASS INDUCTOR BANDPASS COMBINATION 

fig. 81. Schematics of low-pass-to-bandpass transforma- 
tion showing (A) capacitor transformation, and IB) in- 
ductor transformation. 

a capacitorlinductor parallel combination as shown in fig. B1A and 
each inductor is transformed into an inductor/capacitor series 
combination, as in fig. BIB. In the case of the capacitor transfor- 
mation, the new inductor value is chosen to resonate with the original 
capacitor at f0. In the case of the inductor transformation, the new 
capacitor value is chosen to resonate with the original inductor at f0. 
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build a 
fail-safe digital clock 

Don't lose count 
when the power fails 

Although digital clocks have simplified keeping 
track of time accurately, they present some problems 
not encountered with synchronous-motor analog 
clocks. When line power is lost, for example, the 
mechanical display of motor-driven clocks provides a 
non-volatile memory that stores the time at the instant 
of power loss. Once line power returns, the motor re- 
starts and continues counting the cycles. Unless an 
extremely accurate measurement of time is needed (for 
keeping a meteor scatter schedule, for example) the 
clock must be reset only when major power failures 
lasting more than a few minutes occur. With digital 
clocks that run on line power, however, even a 
momentary power dropout results in a complete loss 
of time. 

alternatives for standby power 
With synchronous-motor-driven analog clocks 

there's no simple way of providing for a standby power 
source when line power is lost. Electronic clocks, on 
the other hand, offer alternatives. You can, of course, 
power the clock with a battery, but this creates other 
problems: over long periods the time-base oscillator 
frequency error will cause any error in time to increase. 
Crystal aging, frequency sensitivity to changes in bat- 
tery voltage and temperature, as well as the initial ac- 
curacy of the oscillator frequency all contribute to tim- 
ing errors that will eventually require the clock to be 
reset. 

*Two kits that provide a rtatting point are No. JE701 and No. JE747. 
from Jameco Electronics, 1356 Shoreway Road, Belmont, California 
94002. 

A better choice is to combine the best features of 
line power and battery operation. Line power can be 
used to provide an accurate long-term time base, keep 
the battery charged, and allow the use of a light- 
emitting diode (LED) display. Battery power can be 
used to power the clock when line power is lost, with 
a crystal-oscillator time base for keeping time. A logic 
circuit detects the presence or absence of line power 
and puts the clock in the appropriate operating mode. 
Additional logic allows you to override the automatic 
changing of the clock time base and run with the crys- 
tal oscillator for accurate short-term time keeping. The 
clock design presented here has these features and 
has proven itself in over a year of continuous 
operation. 

contribution options 
Besides building the entire clock - including the 

crystal oscillator time base, logic, circuit and battery 
backup - as a project, the design information can be 
used for any clock using the MM5314 IC or its close 
relatives, the MM5309, MM5311, MM5512, MM5313, 
and MM5515. Existing clocks using this IC can be 
modified to add the crystal oscillator, logic, circuit, and 
battery without great difficulty. Another option is to 
start with a digital clock kit and simply add the new 
components*. 

1 Others may want the clock to run only on the crys- 
tal-oscillator time base rather than switch between it 
and line power. The numerous design alternatives 
available allow you to choose the features that you 
want. 

1 clock functions 
The different functions of the clock are controlled 

by the logic circuit (see table 1). A schematic is shown 
in fig. 1. The crystal oscillator and divider IC run con- 

& Mal Crawford, K1MC 19 Ellison Road, Lex- 
ington, Massachusetts 021 73 
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table 1. Logic control definitions. 

function control logic 1 logic 0 

run/ hold S1 run hold 

slow set S2 normal slow set 

fast set S3 normal fast set 

416 digit S4 4 digits 6 digits 

time base S5A normal display enable 

S5B normal crystal oscillator 

display enable S6 normal enabled 

12 hr/24 hr U1-pin 10 24 hour 12 hour 

50 Hz160 Hz U1-pin 11 50 Hz 60 Hz 

4 - 

tinuously to eliminate any startup and shutdown trans- 
ients that would degrade time-keeping accuracy. The 
missing pulse detector monostable selects either line 
power or the oscillator 60-Hz signal for the clock time 
base, based on the presence or absence of line power. 
A switch input to the logic allows the monostable con- 
trol to be overridden so that the crystal oscillator pro- 
vides the clock time base even when line power is 
present. 

To conserve battery power the logic normally dis- 
ables the display when line power is lost. A nonlatch- 
ing, normally open pushbutton switch enables the dis- 
play during battery operation so that the time can be 
read if desired. A two-pole switch selects the crystal 
oscillator time base. One pole disables the 60-Hz signal 
from line power so that the monostable times out and 
allows the 60-Hz signal from the oscillator/divider to 
run the clock. The other pole parallels the display 
enable switch and keeps the display on when running 
in the crystal-oscillator time-base mode. 

The runlhold switch stops the clock from counting 
when setting the time. Two nonlatching, normally 
open pushbutton switches allow fast and slow time 
set: fast set advances the time at one hour per second; 
slow set advances it at one minute per second. An- 
other switch selects either a four-digit (hours and 
minutes) or a six-digit (hours, minutes, and seconds) 
time display. The seconds display is necessary when 
setting the clock, but is distracting when logging or 
recording time; more than once I've found myself writ- 
ing down the wrong four digits on the log sheet. 

The clock IC can display time in either a 24-hour or 
12-hour format. If a 12-hour format is desired, pin 10 
of U1 should be grounded. Two LEDs are used as 
colons between the hours digit and tens of minutes 
digit on the display. Besides giving the unit a more 
clock-like appearance, the LEDs serve as pilot lights. 
When line power is lost, only the display digits are 
disabled by the clock 1C. The colons remain lit to show 
that the ctock is in the battery mode and operating. 

circuit details 
Power supply. The AC line circuit follows standard 
design and safety practices. A three-wire plug and 
cord are used, with the ground wire (green) connected 
to the clock's metal case. A transient suppressor, V1, 
protects the MOS and CMOS ICs from high amplitude 
voltage transients. C1 filters transient high-frequency 
components as well as any RF that may be on the 
power wiring. (If your line power is extremely con- 
taminated with transients, it may be necessary to add 
small inductors to the power lines to give the capacitor 
a higher impedance to work against.) I included a fuse 
to prevent failure in the clock from creating a fire 
hazard and protect the transient suppressor from fail- 
ing under long-term high-voltage conditions. 

The transformer has a 12.6 volt RMS secondary with 
a current rating of 200 mA. The rectified output vol- 
tage under load should be in the range of 11 to 16 
volts. The LED display draws the major portion of the 
current in the clock. The 200 mA rating is the minimum 
for the transformer because of LED display loading. 
Higher current transformers should be used if space 
is available. A diode bridge rectifier is used with the 
filtering provided by C2. The filter capacitor also makes 
the transition between line power and battery power 
smoother by slowing down the voltage rate of change. 
A smaller value capacitor, C3, is in parallel with the 
filter capacitor to bypass any residual power transient 
high-frequency components or RF signals. Another 
capacitor, C17, provides additional bypassing. 

Battery supply. The NiCad battery circuit also in- 
cludes a trickle charging resistor, R1, and a blocking 
diode, CR5. R1 gives a trickle current equal to a hun- 
dredth of the battery capacity. The battery has a 
capacity of 65 mA per hour, which requires a trickle 
current of 0.65 mA to maintain full battery charge. The 
normal slow charge rate is 7mA for 14 hours. If other 
types of rechargeable batteries are used, be sure to 
change the value of R1 to obtain the correct trickle 
charge current. 

When the battery is powering the clock, the cur- 
rent will flow through CR5 to avoid the high resistance 
path through R1. A diode keeps the voltage drop to 
a minimum. With the time display disabled, the clock 
circuit draws about 8 mA, so approximately 8 hours 
of continuous battery operation is possible. The abso- 
lute minimum supply voltage for the clock is probably 
under 5 volts, so that the readily available 9 volt NiCad 
battery can be used. 

Clock integrated circuits. The clock IC requires ex- 
ternal components to drive and multiplex the LEDs in 
the time display. This multiplexing is necessary to 
reduce the peak current drawn by the display and 
reduce the number of pins required on the IC. If the 
six digits with their seven segments were driven direct- 
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I fig. 1. Schematic diagram of the digital clock, with battery backup and crystal oscillator time base. 
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ly, 42 logic lines would be required. By wiring all the 
digit segments in parallel and multiplexing, only 13 
logic lines are needed. Seven outputs are for the seven 
segments in each LED digit and six outputs for the six 
digits. The logic inside the clock IC keeps track of 
which digit is being enabled and turns on the correct 
segments. The digits are scanned at a rate of approxi- 
mately 1 kHz. The multiplex frequency is determined 
by C4 and R2, and is approximately equal to 3/ 
(R2xC4). The display driver devices are general-pur- 
pose switching transistors. The LED segment currents 
are determined by R3 through R9. 

The external clock controls have bypass capacitors 
across their switches to reduce any RF pickup or 
switch bounce transients. The pullup resistors at the 
clock IC allow the bypass capacitors to follow the 
operating voltage when changing between line supply 
and the battery. The input resistances of the clock IC 
are high because of the P channel MOS construction. 

The capacitor holds the lower battery voltage while 
the clock IC is running on the higher line supply volt- 
age, and misinterprets that as a logic 0 instead of a 
logic 1. Before the pullup resistors were added, the 
clock gained exactly one minute every time it went 
from battery to line supply power because of the 
capacitor storage time. Since the capacitor memory 
time depends on its value and the input resistance of 
the clock IC, it was easier to add the pullups than to 
fine tune each clock for proper operation. The pullup 
resistor values are much smaller than the clock IC in- 
put resistance. The time constant is 0.1 millisecond 
to prevent false logic conditions caused by power 
transitions. 

Oscillator/divider. The oscillator/divider, U2, pro- 
vides a crystal oscillator-based 60-Hz output. The divi- 
sion ratio is fixed at 59,659, so a variable capacitor sets 
the oscillator frequency to the exact value of 3,579.540 
kHz. A buffered oscillator output is available when set- 
ting the frequency to avoid test equipment loading ef- 
fects. If you don't have an accurate frequency counter 
to set the oscillator, or if crystal time-base accuracy 
is not critical, variable capacitor C10 can be replaced 
with a fixed 33 pF mica capacitor. To gauge the accu- 
racy you need, remember that a I-Hz oscillator fre- 
quency error will amount to a 8.81-second time error 
over the course of a year. Crystal frequency tolerances 
will be about k 300 Hz from their nominal value, with 
aging contributing a long-term downward drift of 3-7 
Hz/year. The frequency of the oscillator also depends 
on its supply voltage. My unit had a sensitivity of 
approximately 10 Hz/volt over the range of 6 to 12 
volts. If battery backup is your main operating mode, 
adjust the crystal oscillator frequency while running 
on battery power. 

from one side of the power transformer secondary. 
A low-pass filter consisting of R16 and C12 attenuates 
high-frequency transient components that might get 
into the clock circuit and the time base. A diode clamp, 
CR8, protects the input to U3 by preventing the input 
voltage from exceeding the supply voltage by more 
than a diode drop. A high value resistor, R17, provides 
a DC path to ground for the capacitor. The resistor 
prevents the leakage currents through the diode clamp 
or rectifier diodes from charging C12, which would 
create a false logic 1 indication to U3 when operating 
from the battery. Schmitt trigger NAND gate U3A 
converts the analog 60-Hz signal from the low-pass 
filter into a digital signal that is used in the logic cir- 
cuit. The other input to U3A selects the crystal oscilla- 
tor 60-Hz signal for the clock time base by applying 
a logic 0. 

Monostable U4 is the heart of the logic circuit since 
it makes the decision that controls the enabling of the 
crystal oscillator time base and the disabling of the 
display. The monostable is used as a missing pulse 
detector by making it retriggerable with a pulse width 
slightly longer than the period of the 60-Hz input. By 
making the monostable retriggerable, its Goutput will 
stay a logic 0 as long as the line supply is providing 
60-Hz signals, since the pulse width is longer than the 
input signal period. When line power is lost, the mono- 
stable times out and the a output changes to a logic 
1, which allows the crystal oscillator/divider output 
signal to toggle the output of U3B at a 60-Hz rate. 

Since the accuracy of the monostable pulse width 
is important, a precision version of the regular CMOS 
dual monostable is used for U4. The device is specified 
to have a timing error of less than +2  percent over 
its operating temperature range. To take advantage 
of the monostable accuracy the values of the two 
external timing components, C16 and R20, must also 
be accurate and stable. Metal or carbon film resistors, 
rather than composition resistors, should be used 
because they are available in 1 percent tolerances and 
are stable with respect to ambient temperature and 
moisture conditions. Polycarbonate or NPO ceramic 
capacitors are suitable for the timing capacitor appli- 
cation. Other types of capacitors using dielectric 
materials such as mylar, polyester, or Teflon@ should 
be suitable in this application over the expected range 
of ambient room temperatures. General-purpose cer- 
amics, as well as electrolytic and tantalum capacitors, 
should not be used for the timing capacitor because 
their values will change with temperature, time, and 
applied voltage. 

Because the monostable pulse width is equal to the 
product of C16 and R20, a wide range of component 
values can be used. While the application literature 
from the different monostable producers regarding the 

Logic. The 60-Hz line power time-base signal is taken range of component values is conflicting, the resistor 
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value can go from a minimum value of 5 kilohms to 
a maximum value of 10 megohms. The capacitor 
values are allowed to go from a minimum of 5000 pF 
to a maximum of 100 pF. For capacitor values above 
0.5 pF, a diode from the timing resistor-capacitor junc- 
tion to the supply voltage is recommended to protect 
the monostable. The minimum resistor value is deter- 
mined by the current sink capabilities of the mono- 
stable, while the maximum value is limited by the 
leakage currents in the monostable and printed wir- 
ing board. The minimum capacitor value is limited by 
the parasitic capacitances associated with the mono- 
stable and the printed wiring board, while the maxi- 
mum is limited by the current sink capabilities of the 
monostable. 

Other components outside these two ranges will 
allow the monostable to operate, but the pulse width 
will differ from the formula value. The design pulse 
width for the monostable is 19.0 milliseconds, about 
14 percent longer than the 16.7 millisecond period of 
a 60-Hz signal. The longer pulse width duration allows 
for a 3 percent error in monostable timing accuracy, 
a 2 percent error in timing resistor value and a 10 per- 
cent error in timing capacitor value. The component 
value ranges are wide enough to eliminate any parts 
procurement problems. If the exact values needed 
cannot be obtained, the monostable pulse width can 
be made longer than 19.0 milliseconds without hav- 
ing a significant effect on clock operation. The only 
drawback to increasing the monostable pulse width 
is that the dead time in the transition between line 
power time base and crystal oscillator time base will 
increase slightly. Designing the correct monostable 
pulse width was preferred instead of building the cir- 
cuit then going through a time-consuming testing pro- 
cess to select the correct resistor value. 

The remaining three Schmitt trigger NAND gates, 
U3B, U3C, and U3D, are for logic functions involving 
the operation of the time display and time-base selec- 
tion. Ordinary NAND gates would be suitable in these 
three applications if the logic is changed for any 
reason. The design goal for the clock circuitry was to 
keep the number of parts to a minimum, so the logic 
was built to make do with the single quad NAND IC. 
Other logic modes can be included by the addition of 
different gates. 

modifying clocks 
With the MM5314 clock IC, modifying a clock or 

kit is very simple. Most of the work lies in mechanical 
areas. The locations of the new circuits, battery, and 
switches must be determined using the available clock 
volume and the existing installed components. The 
first step in the electrical modifications is to wire the 
battery with its blocking diode CR5 and changing resis- 
tor R1. The existing clock circuit board should have 

fig. 2. Digital clock PC logic board. (A)  parts layout; (B)  
wiring pattern (actual size). 

I-I-I---I- r..... .. 

enough room to mount the diode and resistor, as well 
as numerous places to pick up a power return connec- 
tion for the battery's negative lead. A push-pin drill 
and a No. 66 bit (0.031 inchl0.79 mm) can be used 
to make holes in the printed wiring board for new com- 
ponent leads. A small piece of copper foil with an 
adhesive backing can be used to make a junction point 
for the battery's positive lead, the resistor, and the 
diode. 

- 

-1 
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table 2. Parts list. 

component description 

B 1 Nicad battery (GE No. GC-90 or Radio 
Shack No. 23-126) 

C 1 0.005 pF, 1 kV ceramic 
C2 220 pF, 25 volt electrolytic 
C3-C17 0.47 pF, 25 volt ceramic 
C4-C8 0.01 pF, 25 volt ceramic 
C9 0.1 pF, 25 volt ceramic 
C10 4-26 pF variable 
C11 33 pF, 25 volt mica 
C12-C15 0.01 pF, 25 volt ceramic 
C16 0.1 pF ? 10 percent polycarbonate (see 

text) 
CR1-CR5 silicon rectifier diode (IN40021 
CR6-CR7 light emitting diode (MV50) 
CR8 small signal silicon diode (IN914 or 

1 N4148) 
F 1 fuse 1 /8 ampere 
Q1-06 PNP switching transistor (2N3906 or 

2N2907) 
07-Q13 NPN switching transistor (2N3904 or 

2N2222) 
R1 7.5 kilohm (see text) 
R2 470 kilohm 
R3-R9 270 ohms 
R10 4.7 kilohm 
Rll-R14 10 kilohm 
R15 22 megohm 
R16 100 kilohm 
R17 1.0 megohm 
R18-R19 10 kilohm 
R20 191 kilohm _+ 1 percent precision film 

resistor (see text) 
S1-S4 single pole, single throw toggle switch 
S2, S3, S6 single pole, single throw, normally open 

nonlatching pushbutton switch 
S5 double pole, single throw toggle switch 
T1 power transformer 12.6 volt1200 mA 

(Radio Shack No. 273-1385) 
U1 MM5314 clock integrated circuit 
U2 MM5369AA oscillator/divider 
U3 CD4093B quad NAND Schmitt trigger 
U4 MC14538B dual precision monostable 
U5-Ul l LED seven segment common cathode 

digit (FND No. 70, DL704, MAN 74 or 
Radio Shack No. 276-0671 
transient suppressor (GE No. V130LA10) 
color burst crystal, 3.58 MHz (Radio 
Shack No. 272-0671 

After the battery has been charged, the battery 
backup mode can be tested by unplugging the line 
cord. If the clock shows the time it displayed when 
unplugged, the battery is doing its job. (The time 
display may dim, but this is expected because the bat- 
tery voltage is lower than the line-supply voltage.) 
When plugged back in, all clock functions should re- 
turn to normal. There should be no jumps in the time 

displayed by the clock as it's unplugged or plugged 
back in. The battery must be disconnected, and the 
clock unplugged, whenever additional modifications 
or changes are made to the clock. 

Adding the oscillator/divider and logic involves three 
steps. The first is to connect the power and power 
return to the board, and connect the three-mode logic 
switches. The next step is to connect the display en- 
able logic signal to pin 1 of the clock IC, Ul .  If this 
pin on the clock IC is floating, or connected to the 
supply with a pullup resistor, just connect the l ~ g i c  
signal. When the pin is connected to the supply, the 
connection must be broken before connecting the 
logic signal. Operation of the logic circuit can be tested 
at this point before completing the modifications. Con- 
necting the battery, and unplugging the clock, will 
power up the circuit. If the time display is on, chang- 
ing the position of the time base switch, S7, should 
disable it. With the 60-Hz line power signal not yet con- 
nected, there is no input to trigger the monostable, 
so the logic should disable the time display. Once the 
display is off, pushing display enable switch, S6, 
should cause it to come on. 

The last modification step is to disconnect the 60-Hz 
signal into pin 16 of the clock IC, U1. The clock should 
have a network similar to R16, C12, and CR8 to filter 
and clamp the input to the clock IC timing input. Break 
the connection of this network to pin 16, and connect 
the clock time signal from U3 pin 11 to U1 pin 16. Then 
connect the network junction to U3 pin 1 to complete 
the modification. The clock can now be set to the cor- 
rect time, the crystal oscillator frequency set, and the 
remaining logic features tested. 

construction details 
A painted aluminum case houses the clock's elec- 

tronics. A 3 x 6 x 4-inch (7.62 x 15.24 x 10.16cm) 
deep case provides ample room for the three boards, 
battery, power transformer, and logic control swit- 
ches. Smaller cases could be used, but mechanical 
layout and assembly would be more difficult. As 
shown in fig. 1, the three boards are divided by func- 
tion. One board contains the clock integrated circuit, 
rectifier, and display driver circuits. The second board 
contains the LED digits and colon, with the last board 
containing the oscillator/divider and logic circuits. A 
complete parts list is provided in table 2. My clock 
was assembled from purchased clock and display cir- 
cuit boards, so only the oscillator/divider, and logic 
components are shown, (fig. 2). The board is single- 
sided, copper-clad material. The copper layer is the 
top, or component side, and is used as the ground. 
Copper foil tape on the glass-epoxy side of the board 
is for wiring runs. The wiring layout was kept to one 
side of the board at the expense of using jumper wires 
for crossing runs. Mounting holes are at the bottom 
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of the board, with terminals at the top for wiring the 
board to the remainder of the clock circuits. 

One unexpected problem was that the ambient 
room light made it difficult to read the time display at 
certain viewing angles and also made the display 
printed wiring board and the LED DIPS visible. The 
solution was to cut a piece of red acetate to fit behind 
the clear acrylic plastic windows in the case. The color 
of the acetate matches that of the LED display so that 
the digits can be read, but exterior light is filtered out. 
Commercially available display bezels use colored or 
smoked plastic covers to cut glare, but are more ex- 
pensive than colored acetate. 

operation 
Once the clock has been wired, and the logic opera- 

tion checked, there isn't much left to do. The oscillator 
frequency should be measured after a few months of 
operation and reset if aging has lowered the frequency. 

, Only yearly frequency checks are necessary after that 
because the aging rate will reach its asymptote. The 
battery should be checked and inspected periodically 
for leakage or failure; the simplest way to check the 
battery is to unplug the clock and see if it works under 

7 battery power. 
Since the clock is portable, it can be carried to a 

new location without resetting. But keep in mind that 
some of the components will not operate properly 
under extreme temperature conditions. Most commer- 
cial-grade ICs are specified for operation between 32 
degrees F and 158 degrees F (0-70 degrees C) so if 
you take it out in the cold weather the clock should 
be insulated or heated. After setting the oscillator fre- 
quency of my own clock at work, where a very accu- 
rate calibrated frequency counter was available, I 
transported it home in 0 degree F ( - 16 degrees C) 
weather. The clock IC held the time it displayed when 
I left the building because the cold stopped the crystal 
oscillator. Once back home, the oscillator warmed up 
and started, leaving me with a half-hour hole to ac- 
count for. If outdoor or automotive operation of the 
clock is planned, the components should be either in- 
dustrial ( - 13 to + 185 F/ -25 to +85 C) or military 
( - 67 to +257 F/ - 55 to  + 125 C) temperature range 
rated to  ensure proper operation. 

conclusion 
Adding a battery power backup and crystal oscillator 

time base to line-powered digital clocks is a practical 
way to  overcome their operating problems when line 
power drops out. This clock has been running for a 
year and a half - including successful battery-power- 
ed operation through three long outages totaling 11 
hours, and through plenty of shorter dropouts - with- 
out being more than 10 seconds off from WWV time. 

ham radio 
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For more than 40 yearr we 

"AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER" 0- ;. !/community with QUALITY PRODUCTS and 
DEPENDABLE "SE-R-V-I€-E" ond. we fully ~ntend to 
carry on this proud tradition with even MORE new 
(xoduct lines plus the same "fair" treatment you've 
come to rely on. Our reconditioned equipment is of the 
finest quality with 30. 60 ond even POday parts and 
labor warranties on selected pieces. 
And, remember. . . 

SELL-TRADE 
New & Reconditioned -- - 

HAM EQUIPMENT 
Cal l  or W r i t e  Us Today F o r  a Quote! 

You ' l l  Find Us t o  be  Courteous, Knowledgeable - WE SERVICE WHAT WE SELL - 
OPEN SATURDAYS a n d  Honest  

from 9-1 P.M. (CST) 
CLOSED 

sUNDAvsIHoLIDAys I PHONE (605) 886-731 4 A U  DM#[ MOStLEY 
AMtCO ENCOMM NYt 
AMERlTRDN HUSTLER PALOMAR 
ANTEK ICOM RADIO CALLU)(H( 
ARR1 JANEL ROBOT 
ASTROM KANlRONlQ ROHN 
ANTENNA KDK I HYGAIN 

SPEClAllSlS KLM TEN.TfC 
BLW LARStN 1RIO.KENWOOD 
BtNCHlR MFJ UNADllLA I RtYCD 
BUTTERNUT MINI-PRODUCTS YAESU 
CUSHCRAFT MIRAGE 
DlAWA 

AEA AMT-1. REGULARLY $479.95 

NOW ONLY $299.95 ,-, , - . - . , 
THE AMTOR TERMINAL UNIT1 1 1 Works with any 

P 0. Box 73 ASCII termlnal or personal computer with a terminal 
208 East Kemp program. Also works RTTY. CW. ASCII. 

Watertown. SD 57201 ORDER YOURS TODAY ! Limited quantities 

- m 

40180 Meter Antenna Kit er Your Antenna i 
Kit Today! , 

For "Perfect Dipole" I 

Onlv $65.OC : - ... 
& UPS s4 Quick installation - Nothing Else to Buy hipping In 

END-sulator ' KW-40 KW-40 END-sulator 
Trap Trap 

Ime - 
ldress - 
hl 

W2AU Complete Kit 

W2AU 1 : 1 Balun 
Palr of W2VS KW-40 Traps 

Free full line 1 25' # 14-7 Copper Wlre 

catalog shipped Complete lnstallatlon 8 
w~th each order Prunlng lnstruct~ons 

I 

ArnEx V I P  n Mastercard : 
Card 
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Get "perfect dipole" (low SWR) operation on both bands, plus "second i I -800-523-00;r 1 

resonance" operation on 10, 15 and 20 meters. Complete instructions i 
result in quick, accurate installation and prun- i 24 HOURS-7 DAYS A WEEK! ! 
ing to low operating SWR. , NYlHllAKlCAN residents p lwsa use coupon i 

" collect 315-437-3953. 8-5 EST ; 
Every component in the 40180 meter kit is i 

an old line, reliable UNADILLA product, time- i 
tested with hams for at least 15 years! I , 

FREE catalog describes a complete line of I60 DAY MI NCK GUARANTEE j 
baluns, remote antenna relays and antenna i ,n,,lll,,e,, a 

I 
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ENGINEERING 
MAKES THE DIFFERENCE 

Production Expertise And Service Integrity 
Form The Foundation For Your Long-Term Satisfaction 

The fact that the Computer Patch Interface unit by Advanced Electronic Applications, Inc. is known as the best value on the 
market is  no accident. The CP-I  was designed hy Al Chandler, K6RFK (PHD-E.E.), an active RTTY user since 1963. 

Given a cost per unit budget for the CP- I. Al designrd as much performance as possible into the Computer Patch, includ- 
ing a unique new tuning indicator, referred to by oneof our customers as the "Dead Eye Dick" tuning indicator. This indicator 
is  ideal for RTTY and CW. in that it is  both fast to tune and (within 10 Hz) as accurate as scope tuning. It also performs under 
poor signal to noise conditions in whict* other indicators provide no useful data. 

Al's variable shift tuning wasdesigned to move the space filter center frequency from 2225 Hz to 3125 HZ without changing 
the bandwidth (by varying the Q of the filter). All thisisaccomplished usingaprecision ganged potentiometer toassure proper 
tracking of the multiple filter stages. Wecould have used a pot costinga tenth as much by simply usinga two-pole filterdesign. 
but we-feel the advantage of a sharper filter reduces the noise bandwidth significantly and allows the variahle shif!control to be 
used like passband tuning for extra elimination of adjacent channel interference. 

Some manufacturers are concerned that amateurs might try calibrating their own equipment and, therefore. have used 
non-adjustable components. which results in sub-optimal performance. Although more costly. trimpots used in AEA equip- 
ment allow factory adjustment for performance to design specifications. Competently designed actlve filter circuits need not 
be adjusted after leaviny the factory; however, for spc,cialized use the owner can easily change filter parameters. 

Mindful of the fact that many of our customers are new lo  RTTY. Al made the CP- I tuning as forgiving as possible, while 
providing the most critical operator a piece of equipment in which he could be proud. Even old "pro's" are surprised at the 
poor signal conditions under which the CP.1 will stil l provide good copy. 

You can now experience the BEST RTTY, CW, and AMTOR offered. Couple the CP-1 with our new AEASOFTTMsoft- 
ware packages designed for the MARS. SWL, or amateur radiooperator, and you will feel a pride reminiscent of what "made 
in U.S.A." brought in years gone by. Please do not hold the low price of the CP- 1 against us. This is one case where you get 
much more than you pay for relative to any of the competitive units. For more information send for our FREEcatalog. Better 
yet. see your favor~te dealer 

~ V H F  Brings you the 
r, 191 Breakthrough! 

COMMUNICATIONS 
915 North Maul Street 

Jamestown, New York 14701 (716)664-6345 



A high performance 4 GHz, 70  MHz input 
receiver featuring programmable video 
and audio, hand held remote, four dif- - :- 

speed scannlng modes and b u ~ l t - ~ n  stereo \, .\* 
4 I-; 

processor 

... I.... 

Offers independent channel selection for 
multiple TV sets from a single antenna, with a 
selection of up to 24 individual channels from 
a single satellite. The Mark 2 also features 
individually programmed audio, automatic fine 
tuning control. fine tuning storage, special 
function switches and built-in stereo processor. 

Offers versatility and quality performance includ- 
Ing fine tun~ng and video, automatic audio and 
video digital memory, automatic polarization and 

1.1 

four programmable audio modes. ~,, .5*1~ 

The Northeast's Leading Distributor 

Satellite Sales and Marketing Assistance 

Video Factory Authorized Service 

Services Professional Training Seminars 
Co-op Advertising Support 
Automated UPS Shipping 

S~IPIIIIP V I~PO 
Srrv~cr~\ Iric 

RR #1. Box 85 S 
C.atsklll. NY 124 14 
51 8-678-9581 

800-528-DISH - Natlonal 
800-831-DISH - NY Only 

Uniden MIA Corn Norsat 

Sa t~ l l i t ~  Viclrc~ Satellite Vitleo Satellite Video 
Srrv~cps NH. Ilic. Services PA. I~ ic .  Services WNY. Inc. 

RFD #2. Harr~rnan Hill Rd. 31 7 E. Pleasant Valley Blvd. East Avenue Extension 
Raymond. NH 03077 Altoona. PA 16602 Hornell NY 14843 
603-895-3 182 8 14-942-5003 607-324-3435 

800-448-001 2 - National 800-242-3860 - PA Only 800-641-0018 - NY Only 
800-367-8899 - National 800-831-1 134 - National 

Gensat HoustonTracker Winegard Conifer Laux Orbitron Kaul-Tronics 
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How does 0.1 -905 MHz 
coverage sound to you? 

add general coverage 
to Yaesu's latest VHF-UHF receiver 

The newly released Yaesu FRG-9600 receiver 
represents a significant advance in price/performance 
capability: it's the first communications grade receiver 
to  offer all-mode capabilities, computer interface, fre- 
quency synthesis and broad coverage - 60-905 MHz. 
The receiver design is based on the use of already 
designed TV and FM modules and integrated circuits'. 
These subassemblies have been combined in a very 
small package that gives good performance and makes 
for a highly flexible bench receiver. 

There are few things, however, that one might wish 
had been done differently: the image rejection is 
modest and poses some problems in RF-dense urban 
areas. This problem is compounded by front-ends that 
have good sensitivity but poor large-signal handling 
capability: Band selection data is available at a con- 
nector on the back panel, but the VCO tuning voltage 
is not available. This makes the use of external track- 
ing filters difficult to implement. Finally, incorporating 
one additional conversion to allow reception of the 
0.1-60 MHz range would have resulted in a receiver 
with outstanding coverage and flexibility. 

As one of the early users of this receiver, I decided 
t o  add an external HF converter that would cover the 
range 0.1-60 MHz, thereby giving the receiver an 
overall range o f  0.1 to XI5 MHz. 

basic converter scheme 
In the HF part of the spectrum, very large signals 

are available at the antenna terminals because of the 
size of the antennas used. It was determined, there- 
fore, that a converter with good large-signal perform- 

I ance was essential. Image rejection problems can be 
easily handled by using an up-converter. (An up- 
converter simply means that the first IF is higher than 
the highest received frequency.) 

In this case, the frequency range 0.1 to 60 MHz is 
converted to 100.1 to 160.0 MHz, permitting the dis- 
play of the FRG-9600 to be read directly in MHz by 
simply ignoring the most significant digit (the 1 in 100 
MHz). Unwanted mixing products are reduced about 
20 dB by the use of a commercial double balanced mix- 
er. Overall gain of the converter is about 0, which re- 
tains the original sensitivity characteristics of the 
receiver. Finally, all the antenna switching is automatic 
when the converter is activated. The basic converter 

I block diagram is shown in fig. 1. 

circuit description 
The complete schematic diagram for the converter 

is shown in fig. 2. Power is provided from the auxiliary 
8 volt RCA phono jack on the back panel of the 
FRG-9600. This jack can deliver 8 volts at 200 mA, 
more than enough for the converter. Power is applied 
through switch S1 and a protective diode. When the 
converter is off, relay K1 is not energized and the 
antenna connection from the VHFIUHF jack on the 
converter is straight through to the FRG-9600. When 
S1 is closed, the converter is activated and K1 is 
energized, switching to  the HF antenna and the out- 
put of the up-converter. 

Signals from the HF antenna jack are applied to  a 

By Ernie Guerri, WGMGI, ham radio, Greenville, 
New Hampshire 03048 
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I Here are 2 dozen exanlples I 

Introducing the BUTTERFLY TM 

Beam from Butternut! 

The HF4B Compact, 2-element 
Beam for 20-15-12-10 meters T 

Compact Size Performance 
The HF4B's 12%-foot elements and &foot The HF4B BUTTERFLY '" has not 
boom are ideal for home-station use and sacrificed performance for compactness. 
for weekend retreats, condos, apart- Its uniqueidesign with fanned elements 
ments and other places where oversized and L-C circuits avoids use of power- 
beams are prohibited. Its light weight robbing traps yet provided high-efficiency 
(1 7 pounds) means it can be turned with operating on all bands. The BUTTERFLYm 
a tv rotator, yet it is robustly con- outperforms anything in its class. 
structed in the best tradition of our 
world-famous Butternut verticals. The HF4B offers an SWR of 1.5:l or less at 

resonance. Its 2: l  bandwidth is 200 kHz on 
See your authorized 20 meters, 450 k ~ z  on 15, 1.7 M H ~  on lo,  

and across the entire 12 meter band. And it 
Butternut dealer will handle the legal power limits both CW & 

SSB. Gain is at least 3 dB on 20, 4.5 dB on 
15 and 5 dB on 10 8.12 meters. Front-to- 
back is up to 18 dB on 10.12 and 20m, and 
up to 15 dB on l5m. 

BUTTERNUT ELECTRONICS CO. 
405 East Market Street 
Lockhart, Texas 78644 

Please send all reader inqulrles d~rect. 

Major Manulaclurers Faclory Boxed and Full lins ol 
Sylvanla ECG Rsplacsmsnl Ssm~conductors 

@Hbncn@-  

CrystaI 
T FII ters !!fP 

TS430S KIT IMPROVED! 
Superior tail-end cascading kit includes gen. 
uine 8-pole Fox Tango filter on tuned IF  board, 
Mil-spec silver braid teflon coax, complete in- 
structions. Improves Selectivity. Shift operation; 
reduced IF noise. 

Reg. ~ 5 .  NOW only $75 wR.1KHz filter. 
AISO 250, 400, 1800, 6000 Bandwidths - $60 ea. 
DISCOUNT: 10% off  on any 2 or more of above. 

SHIPPING: $3 US. $5 Air (US & Canada), 
$10 Elsewhere Order by mail or phone 

VISAIMC or COD accepted 
Ask About Our Filters For Many Other Rigs. 

FaX-TANGO Gorp. 
Box 15944, W. Palm Bch, FL 33416 

Telephone: (305) 683-9587 

Over 8,000 sold 
0.5 - 200 MHz 
19 dB gain 
50 52 inloutput 
For receivers, counters, transmitter 
amp stages 
Built, tested & ready-to-go 

AMATEUR Self-stick RADIO 1x3 labels MAIL LISTS 

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

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

BUCKMASTER PUBLISHING 
Mlneral Vlr inia 23117 

705:893-5777 

I ONLY $9.95 + $1 shipping I 

I 
Fits in your shirt pocket 
Uses 1 %volt battery 
4 digit LED readout, 6 digit resolution 
1 MHz - 500 MHz 
Great addition to shack and toolbox I 



6 0 - 9 0 5  
- 

MHz l 
o\-< + 8  "OC 

VHF/UHF KI 
INPUT 100 MHz 

CRYSTAL 
1 5 0  OHMS) 

ANZAC OSCILLATOR 
MO-108 

7 2  MHz 1 
L P F  

b'2 
r'- -BOdB AT 8 6  MHz 

H F  
INPUT 

0 . 1 - 6 0  
MHz TO F R O - 9 6 0 0  

)ANTENNA 
1 5 0  OHMS) CONNECTOR 

-20dB AT 2OOMHZ 

fig. 1. FRG-9600 HF converter block diagram. 

47 

IWm d.rerIpllon 
112W 8 V  FROM 

R l  Poller~BNmllUd 1-I0 i.hr nlarI5 Wt eo,, F R O - 9 6 0 0  
11-L4 5 turns. No 20, 6 mm ID. S p r d  6 mm 
LS, 16 5 lums. No. 22. 4 mm ID. 8p.c.d 10 mm 
L7 0.10.3 pH wllh 1 turn !Ink 
La4 I 0  3 lwn. No. 18, 6 mm lo, sp.~w l mm 
No#.: All nabton I N  w.11. 5 p v ~ e n l  c a b "  commrlllon 
411 ~ . w I I o n  disc c e m l c  unless ~lher*lis. noted 

7 P Y H z  
7 LOW PASS FILTER 

Le LI 10 I 0  0 0 0 1  L I  

/ I  

TO 
F R O - 9 6 0 0  
ANTENNA 

CONNECTOR 

Eic.pt as lndlc.l.d, d.clm.1 
11u.s 01 c#P.cII~~s. a n  m mlcro 

6 0 - 9 0 5 Y H  1.ndr (+Fk 0lh.o are In plcollr 
v n F  UHF ads (pfk r.SiS1,nC.S a n  ohms 

k = 1 . m  

H F  
0 1 - 6 0 1 M z  

fig. 2. FRG-9600 HF converter 0.1-60 MHz. 

low-pass filter and broadband large-signal amplifier. 
The amplifier stage uses a 2N5109, which is designed 
for low distortion, large-signal CATV applications. 
Note the rather complex network in the emitter of the 
2N5109. This network shapes the overall response of 
the amplifier stage, making it quite flat from about 1-90 
MHz. Gain of this stage is approximately 11 dB, and 
the noise figure is about 4 dB - more than adequate 
for general purpose HF work. The RF stage can handle 
input signals of approximately 0 dBm before any 
observable compression takes place. 

The input filter is absolutely essential to the opera- 

tion of the converter. Because the output of the con- 
verter is in the middle of the commercial FM band, it's 
important that FM signals through the RF amplifier be 
heavily suppressed. The input filter has a cutoff fre- 
quency of 72 MHz and is down 50 dB at 85 MHz. The 
filter should be built in close compliance to the design 
shown. The use of silver mica capacitors is a must, 
and they should have the shortest leads you can work 
with. Be sure that L2 is oriented 90 degrees to L1 and 
L3 so that no coupling takes place between any of the 
inductors. This same precaution applies to the induc- 
tors in the output filter. Note that these filters are 
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terminated by a simple resistive pad to assure that 
their characteristics are preserved with reactive 
terminations. 

Because the 2N5109 is capable of considerable gain 
well into the VHF region, good VHF practice should 
be followed in layout and construction. All capacitor 
leads should be as short as possible. Ferrite beads on 
the base and collector leads suppress any tendency 
the stage might have to oscillate at VHF. The proto- 
type showed no instability under any operating con- 
ditions. The mixer and local oscillator are straight- 
forward. The 2N5179, used with a 100 MHz series res- 
onant crystal will deliver about + 8 dBm of LO power 
to the mixer - just right for the MD-108. This particu- 
lar oscillator design is not very low-noise, but it's easy 
to use and adjust, and phase noise is not a major con- 
sideration in this application. Simply adjust the slug 
in L7 until the oscillator starts reliably each time. If 
you have an RF voltmeter, adjust L7 for maximum sig- 
nal at pin 5 of the balanced mixer. 

The Anzac MD-108" is a low cost general purpose 
mixer good to several hundred MHz. Other general 
purpose units should perform equally well. Since the 
mixer creates products and harmonics of the input sig- 
nals, some precautions are in order. Because we're 
using the mixer to up-convert, the RF and IF ports are 
reversed from their normal order (see fig. 1). The out- 

put is taken at pin 4, and consists of some HF feed- 
through, plus the mixing products of 100 MHz. The 
175 MHz low-pass filter assures that we do not hear 
products that would otherwise be repeated, with 
diminished amplitude, every 100 MHz throughout the 
receiver tuning range. 

construction and comments 
Construction details are best left to each user. I used 

an LMB CR-800 enclosure that matches the appear- 
ance of the FRG-9600 nicely, but any well-shielded box 
will serve as an adequate enclosure. Construction on 
a piece of epoxy-glass circuit board material is simple 
and effective. Lay out the circuit more or less as the 
schematic is drawn, and you should have no problems. 
I strongly recommend using the exact component 
values shown for best results. Be sure that the cable 
from the converter to the FRG-9600 is high-quality 
coax to prevent signal leakage that would reduce the 
effectiveness of the low-pass filters. 

The individual filters, active circuits, and the com- 
pleted converter were characterized using a Tektronix 
7L14/TR502 spectrum analyzer/tracking generator 
combination. 
'Check pin designations carefully, several different configurations exist. 
RadioKit will provide a complete kit of parts, includ~ng PC board. 

ham radio 

the k*d 
HAM STATION 
220 N. FULTON AVENUE 

P.O. BOX 4405 
EVANSVILLE, INDIANA 47710 

LARGE STOCK OF NEW EQUIPMENT 
AT DISCOUNT PRICES 

Orders 1-800-523-7731 
Indiana (812) 422-0231 

Info & Service (812) 422-0252 
CALL FOR PRICES ON 

EQUIPMENT FOR OSCAR 10 
PRICES AND AVAILABILTIY SUBJECT TO 
CHANGE. FREIGHT FOB EVANSVILLE. 

ACC 
Shack Master 100 ~n stock call 

AEA 
A ~ U  1000 Superb interlace $1100 00 
CP 100 Deluxe ~nlerlace CALL 
CP I lnlerface 189 95 
MP 1 Mlcropatch 179 95 
MBA-TOR Sonware CALL 
DR DX DR OSO 99 95 79 95 
PKT-1 Packet Conlfoller 459 95 
Morse Untverslly tor C.64 39 00 

lsopoles Hot Rods Sonware In Stock 

ALINCO 
Ampl~l~e,s ~n stock CALL 

ASTRON 
RS7A 5 7 Amp $ 49 00 
RSlOA 7 5-10 Amp 59 00 
RSl2A 9-12 Amp 69 00 
RS2OA 16-20 Amp 89 00 

toq nn 

ASTRON 
RS35A 25 35 Arnp 
RS35M 25 35 Amp w meler 
RS50A 37 50 Amp 
RS50M 37 50 Amp w meter 

BENCHER 
BY 1 Black Chrome By 2 Chrome 
ZA 1A Balun 

B 6 W 
370 15 80 !OM Folded Olpol~ 
AT 110 5 Band Trap Olpole 
AT 55 4 Band Trap D~pole 
Var10u5 Antennas 8 Coax Sw~lches 

Bunornu1 
HF38 Bunerlly Compact Bean1 
HF6 80 10M Verllcal 
HF2V 80 40M Verltcal 
TBR 160 S 160M Resonator 
HF4B 20 14 12 10M Beam 

CUShCIln 
A4 Trlbander 
A3 Trlbander 
A147 11 2M11FL 
A449 11 450 MHZ 
215WB 2M Jr Boomer 
230WB Stacked 21 5 s 
32 19 Boomer 19EL 2M 
AOP 1 OSCAR PKGE 
Rlngo Rangers 2M 6M 220 450 

DAlWA 

in Slock 

CS-401 4 Pos Swllch 63 00 

ENCOMM 
NEW FM-240 25W FM Xcvr CALL 

HAL 
Compuler interfaces b dedicated Terminals 

HElL 
Producls ~n Stock CALL 

HUSTLER 
6-7-144 MHz Verllcal $1 19 95 
G-6.1446 7M Vert~cal 85 95 
G-6.440 MHz Verllcal 109 95 
6BTV-80- 10M Verl~cal 129 95 

Mobile HF a VHF Antennas In Stock 

HIGAIN 
TH7DXS 7EL Tr~bander 
Explorer 14 3EL Trnbander 
OK710 30 40 Mlr KII 
D~scoverer 2 EL 40 Mlr 
18HTS 80 IOM Ven~cal 
l 8AV l  WBS 80 10M Ventcal 
14AVO WBS 40 !OM Venlcal 
2 Mtr Beams In Slock 
V2 V3 V4 2M 220 440 Verllcals 
287 2 Mtr Mag Mnt 

ICOM 
751 Top of the Llne 
735 S~mply Fanfast~c Xcvr 
1271 1 2 GHZ Base Xcvr 
271AH 2M All Mode 
471AH 430 450 All Mode 
27AH 2 Mtr Mob~les 
37A 220 MHz Moblle 
47A 440 MHz Mobtle 
3200 Dual Band 144 a 440 
02AT04AT 2 Mtr 440 MHz H T ' 
3AT 4AT 220 MHz-440 MHz H T r 
2AT 2 Mtr H T 
R71A Commerctal Grade Recetver 

Huge Inventory ot Accessories 

KANTRONICS 
Packet Communlcalor 
UTU Unlversal Term~nal Unll 
Interface II Deluxe Interface 
Challenger economical ~nterlace 

Lols of Sonware In Slock 

KLM 
2M 14C 2M Clrcular An1 w CS 2 
2M 22C 2M C$rcular Anl w CS 2 
435 l8C Ctrcular Ant 
435 40CX C~rcular Anl w CS 2 
CS-2 C~rcularlty Sw~lch 
2M 16LBX 2 Mtr Yap1 
432 3OLBX 'fag1 

LA RSEN 
NLA 150 220 450 Mag Mnl 
NLA 2 70 Dual Band Mag Mnt 

MFJ 
1179 lnleriace lree Sonware 
1124 tnlerlace free Sonware 
1128 ~nterlace lree Sollware 
969 3KW Roller Inductor tuner 
949C 300 W Tuner w 0 Load 
9410 300 W full lealure tuner 
204 Anlenna BrldOe 

$479 00 
329 W 
85 00 

339 00 
439 00 
109 00 
75 00 
CALL 
CALL 
26 00 

$1179 00 
749 00 

Coming Soon 

CALL 
CALL 
CALL 
CALL 

3 CALL 
a 229 95 

199 95 

$219 00 
179 95 
229 95 
89 95 

CALL 

MIRAGE 
81016 10 16OW Preamp $249 95 
83016 30 160W Preamp 204 95 
B23A 2 30W Preamp 89 95 
DlOlON 10 lOOW 430 450 MHz 289 95 

NYE 
ME-V A The Ulllmale Tuner 5499 95 

SHURE 
4440 HI Lo Z Desx MIC 155 00 

TEN-TEC 
NEW Corsair - Very Nlce CALL 
Century 22 CW Xrvr $ 349 95 
2510 Salelllle Stallon 409 95 
Tllan - Your Last Ampllller 2175 00 

TOKYO HY-POWER 
HL 30V 3 30W Amp S 62 95 
HL35V 3 30 A ~ D  w Gaslet 75 00 
HL160V 3 10 l60W Amp 295 95 
HL 160V25 25 16OW Amp 259 95 
HL 20U 430 449 MHZ 3 20W Amp 105 95 
HL 120U 430 449 MHz 10 1OOW Amp 319 95 
HC 2000 7KW Tuner 295 95 
HC 4001 Tuner w Dual Needle Mlr 175 95 
HRA 2 2 Mlr Garlel Preamp 119 95 
HRA 7 70 CM Gadel Preamp 119 95 

VAESU 
F I  980 Oeluxe Xcrr $1425 00 
Fl 757 Gen Cov Xcvr CALL 
n 7 5 7 ~  D P s w fan 175 00 
FI 757Al Aulotuner 235 00 
n 726R ~ u ~ t t  Band Xcvr CALL 
n 270R 4 5 ~  2 Mlr 375 00 
n 2700RH 2 Mlr 4 4 0 ~ ~ ~  489 95 
FRG 88W HI Conlmuntcatlons Rcvr 499 95 
FRG 9600 60 960MHZ Scannlng Rcvr Call 

Large Slock of Accessortes 

W E E  
Mlrs Anlennas Duplexers In Stock 

ROTATORS 
Alllance HD 73 $11500 
Alllance U 110 49 95 
Telex CD 45 149 00 
Telex Ham 4 239 95 
lelex T7X 269 95 
Ken Pro KR500 KR5400 KR5600 CALL 

CALI. FOR PRICES ON 
EOUIPMENT FOR OSCAR 10 

a n d  SASE lor wr new L uwd equipmmnl IIa1 
MON FRI BhUIPM . SAT OAWM 
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IC-OZAT 

Often imitated, 
never duplicated. 

If you  want a 2-meter tion. The IC-2A is also avail- 
handheld with exceptional able and has the same features 
features, quality bullt t o  last as except DTMF. 
and a wlde variety o f  inter- 
changeable accessories, 
take a look at the ICOM 
IC-OZAT and IC-2AT h a n d  
helds. 

Fre~uency Coverage. The 
IC-OZAT covers 140.000 
through 151.550MHz and the 
IC-ZAT. 141.500 through 
149.994MHz ... both include 
frequencies for MARS opera- 
tlon. 

IC-OZAT Features. ICOM's 
top-of-the-line IC-O2AT h a n d  
held has the follow~ng out- 
standing features: 
. . - - - - - . . -. - - -- A c c ~ ~ s o r i ~ r .  A variety of 

DTMF direct k-ard entry slide-on battery packs are mail- 
* LCD readout able for the IC-O2AT and 

3 watts standard, 5 watts IC-.?AT. including the new 
optional (with IC-BP7 bat- long-life 8OOmAh IC-BP8 
tery pack) uhrch can be used with both 
10 memories which store handhelds. 
duplex oftet and fl tone O t h ~ r  accessories include 
[odd offset can be stored in the HS-10 boom headset. 
last 4 memor~es) HS-IOSB P l l  switchbox, 
Frequency dial lock HS-IOSA VOX unit (for 
Three scanning systems: IC-OZATJ and an aSSO~tm?nt 
priority, memory and pro- of battery pack chargers. 
qrammble band scan 
fielectable lncremenB of 5, The Ic-07AT and IC-TAT 
10, 15. 20 or 2SKHz) - _ _ -- -. come standard w ~ t h  an IC-BP3 
IC-7P.T F~amres. The NlCd bat t~ry  pack, flex~ble 

IC-ZAT IS ICOM's most ooou- antenna, AC wall charnpr ,.=-., 
lar handheld on the ma'rkit. belt clip. wrist strap and ear 
The IC-ZAT features a DTMF plug. Set? the IC-O2AT and 
pad. 1.5 watts output and IC-2AT 2-meter handhelds at 
thumbwheel frequmcy selec- your local ICOM dealt=r. 

First in Cornrtwnications 
ICOM Amerlca. Inc., 2380-116th A w  NE, Bellewe, WA 98[)04 / 3331 Towerw~od Drlve. Suite 307, Dallas, TX 1srj4 

All r u t &  sprlncatlmm arc approximate n d  rublm to chmqc w(tMu, mrlrr or obllqaroon All ICOM raalo, signlflcanrly exceed FCC regulmlam llmll~nq splnour rml%slam. 02AT185 
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I " OCTOBERVENTION! I 
I We're loumhing Amateur Rodio into the future with how-to-do-it forums on Pocket Rodio, OSCAR, Amateur N, 

Moonbounce, VHFlUHF Tropo Openings, How to Repare for FCC Exoms, Belize DXpedition, Regulatory Issues, NTS, 
YL, and much more. Plus FCC exoms, ARRL, MARS, QCWA, YLRL, exhibits, flea market, banquet, ond cocktail party! I \ 

Pacific 
Division 
Convention 
Oct. 31 - NOV. 3 

1 

Registration $1 5 
Banquet $1 5 

Flea Morket spaces $ 10 
Rooms S 48, tax included. 

Airline discounts, 
call 1-800-634-6705. 

Late registrotion and other 
info coll 7021361-3331. 
(Room rotes and air fares 

subiect to ovoilability 

-- 
oftw October 1 .) 

OCTOBERVENTION, Dept. 400, P.O. Box 1 9675, Las Vegas, NV 891 32 



first, the bad news 
"How long will we have to wait un- 
til the sunspot cycle improves?" 
More and more Amateurs are migrat- 
ing to the low frequency bands as the 
popular, higher-frequency DX bands 
are becoming more spotty. Ten meters 
is nearly deserted, except for an occa- 
sional north-south opening and some 
wandering ignition noise. And 15 
meters isn't much better! Even 20 
meters is a pale imitation of its former 
robust self. 

Predicting when the sunspot mini- 
mum arrives and when the new sun- 
spot cycle begins is a chancy business 
best left to the experts. A good guess 
indicates that sometime between win- 
ter, I%, and spring, 1987, may be the 
turning point at which we move on to 
the next new cycle. 

But several months of the new cycle 
must elapse before the high-frequency 
bands will come alive. Fall 1987 may 
be a good time to take the 10-meter 
beam out of mothballs and get it up 
in the air. That's two years away! 

Meanwhile, there's a migration to 
the lower frequency bands and hams 
are turning to dipoles, inverted-Vs, 
delta loops and slopers. Certainly, 
some big DX "guns" have full-size 40 
and 80 meter beams, but such monster 
antennas are out of the question for 
most operators. 

now, the good news 
Although we can't fool Mother 

Nature, there's still a lot of DX and 
good operating pleasure left on the 
"DC bands." As far as DX goes, many 
operators have made DXCC and won 

other juicy awards on both 40 and 80 
meters. And I understand that Wal, 
W8LRL, has over 200 countries to his 
credit on 160 meters! 

One of the better newsletters about 
160-meter DX is published by Ivan 
Payne (VE31NQ). Send two lRCs and 
a business-sized envelope to Box 276, 
Station A, Weston, Ontario, Canada 
M9N 3M7 for this 22-page bulletin that 
will prove to you that DX is alive and 
well on 160 meters. 

Along this line, Ivan's newsletter 
describes a simple 160-meter DX an- 
tenna, sketched in fig. 1, used at 
VS5RP by Bob Parkes (P29BR). Basi- 
cally, it's a short, vertical antenna top- 
loaded by a single wire and inductively 
coupled by a toroid transformer to a 
coax line. 

Bob recommends using from 25 to 
40 radials. In his particular location, 
taking ground resistance into effect, he 
estimates the antenna's efficiency to 
be about 40 percent. 

With regard to the radials few 
Amateurs can lay out 135-foot 
(40.7-meter) quarter-wavelength, 
160-meter radials. The solution is to 
simply do the best you can. Several 
ground rods at the antenna feedpoint 
are useful, as well as a square of l-inch 
(2.54 cm) mesh chicken wire laid on 
the ground. Dennis Peterson, N7CKD, 
uses a 30-foot square of chicken wire 
for a 160-meter ground screen plus 
other random ground connections to 
a metal fence. 

The Canadian Top Band News also 
points out that long-path openings 
occur on the 160-meter band, citing 
the contact between AAl  K (Delaware) 
and YB5AES (Indonesia) at 22052 in 

October, 1984, as well as the contact 
between VElZZ (Nova Scotia) and 
9M2AX (Malaysia) at 23232 in Janu- 
ary, 1985. 

Finally, it should be pointed out that 
there's a 160-meter net active on Sat- 
urdays at 16002 on 14.260 MHz and 
also on Tuesdays and Thursdays on 
1840 kHz at 04002. DX and antennas 
are the main topics of conversation. 

Speaking of antennas. . . 
a very compact antenna 
for 160 meters 

You can't get a full-size dipole up on 
160 meters? You have a poor ground? 
You can't make a low resistance 
ground connection? Join the club! 
Most Amateurs have one or more of 
these problems. Unless you live in the 
middle of a large salt marsh, you're 
going to have to make compromises 
in your "top band" antenna system. 

Some lucky Amateurs have enough 
space to squeeze in a large vertical 
antenna and lay out a number of radi- 
als. And others can erect loaded di- 
poles, or some form of Marconi anten- 
na with a good ground system. But 
what about the rest of us? 

A friend of mine wanted to get on 
160 meters. He had about 55 x 25 feet 
(16.76 x 7.61 meters) in his backyard 
to work with, and his ground was ter- 
rible - rocky, sandy soil. 

The only simple solution I saw was 
to erect a highly-loaded dipole antenna 
about 50 feet (1 5.2 meters) long. That 
would fit in the available space, and 
the dipole doesn't rely upon a ground 
connection to function properly. Such 
an antenna is shown in fig. 2. 

The design is based upon a readily 
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Conadton Distributor 
2852 Walnut Ave., Unit E E O S ~ C ~  Industries. ~ t d .  A ,ustin, ca 92680 051 1 Chasswwd [x. 

c OR PORAT ION (714) 832-7770 Downsview. Ontario, Concdo M3J 2V6 
(416) 638-7995 

PERFORMANCE SPECIFICATIONS 
ECTRONICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 

RRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC * 0.05 m s  
current & conllnuous shwted output. (Internally Adjustable: 11.15 VDC) 
R VOLTAGE PROTECTION on all M O M S  RIPPLE. Less than 5 m  peak la peak (tull load 

5 '14 x 1 9 x 1 2'/2 50 

5 ' / 4 x 1 9 ~ 1 2 ' / 7  38 

3 % x 6 % x 9  
3 % x 6 % x 9  
4 .  7 ' 9  . 10'. 
4 x 7 % x 1 0 %  

Switchable volt and Amp meter 

6 x  13% x 11 

.5 amps lo Full Load 

MODEL qrr3.mac!waacswc @13.8V 

Built In speaker 
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VARY X FOR RESONANCE 

- - - -  J - 1- 
1 

----. 

X - 1 0 5 '  l 3 2 M l  

Y = 4 0 '  112 2  M I  

COAX 

TO STATION 

R A D I A L S  

. 
m 

fig. 1. 160-meter antenna at VSSRP. L1, 28 turns No. 14 enamel: L2, 20 turns No. 14 
enamel. Both L1 and L2 are wound on a 2-inch (5.08 cm) toroid, p = 10 (Amidon T-20-2 
or equivalent). Vary turns of I2 for best match. 

A N T E N N A  W I R E  

E L  T H R O U G H  

C O I L  C E N T E R  

a C O A X  TO S T A T I O N  

L l  232 r H  Barker 6 Wlllkmson 1616 
LZ 2  ,,H. 22 turns. 112 Inch dlarnamr, 

8 turns per hch  

fig. 2. Assembly data for 160-meter "mini-dipole." 

available, high efficiency loading coil: of tinned copper wire. (It's also avail- 
the Barker & Williamson* 1616 induc- able with FormvaP coated wire, which 
tor. This coil is air-wound, 2 inches should provide somewhat better effi- 
(5.08 cm) in a diameter and 10 inches ciency than the tin plating when the 
(25.4 cm) long. It has 16 turns per inch coil is used in antenna service.) 

Two of these ready-wound coils are 

'Barker Et Williamson, 10 Canal Street, Bristol, Penn- used in this One in the mid- 
sylvania 19007. dle of each leg. Since the coils are 

somewhat fragile, they're supported 
on an insulator made of a wood dowel 
rod cut to the same length as the coil. 
The ends of the antenna wires are 
passed through small holes drilled in 
the dowel, removing tension from the 
concentric coil. 

The radiation resistance of the an- 
tenna is about 3 ohms, but the feed- 
point resistance is close to 20 ohms, 
due to the loss of the coils. This results 
in an antenna efficiency of about 13 
percent. This may make purists who 
have experienced little loss in their 
high-frequency antennas shudder, but 
the 160-meter band is a different mat- 
ter and most of the small antennas 
used by Amateurs on this band exhibit 
a comparable degree of efficiency. The 
radiated signal, then, is about 8 dB 
down from that of a 100 percent effi- 
cient antenna (a dipole, for example). 

A simple matching coil is placed at 
the center of the antenna to match it 
to a 50-ohm coax line. When properly 
adjusted, the antenna has a bandwidth 
of about 25 kHz between the 2:1 SWR 
points on the feedline. 

antenna adjustment 
The first step after building the 

antenna is to sling it up between two 
temporary points, allowing it to sag 
down until the center feedpoint can be 
safely reached from the top of a step 
ladder. The halves of the antenna are 
shunted with a two or three-turn link 
coupled to a dip oscillator. The reso- 
nant frequency of the antenna is care- 
fully measured (with the aid of a cali- 
brated receiver) and the antenna tip 
sections trimmed equally, a few inches 
at a time, until the antenna is resonant 
at your design frequency. (This one 
was cut for 1820 kHz.) 

The pickup coil is removed and an- 
other coil is installed for matching to 
the coax feedline. The antenna is 
erected in its final operating position. 
The number of turns in the matching 
coil is then adjusted until unity SWR 
is obtained at some frequency near the 
design frequency. You'll find that the 
presence of the coil tends to detune 
the antenna a bit, and by the time 
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you've achieved a good match, the 
resonant frequency of the antenna will 
have moved. 

The final step is to readjust the tip 
sections equally until the resonant fre- 
quency i's back where you want it. 

The whole process sounds tedious, 
but it's really not. The experimental 
antenna was built at an easy pace over 
one weekend and all adjustments were 
made during one morning of the fol- 
lowing weekend. - 

And the antenna works fine! 
Granted, bandwidth of operation is 
restricted and antenna efficiency is 
low. However, running 150 watts in- 
put, contacts across the continent 
have been made on the band and, un- 
less attention is drawn to the unusual 
antenna, most operators "on the other 
end" will assume you have a full-size 
dipole, judging from the reports my 
friend has received with his little 
antenna. 

using an antenna tuner 
Smart 160-meter operators know 

that a narrow-band antenna such as 
this compact dipole can be "pulled" in 
frequency by using an antenna tuner at 
the station end of the coax feedline. 
The very high off-resonance SWR ex- 
hibited by the antenna can be reduced 
to  an acceptable value by the tuner. 
Experiments have shown that the an- 
tenna, with a simple tuner, permits 
operation over 100 kHz of the 160- 
meter band., And that's not bad for 
such a midget! 

keep N I  to a minimum! 
Two words of caution on this famil- 

iar topic: try not to  run the antenna 
parallel to the house wiring system. It's 
easy to couple power from any 160- 
meter antenna into the house electrical 
wiring, but doing this can cause TVI, 
RFI, and other undesired reactions. In 
addition, since the coil loss of the 
antenna is high, don't try to run a lot 
of power into it. A good limiting figure 
for this antenna is 150 watts, so it will 
work OK with your exciter, but you'll 
burn up your antenna coils if you run 
your linear amplifier into it. 

fig. 3. RF lighting device emissions lcour- 
tesy Broadcast Engineering). 

I understand Barker & Williamson 
can supply coils with LEXANa insula- 
tion instead of cellulose acetate or 
plexiglass. The extra cost of LEXAN is 
justified because it's impervious to the 
ultra-violet radiation from the sun that 
quickly destroys the plastic supports in 
the regular coils. A LEXAN-insulated 
coil wound with Formvar-coated wire 
sounds like the ideal inductor for any 
long-life loading coil exposed to  the 
weather. 

the RF light bulb 
In my June, 1984, column I men- 

tioned the possibility of RFI from the 
next generation of light bulbs. Al- 
though the subject lay dormant for 
months, the threat is real. In a recent 
issue of Broadcast Engineering, M.C. 
Rau, of the National Association of 
Broadcasters, wrote: 

The pending introduction of RF 
lighting technology will significantly 
cut energy costs, by replacing the 
ubiquitous incandescent light bulb 
with RF devices. Unfortunately, many 
RF lighting devices emit energy at AM 
broadcast frequencies, both over the 
air and through the power line [fig. 31. 
A current FCC Notice of Inquiry is ex- 
ploring the issues of lighting, the need 
for regulation of such equipment, and 
interference protections to be provided 
to the AM radio service. 

If RF lighting significantly increases 
interference over existing devices, 

NAB should act to ensure that the FCC 
adopts regulations carefully designed 
to protect the AM radio service.' 

Well said! But a glance at the right- 
hand portion of the plot of fig. 3 
shows that RF emissions continue well 
above 1600 kHz, into the HF spectrum 
and probably the 160-meter and 80- 
meter Amateur bands. 

It would be well for some enterpris- 
ing Radio Amateurs who have appro- 
~ r i a t e  facilities at hand to examine RF 
light bulbs, to see what problems they 
produce in the HF spectrum. NAB is 
doing a good job - as far as they go 
- but they have little interest above 
1600 kHz. A word to the wise. . . 
the 2-meter EME directory 

I have additional copies of the 
16-page 144 MHz EME Directory of 
active "moonbounce" participants 
compiled by  Lance Collister, 
WAlJXN. You can obtain a copy by 
sending four first-class postage stamps 
(or four IRCs) to  me at EIMAC, 301 
Industrial Way, San Carlos, California 
94070. (Don't send an envelope - we 
have oversize ones especially for this 
directory.) 

reference 
1. Michael A. Rau. "Charting a Course for A.M. Im- 
provement," Broadcast Enq;eering, April. 1985. 

. ham radio 

short circuit 
tapered vertical 

A misplaced parenthesis in "Calcu- 
lating the Impedance of a Tapered 
Vertical" (K30QF, August 1985, page 
25) resulted in an incorrect calculation 
in eq. 1. The corrected equation 
should read as follows: 

Upon substituting values on page 26, 
Step 1 

All the other formulas and evaluations 
are correct. (TNX N6DH - Ed.) 
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Have you been trawling the bounding main f o ~  .I new product'? We hi~vc just 
netted it-the TP-38 microprc>cessor controlled community repeater panel which 
provides the complete intcrtnce between the ..- ... % - 
repeater receiver and transmitter. Scuttle 
individual tone cards. all 38 EIA standard 
CTCSS tones are included as well as time and 1111 ;~cc~~ni~rI;i[or.\ .  pro~r . ;~~~i~n;rhle  
timers, tone translation, and AC power supply :it onc low price of IfiSc)5.0~).~l'hc $595.00 each 
TP-38 is packed like a can of sardines with features. as a matter of krct thc only $59.95 DTMF module 
additional option is a DTMF module for$59.95. This module allows complete 
offsite remote control of all TP-3X functions. inclutling adcling new customers or 
deleting poor paying ones, over the repeater receiver channel. 

Other fcatures include CMOS circuitry for low powcr consumption. non-volatilc 
memory to retain programming ifpower loss occur\, immunity to faking. pro- 
gran~mablc security code and rnuch more. The TP-38 is backed by our Icpentlary 
I year warranty and isshipped fresh daily. Why not set passarc for the abundant waters 
of Communications Spcci;~lists and cast your nets fi)r :I TP-38 or othcr fine c;rtch. 

COMMUNICATIONS SPECIALISTS, IIVC. 
426 West Tat1 Avenue Oran e CA 92665-4296 
Local (714) 998-3021 FAX (7147 674-3420 - 1151 

Entire US.A. 1-800-854-0547 m 
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You can DX and receive weat\ I=I 
charts from around the world. 

Tune in on free, worldwide government weather services 
Some transmitting sites even send weather satellite cloud 
cover pictures! 

You've heard those curious facsimile 
sounds while tuning through the 
bands- now capture these signals - 

on paper! . 
Assemble ALDEN'S new radlofacsimile Weather Chart 

Recorder Kit, hook it up to a stable HF general-coverage 
receiver, and you're on your way to enjoying a new hobby 
activity with many practical applications. Amateurs, pilots, 
and educators can now receive the same graphic printouts 
of high-quality, detailed weather charts and oceanographic 
data used by commercial and government personnel. 

Easy to assemble- Backed by the 
ALDEN name. 

For over 40 years, ALDEN has led the way in the design 
and manufacture of the finest weather facsimile recording 
systems delivered to customers worldwide. This recorder 
kit includes pre-assembled and tested circuit boards and 
mechanical assemblies. All fit together in a durable, attrac- 
tive case that adds the finishing professional touch. 

Buy in kit form and save $1,000! 
You do the final assembly. You save $1,000. Complete, 

easy-to-follow illustrated instructions for assembly, 
checkout, and operation. And ALDEN backs these kits 
with a one-year limited warranty on all parts. 

7 

r to ord 
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transmission lines 
When I first started this column 
almost two years ago, I made a list of 
the most important subjects that VHFI 
UHFISHFers talk about. One was 
transmission lines, a subject I've only 
passively addressed in prior columns. 
Since I'm often asked to suggest 
a transmission line to someone, I 
thought this would be a good time to 
review the whole gamut of transmis- 
sion line characteristics. Tradeoffs and 
data is presented so that you can 
select the optimum transmission lines 
for your applications. 

Transmission line losses can be just 
as important as antenna gain, especial- 
ly to the VHFIUHFlSHFer. If the same 
transmission line is used for both the 
receiver and transmitter, each dB of 
loss reduces the system capabilities by 
2 dB (1 dB on receive sensitivity and 
1 dB on transmitted power). 

Often an antenna mounted preampli- 
fier is used, especially on EME, to cir- 
cumvent the received signal loss. This 
can be a costly and complex solution 
that helps only on the received signal. 

transmission line types 
There are many types of trans- 

mission lines. The most common are 
coaxial cable and balanced line on the 
lowerVHF1UHFfrequenciesand wave- 
guide on the SHF frequencies. Micro- 
strip and stripline are types frequently 
used in low power and receiver type 
circuits. Lesser known or used types 
are the "G" line and Yagi types. 

transmission line 
characteristics 

Everyone knows that the purpose of 
a transmission line is to transfer power 
from one place to another. But most 
forget that a transmission line is 
nothing more than a low-pass filter. 

Figure 1A shows the equivalent cir- 

bl L L L 
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fig. 1. Representative circuits for a trans- 
mission line: (a1 balanced line and Ibl un- 
balanced, such as coaxial line. 

cuit of a balanced line, while fig. 1B 
shows the same for an unbalanced 
line. If the values of L and C are 
known, the impedance can be deter- 
mined as follows: 

where Z is the characteristic im- 
pedance and L and C are the induc- 
tance in henries and capacitance in 
farads per unit length, respectively, of 
the transmission line. For example, if 
the L is 73 nanohenries and the capaci- 
tance is 29 pF for the same unit length 
(12 inches or 30.5 cm), the character- 
istic impedance is approximately 50 
ohms. Terminating this line in 50 ohms 
will yield a 1:1 VSWR. 

parallel balanced lines 
This type of transmission line is 

often referred to as open wire or twin- 
lead (fig. 2A). Well known and widely 
used in the past, it's seldom used nowa- 
days except in stacking harnesses.' 
Open wire lines are usually inexpensive 
to make or purchase. Also, if properly 
constructed, the insertion loss is usual- 
ly quite low. 

The impedance of an open wire line 
is a function of the spacing of the 
wires, the dielectric between them, 

and the diameter of the conductors. 
The correct formula for determining 
the impedance of a symmetrical open 
wire line with air as a dielectric is: 

where a is the diameter of the conduc- 
tors and b is the center-to-center spac- 
ing of the conductors in the same unit 
of measure as a (fig. 2A). 

However, if the spacing is much 
greater than the conductor diameter 
(the usual case), a simpler formula can 
be used: 

From these formulas it is obvious 
that the most practical impedances are 
between 200-600 ohms. To prevent 
feedline radiation, the spacing should 
not exceed 0.05 wavelength at the fre- 
quency of operation. Despite rumors 
to the contrary, open wire lines do not 
radiate power even when the VSWR 
is high if the lines are properly con- 
structed and kept well balanced. 

On the negative side, balanced lines 
must be kept as straight as possible 
and away from nearby objects. Bends 
should be gradual, typically less than 
45 degrees, and other adjacent lines or 
objects should be at least 2 to 3 times 
the width of the line away. This is a 
practical problem when multiple anten- 
nas or transmission lines are present 
and especially if a rotator is involved. 
Furthermore, open wire lines are often 
affected by moisture and insulator 
contamination, especially if the VSWR 
is high on the line. Therefore, the 
number of insulators should be kept at 
a minimum commensurate with main- 
taining proper spacing. 

Twin lead is an acceptable type of 
balanced transmission line, but be- 
cause it has a dielectric, it's typically 
lossier than open wire line. And unless 
you use the heavy duty type (such as 
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fig. 2. Typical transmission lines and 
their important dimensional parameters: 
(a) open wire line; (61 coaxial line; (c) rec- 
tangular waveguide; (dl circular wave- 
guide; (e) elliptical waveguide; ( f l  strip- 
line; (g) microstrip; Ihl G line; (11 Yagi 
line. 

K2001, the power handling capability 
can be moderate to low. Furthermore, 
twin lead is often more affected by 
moisture than open wire line since it 
has a larger surface area. 

coaxial transmission lines 
Because of these problems with 

balanced lines, coaxial cable - in 
plentiful supply and in so many 
varieties - has become very popular. 
It can usually be bent and placed 
directly alongside other lines without 
the degradation associated with open 
wire or twin lead. The availability of 
accurate coaxial types of VSWR and 
power meters has further contributed 
to the use of this type of line. 

Coaxial cables are often referred to 
as TEM (transverse electromagnetic) 
structures. They are an unbalanced 
type of transmission line. The impe- 
dance is a function of the dielectric as 
well as the ratio between the inside 
diameter of the outer conductor and 

the outside diameter of the inner con- 
ductor (fig. 28). The impedance for an 
air dielectric coaxial transmission line 
can be readily calculated using the 
following equation: 

where a i:; the outside diameter of the 
inner con~ductor and b is the inside 
diameter of the outer conductor in the 
same units of measurement (fig. 2B). 
For exam~ple, if the inner conductor 
diameter is 0.25 inch (6.35 mm) and 
the inside diameter of the outer con- 
ductor is 0.572 inch (14.6 mm), the 
characteristic impedance of the line 
will be approximately 50 ohms. 

As with the spacing of the open wire 
line, the inside diameter of the outer 
conductor limits the upper frequency 
of operation. Roughly speaking, the 
upper frequency limit of a coaxial 
cable, the point at which other modes 
will propagate, is reached when the 
circumfer~ence of the inner diameter of 
the outer conductor is greater than 
appr~xim~ately 1 wavelength at the fre- 
quency of interest. 

waveguide 
There was a time when waveguide 

was used as low as 200 MHz! It is by 
far the lovvest-loss type of transmission 
line but is very costly and physically 
large below SHF. Waveguide can be 
either rectangular, circular, or elliptical 
(figs. 2C, D, and El. 

Although the rectangular type is the 
most cornmon, it's difficult to work 
with and often is referred to as 
"plumbing." The most common rec- 
tangular waveguide is used in the 
dominant or TE 1,0 mode.2 It's usual- 
ly twice ,as wide as high and covers 
only abou~t an octave in frequency. The 
width would be about 112 wavelength 
at the lowest usable frequency. 

Elliptical semi-rigid waveguide is 
becoming more popular especially on 
microwa\re links since it can be moder- 
ately bent without distorting the char- 
acteristic:;. Circular waveguide is usual- 
ly used in the below cutoff mode. It's 
very often found in precision attenu- 
ators and on the air outlets of high- 
power vacuum tube  transmitter^.^ 

Nowadays, coaxial cables are over- 
taking the use of waveguide as high as 
26 GHz primarily because they're easier 
to work with. For those more inter- 
ested in waveguides, reference 2 or any 
waveguide manual is recommended. 

strip transmission lines 
Microstrip and striplines are becom- 

ing very popular especially in receiver 
circuits. Often they are improperly 
identified by Amateurs. The true strip- 
line is configured like a sandwich (fig. 
2F). Note that it has a top and bottom, 
so essentially it is completely shielded. 

Microstrip is by far the most com- 
mon type of printed transmission line 
and is like an open-faced sandwich 
(fig. 26). The field is not constricted 
to just the region between the strip and 
the substrate. Some field lines exist 
from the top of the strip to the sub- 
strate. Hence it is somewhat more dif- 
ficult to design if there are tuned lines 
or adjacent circuitry. Other strip type 
of transmission line variations such as 
suspended substrate are also used, but 
they are beyond the scope of this 
month's column. 

lesser known 
transmission lines 

Up to this time I have been concen- 
trating on the more popular types of 
transmission lines. The "G" line (fig. 
2H) is a frequently overlooked trans- 
mission line that has some very inter- 
esting proper tie^.^^^,^ Originally called 
a surface wave transmission line, it 
was later named after its inventor, the 
late Dr. Georg Goubau, who design- 
ed the first such line in 1950. It resem- 
bles the "string telephones" that many 
of us made and used when we were 
children. 

This type of transmission line oper- 
ates in the TE mode. The launcher is 
like a large cone. The incoming line, 
usually a 50-ohm line, is impedance 
matched at each end to a single wire 
that travels the full length of the 
transmission line, primarily in the 
magnetic field. 

If the wave is properly matched into 
the launcher at the input end, it will 
travel along the single wire to the com- 
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plimentary launcher at the opposite 
end. The attenuation will be extremely 
low provided that the launcher is prop- 
erly fabricated, the impedance is 
matched and the correct wire is used. 

Recently I had a chat with Warren 
Weldon W5DFU, who has done ex- 
tensive work on a 23-cm tropo installa- 
tion using this type of line.' He told 
me that the lowest loss line he con- 
structed used No. 14 AWG (0.062 inch 
or 1.6 mm) TeflonTM covered 0.015 
inch (0.38 mm) stranded wire that had 
only 1.2 dB per 100 feet (30.5 meters) 
of insertion loss at 23 cm! For those 
who can't afford expensive transmis- 
sion lines on the UHF/SHF bands, this 
could be a real breakthrough. 

At the ARRL National Convention in 
San Jose, California in 1965, Dr. 
Donald K. Reynolds, K7DBA, de- 
scribed a most interesting transmission 
line (fig. 21). It consisted of a Yagi-like 
structure analagous to the slow wave 
portion of a conventional long Yagi 
antenna. He indicated that if the proper 
spacing and element length were 
chosen (I believe he used 118 inch or 
3.2 mm diameter wires approximately 
0.4 wavelength long and spaced about 
0.4 wavelength) that the line loss 
would be very low. He used a piece of 
flexible fiberglass to hold the rods. Al- 
though this type of structure could be 
frequency sensitive, it could have great 
potential, especially on monoband 
setups. 

coaxial cable characteristics 
So far in this column I've been talk- 

ing in generalities, emphasizing that 
the coaxial cable type of transmission 
line is by far the most popular type at 
this time. Because this is true, I'll 
devote the rest of this column detailing 
other important things we should also 
know before we can select the opti- 
mum coaxial cable for our installations. 

One of the first things that comes to 
mind is the dielectric. Typically speak- 
ing, air is the best dielectric because 
it has the lowest loss. However, this 
can be misleading. This is true only if 
the air is dry. Any moisture present will 
increase the loss dramatically. 

One of the earliest coaxial cables 

was RG-8, which I believe was devel- 
oped for radar installations during 
World War II. It turned out to have an 
impedance of 52 ohms. One of the ad- 
vantages of a solid dielectric is that it 
is not likely to be affected by moisture. 

The early dielectrics were principal- 
ly made of polyethylene. Later the 
losses were decreased by using dif- 
ferent types of foam. Some of the 
modern foams are almost as low-loss 
as air. But foam is not without its prob- 
lems. Since it is usually softer than 
standard polyethylene, it can deform 
and even "cold flow." This is par- 
ticularly true of Belden 8214 %-ohm 
line, so if you're using this type of line, 
don't bend it too sharply. 

While on that subject, most coaxial 
cables have a minimum bend radius 
that should not be exceeded. It can be 
found on the manufacturers' data 
sheet, but as a rule of thumb, never 
bend a coaxial cable less than five and 
better yet ten times the cable diameter. 
For RG-8 type this would be approxi- 
mately 2 to 14 inches (15 to 10 cm). 

Some coaxial transmission lines are 
much better for bending. Rigid lines 
such as waveguides are not readily 
bendable. Don't be misled by the term 
"semirigid," because this type of cable 
is often very stiff and can usually be 
bent only once. Subsequent bends 
may break the outer shield. Generally 
the cable suitable for the jumper 
around a rotator are the ones that use 
a dielectric and braided shield such as 
RG-8/U and RG-213lU (more on this 
later). 

attenuation and power 
Probably the most important para- 

meters when selecting a transmission 
line are insertion loss and power 
rating. Several factors affect these 
parameters, including impedance, size, 
dielectric, conductor material, and fre- 
quency of interest. 

It is well known that the insertion 
loss of a transmission line is affected 
by the characteristic impedance. The 
lowest loss per unit length is between 
180-220 ohms for open wire line, 70-75 
ohms for microstrip and 75-80 ohms 
for coaxial cables. Coaxial transmis- 

sion line loss versus impedance is 
shown in fig. 3. This is the princi- 
pal reason the CATV industry uses 
75-ohm impedances. 

Why isn't 75 ohms the Amateur 
standard, too? Well, there are other 
properties of coaxial transmission lines 
that also must be considered: power 
handling and voltage breakdown, for 
example. Note on fig. 3 that the best 
power handling occurs in the vicinity 
of 30 ohms, while the best breakdown 
voltage is around 60 ohms. Hence the 
American standard of 50 ohms, a com- 
promise between power and attenua- 
tion. (In some parts of Europe 60 ohms 
is the standard. Fifty ohms, however, 
is now becoming quite universally ac- 
cepted, mainly because of all the test 
equipment and coaxial connectors 
available at that impedance.) 

Material and size are also important: 
copper is the lowest-loss conductor; 
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aluminum has a higher loss but it is I-. I 
often used to minimize weight and 
cost. Frequently a copper-plated 
aluminum center conductor - such as 
found in the CATV industry - is used. 
The larger its physical size (as long as 
you don't exceed the cutoff frequen- 
cy previously mentioned), the lower 
the loss and the higher the power 
handling capability. No wonder broad- 
cast stations use such large trans- 
mission lines! 

Coaxial transmission lines use many 
types of dielectrics. Using air as a die- 
lectric can be an expensive proposition 
that often requires special connectors 
and a nitrogen pump to keep the air 
~uraed  and hence non-contaminated. . - 

TeflonTM dielectric cables such as the 
0.141 numbered types of microwave 
semirigid coax are often used by 
Amate~rs .~  Recently RG-141 /U and 
similar TelfonTM types of coaxial cable 
have become popular in situations 
where high power is required on a 
small diameter toroidal balun and on 
VHF/UHFantennas where a 1 12 wave- 
length balun is used.g 

Modern foams are very low-loss 
dielectrics. This is particularly evident 
in the Belden 8214 and the newer 9914 
RG-8 types of coax. The Andrew Cor- 
poration has introduced a dielectric 
called LDF (low dielectric foam) that 
rivals the loss of air lines. I'm sure that 
improvements will continue to be 
made as the requirements for smaller 
and lower loss coaxial cables increases. 

Without a doubt, the most impor- 
tant question Amateurs are constant- 
ly asking is "Which coax is best?" This 
isn't an easy question to answer. 

In order to help you decide, I pre- 
pared table 1. It lists most of the 
popular coaxial cables used by VHF/ 
UHF Amateurs along with velocity 
factors. Insertion loss per 100 feet 
(30.5 meters) and maximum power 
ratings at 100 and 1000 MHz are also 
listed. These are manufacturers' typi- 
cal ratings. A new coaxial cable in 
good condition should have an inser- 
tion loss that is equal to or less 
(but not much less!) than the figures 
shown. 

You may ask what good the infor- 

I FREOUENCY IN MHz I 
fig. 4. Attenuation versus frequency for 100 feet 130.5 meters) of some representative 
transmission lines. (See text for using this graph for other types of transmission line.) 

mation is si~nce it's specified only at 100 
and 1000 NlHz rather than on Amateur 
bands. Fortunately insertion loss in- 
creases at a somewhat logarithmic fac- 
tor. To find the approximate insertion 
loss at a higher frequency for 100 feet 
(30.5 meters) of coaxial line, use the 
following straightforward equation: 

I . .  = A 151 

where I.L. is the actual insertion loss 
in dB, A is the attenuation in dB at the 
reference frequency (100 MHz in this 
case), FH is the higher desired fre- 
quency an~d FL is the lower or refer- 
ence frequency / 100 MHz). Total inser- 
tion loss per footlmeter is linear, so if 
you have half as much coaxial cable, 
the loss will be half that shown. 

For example, if we want to deter- 
mine the loss of 100 feet (30.5 meters) 
of RG-8/U coax at 432 MHz using eq. 
5, it will calculate to be approximately 
4.6 dB. (S'ee fig. 4 which relates inser- 
tion loss to frequency. A few represen- 
tative coaxial cables are included.) If 
you know the loss of any coaxial cable 
at a specific frequency, all you have to 
do is place a dot on the graph where 
the frequlency and loss are known. 
Then draw a line through the dot, 

parallel to the lines already shown. You 
now can determine the approximate 
loss at the frequency of your choice 
without any calculations at all. 

Power handling is a more subjective 
rating, related to heating and break- 
down. The rating can be approximated 
using the following equation: 

where Px is the power rating at the 
desired frequency, P i s  the rating at a 
known low frequency, FL and FH is 
the desired higher frequency. For ex- 
ample, if we use the above example for 
RG8/U, the power rating will be 
approximately 410 watts at 432 MHz. 
How many of you are exceeding this 
power level on 432 MHz? 

Figure 5 shows power rating versus 
frequency for a few representative 
transmission lines. If you have a 
known power rating for another trans- 
mission line at a particular frequency, 
mark it on the graph, draw a line 
through the mark and parallel to those 
already shown, then read off the 
ratings at the desired frequency. 

trade names 
Some commercial transmission line 
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trade names are quite popular and 
often misused. The most common are 
AlumifoamTM and HeliaxTM. Alumifoam 
(often referred to as hardline) refers to 
a coaxial cable with a seamless alumi- 
num outer shield and a low-loss foamed 
polyethylene dielectric. This type of 
feedline is quite common, especially in 
CATV systems. 

Heliax is the trademark of the 
Andrew Corporation. In its early days, 
it resembled a helical or spiral corru- 
gated outer shield, usually made of 
copper. The inner dielectric was either 
air or foam polyethylene and the center 
conductor was usually a copper wire 
or tubing. 

In recent years the Andrew Corpora- 
tion redesigned the foam type of 
Heliax and now uses an "annular" or 
concentric ring type of corrugation. 
This construction technique is sup- 
posedly less prone to moisture damage, 
since water seeping into the feedline 
would have more difficulty traveling 
down its walls than it would in the 
helical form of construction. 

More recently the Andrew Corpora- 
tion introduced an aluminum outer 
shield coax similar to the annular con- 
structed line, but lower in cost and 
aimed mainly at the TVRO market. 
However, it has higher insertion loss 
than the standard copper shielded LDF 
types. 

other mechanical 
considerations 

The most common coaxial trans- 
mission lines are the braided and the 
solid shield. As suppliers have tried to 
lower costs, however, the number of 
strands in the braid has decreased 
remarkedly; as this decreases, so does 
the strength of the connection at the 
connector, resulting in increased in- 
sertion losses and decreasing shield 
effectiveness. At the same time, some 
of the better shielded types such as 
RG-214 have been priced right out of 
the Amateur market. In an attempt to 
offset these problems, some suppliers 
have introduced foil shielding, usually 
backed up by a few small strands of 
wire; although these changes are quite 
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fig. 5. Power handling versus frequency for some representative transmission lines. 
(See text for using this graph for other types of transmission line.) 

worthwhile, the shields are often hard 
to secure properly. 

As mentioned before, flexible types 
of lines are recommended wherever 
bending or movement, such as around 
a rotator, are expected. Although 
these types usually have higher in- 
sertion loss, the Andrew corporation 
has developed a special type of line 
called Superflexible H e l i a ~ , ~ ~  which 
has half the insertion loss of RG-8 or 
RG-213. In addition to the corrugated 
outer conductor, it has a stranded 
center conductor. 

Most transmission lines can be 
buried without fear of water entry if 
they're free from nicks or holes in the 
outer sheath. The best types to bury 
are those that have a non-metallic 
outer protective jacket. 

There's always the problem of get- 
ting the transmission lines into the 
shack. I use an ordinary clothes dryer 
vent and pass the feedlines right on 
through, stuffing an old rag into the 
rear of the vent to keep out rodents 
and lessen air flow. 

Finally, there's the age-old question 
of contaminating versus non-contami- 
nating jackets used on the typical 
polyethylene coaxial cables. Most 
RG-8 coax uses a contaminating jacket 

while RG-213/U doesn't. Avoid the 
contaminating types of jackets at all 
cost. They 're often slightly cheaper 
cables, but are not MIL SPEC. They 
start to deteriorate immediately, with 
sharp increases in insertion loss that 
can become disastrous in a few years. 
If you're not sure, don't buy it. If it's 
cheap, it's probably the contaminating 
type. 

connectors 
Unfortunately, time and space will 

permit only a short discussion on this 
subject. I prefer type "N" connectors 
because they exhibit a good VSWR 
and reasonable power handling capa- 
bility up to 500 MHz. UHF connectors 
should be avoided at all cost, especially 
above 150 MHz. Not only are they 
poor on VSWR, but they often let in 
moisture. 

Hardline and Heliax types of coax- 
ial cable require special connectors 
that are usually rather expensive but 
are necessary to preserve both the 
VSWR and integrity of the connection. 
This is particularly true of the air dielec- 
tric types. Failure to use the proper 
connector could allow moisture to 
enter and literally destroy the transmis- 
sion line. Anyhow, why fight it? If 
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table 1. Typical characteristics of the most commonly used transmission lines by Amateur VHFIUHFlSHF'ers. 
Unless otherwise shown, all are 50 ohm types. 

insertion loss in dB 
per 100 feet (30.5 meters) power handling 

(see note 1) in watts velocity of 
cable type 100 MHz 1000 MHz 100 MHz 1000 MHz propagation 

RG-58ClU 4.90 20.0 170 44 0.659 
0.141 semirigid 3.60 11.6 2200 600 0.750 
RG-81U (note 2) 2.20 9.0 850 190 0.659 
RG-213lU 2.20 9.0 850 190 0.659 
Belden 8214 1.80 7.0 950 215 0.780 
Belden 9914 1.60 6.0 1000' 250" 0.780 
Belden 9913 1.40 4.5 1900 520 0.840 
112-inch (1.3-cm) Heliax 

RG-268, RG-366lU 0.85 2.9 2200 570 0.790 
112-inch (1.3-cm) Alurnifoam 

RG-231lU. RG-331lU 0.82 3.1 2300 650 0.800 
RG-171U 0.80 3.8 3200 560 0.659 
112-inch (1.3-cm) Air Heliax 0.80 2.7 2200 620 0.914 
112-inch (1.3-cm) LDF Heliax 0.72 2.4 1900 530 0.880 
718-inch (2.2 cml Alumifoam 

RG-3321U. RG-333/U 0.55 2.3 4500 1250 0.800 
314-inch (1.9-crn) ohm CATV 0.50 1.7 3300 950 0.800 
718-inch (2.2-crn) Heliax 

RG-3231U. RG-324 0.50 2.1 4700 1200 0.790 
1-inch (2.5cm) 75-ohm CATV 0.40 1.4 4600 1200 0.800 
718-inch (2.2-cm) LDF Heliax 0.39 1.4 5100 1400 0.890 
718-inch (2.2-cm) Air Heliax 0.38 1.4 6100 1900 0.916 
1-518-inch (4-cm) Heliax 0.30 1.4 9300 2000 0.790 
1-518-inch (4-cm) LDF Heliax 0.23 0.9 14000 3500 0.880 
1-5/8-inch 14-cm) Air Heliax 0.21 0.7 15000 4000 0.921 

'Estimate. 

Note 1. These are approximate maximum loss numbers for good quality new coax. In the case of air dielectric, these figures only apply if the cable 
is moisture free and is pressurized with dry air or nitrogen. 

Note 2. The RG-8/U produced in recent years may have higher loss than noted. 

you're using expensive line, use the 
proper connections and you won't lose 
what you've just gained! 

Belden 9913 coax is becoming quite 
popular. However, the connectors are 
just becoming available and are quite 
expensive. In the meantime, UG-218 
or Kings 59-207 connectors are recom- 
mended because they have an extra 
large and wide clamp that provides the 
necessary holding for the special foil 
and braid. In either case, the center pin 
of the connector has to be slightly en- 
larged with a drill, or the center 
wire of the coax must be filed down 
slightly, to gain access. The latter is 
recommended. 

measurements 
Always test each transmission line 

properly before installation. It's much 
easier to do this on the ground than 

after installation on a tower! Testing 
should be done with a VSWRJpower 
meter such as the Bird Model 43 or 
equivalent. If you don't own one, plan 
to buy one and try to borrow one for 
the tests. 

First connect the line under test to 
a good dummy load. Then place the 
VSWRIpower meter between the out- 
put of a suitable transmitter and the 
transmission line to be tested. Next 
measure the VSWR looking into the 
line. It should be very low (typically 
less than 1.2:1 if the dummy load and 
the line are good). 

Now measure the power going into 
the line under test. Then bypass the 
meter and place it at the load and again 
read the power. The difference in in- 
dicated power represents the insertion 
loss of the transmission line. If it's 
greater than the manufacturer's speci- 

fications, don't install it until you find 
the problem. After all, you don't want 
a dummy load between the shack and 
the antenna system! 

Insertion loss always makes the 
VSWR of a load look better than it 
really is. In fact, a transmission line 
with a lO-dB insertion loss will indicate 
a 1.2: 1 or better VS WR even if the line 
isn't terminated. lo 

If your feedline is lossy, how can 
you properly evaluate the VSWR of 
the antenna at the other end? The 
answer is that you can't unless you 
know the exact line loss and can 
calculate backward to determine the 
true load VSWR as described in 
reference 10. 

Finally, if the VSWR on a trans- 
mission line is high, there's an addi- 
tional "mismatch loss" over and above 
the feedline insertion loss.ll General- 
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ly, if the VSWR is less than.3:l at the 
load and the transmission line insertion 
loss is 3 dB maximum, this additional 
loss will be less than 1 dB. But who 
want to throw away any more hard to 
obtain dBs? 

recommendations 
We're now ready to make the final 

selection for our transmission line. First 
review the comments made earlier in 
this article and then study table 1 and 
figs. 4 and 5. If possible, try to obtain 
manufacturer's specifications. Most 
transmission line manufacturers have 
extensive catalogs with all kinds of in- 
formation about their products. 

If a long transmission line is needed, 
a combination of types is permissible. 
For instance, hardline or Heliax can be 
used from the shack to the top of the 
tower and from the antenna down the 
mast joined around the rotator with a 
flexible type of line. Other combina- 
tions are also acceptable providing that 
the overall insertion loss of the sytem 
is within reason. 

Power lost in transmission lines is 
gone forever. Although some installa- 
tions use antenna-mounted preampli- 
fers to lower the received signal loss, 
this does not make up for the trans- 
mitted signal loss. After all, who needs 
to heat up Mother Nature? 

This brings up an important but 
subtle issue. A 3 dB insertion loss 
transmission line would require 3 dB 
more antenna gain to offset the loss. 
This would mean at least doubling the 
antenna size while halving beamwidth 
and probably more than doubling the 
wind load. This type of problem can 
usually be partially solved by using a 
larger, albeit more expensive, trans- 
mission line. 

For example, at 432 MHz 100 feet 
(30.5 meters) of RG-8 or RG-213lU 
coax would have a loss of about 4.6 
dB, as mentioned earlier. Replacing 
such a line with the same length of 
718-inch (22-mm) hardline would lower 
the loss to 1.15 dB, a drop of almost 
3.5 dB! The total cost of this change 
would probably be only an additional 
$50.00, much less than the cost of in- 
creasing the antenna gain by 3 dB! 

Don't be penny wise and pound 
foolish. Larger low-loss feedlines will 
pay handsome dividends and more 
than offset their initial cost by the 
performance gain. 

A further cost savings idea is sug- 
gested. Many of us install one expen- 
sive low-loss transmission line for 
UHFISHF and place a remotely acti- 
vated coaxial relay at the top of the 
tower. The number of antennas that 
can be accessed is only limited by the 
number of poles on the relay. 

Suitablerelays are often found at flea 
markets at attractive prices ($25-501, 
especially if you count in the number 
of poles. In this configuration the 
actual cost of the transmission line and 
relay is divided by the number of an- 
tennas that are accessible. For exam- 
ple, even using only an ordinary two- 
position coaxial relay effectively al- 
most halves the cost of the transmis- 
sion line per band without sacrificing 
performance! 

Talking to old timers can clue you 
into some of the problems inherent in 
the use of certain coaxial cables. 
RG-17 is such an example. On a long 
run (perhaps 100 feet or 30.5 meters), 
the coefficient of expansion of the 
inner conductor and the outer con- 
ductor can be quite different. If the 
temperature rises or falls considerably, 
the center conductor may expand or 
contract more than the outer jacket. 
The net result can be a broken center 
pin at the interface when heated or a 
retracted center pin that breaks con- 
tact during cold weather. Use an "LC" 
type connector since the standard N 
connector, a UG-167, tends to in- 
crease the severity of this problem. 

If you opt to use CATV transmission 
line, proceed with caution; some 
75-ohm connectors are available, but 
the coaxial types are usually scarce. If 
you use this type of line, make an im- 
pedance transformer at least a t  the 
shack end to get back to 50 ohms to 
match your VSWR meter, etc.12 And 
beware - CATV transmission line, 
especially the type that Amateurs 
usually obtain, is typically specified up 
to 350 MHz. Often the VSWR will go 
out of specification just above this 

frequency although it may improve at 
some higher frequency. Caveat 
emptor. Test it at the frequency of 
interest before you install it! 

I'II let you in on a secret. I often find 
and purchase 50-ohm hardline and 
Heliax at Amateur flea markets. Sure, 
the price may be higher (50 cents to 
a dollar per foot) than conventional 
transmission line and connectors more 
difficult to find (although sometimes 
they're included on the line), but look 
at the reduction in price from the 
manufacturer and the difference in 
performance! One line like this will give 
you at least 10 to 20 years of uninter- 
rupted superior performance. Can the 
lower cost cable do this? I'II bet you'll 
spend more in the same period of time 
by replacing the cheaper brand every 
few years - without the performance 
advantage. 

summary 
I've covered plenty of miscellaneous 

material in this month's column. But 
a thorough understanding of the infor- 
mation presented in the test, graphs, 
and table will give you most of the 
tools necessary to select the optimum 
cable for your requirements. 

So there you have it. Just remember 
that the primary guideline when selec- 
ting a suitable transmission line is don't 
be penny wise and pound foolish. 
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repairing 
flood dam age 

After four days of constant, 
heavy rains the river crested 7 7 feet 
above flood stage and overwhelmed 
the best efforts of hundreds of bone- 
tired volunteers. Despite backbreak- 
ing, heroic efforts, the sandbag wall at 
the edge of town gave way under the 
relentless pressure of the angry river. 

Over the next 24 hours the water at 
your home QTH rose, completely 
flooded the basement, and gushed in- 
to the first floor to a height of 6 feet. 
Time was too precious to save any- 
thing but the family - all else was left 
behind. As the waters receded, the 
governor called out the National Guard 
to prevent looting, and you returned 
to recover what you could. You found 
your rig all but ruined, still damp and 
covered with mud. 

Although most flood damage sce- 
narios are not as dramatic as this one, 
we nonetheless hear of radio equip- 
ment that has, for one reason or an- 
other, taken a bath. Boating accidents, 
plumbing failures (Gee! Was that plas- 
tic pipe really running just above my 
radio set?) and a variety of other prob- 
lems splash our rigs out of service. For- 
tunately, if the insurance company 
pays off well enough, you can go out 
and buy a new rig. But if the insurance 
company refuses to pay - "Sorry.. . 
wind-driven water damage excluded 
. . ." - or if you don't have insurance, 
then you might want to take restora- 
tive action yourself. Even if the in- 
surance company does pay, you can 
usually buy the rig back from them for 
salvage value. One guy I know re- 
ceived $325 for a two-year old trans- 
ceiver and bought it back from the in- 
surance company for $20. The com- 
pany sent him a check for $305, and 
he kept the carcass. 

Some of the steps I'll recommend 

may sound a little bizarre to you in 
terms of safety and comfort, but make 
more sense when you're faced with 
the possible loss of an expensive piece 
of equipment. Some of the steps - 
especially those involving baking the 
moisture out or using chemicals to 
clean the rig - might actually cause 
a little damage that will also have to 
be repaired. If that makes you nervous, 
it may help to remember that you can- 
not harm the radio any more: it's 
already a totalloss! Any restoration is, 
therefore, pure gravy. 

don't touch that dial! 
The first thing to do is refrain from 

turning the rig on, even for a brief test 
to see whether it will or won't work. 
Satisfy yourself right now that even a 
short dunk causes fatal damage! Still, 
the all-too-natural urge is to see 
whether your rig survived the flood.. .if 
it was immersed, then it didn't survive! 

So if your rig has been under water, 
remove the covers and give it a bath. 

A bath? 
I once lived in a seaport town where 

saltwater damage to electronic equip- 
ment was common. The shop where 
I worked part-time (while attending 
college) took in an $1800 UHF-FM taxi- 
cab radiotelephone set that had been 
immersed the night before during a 
storm; it seems that the saltwater river 
tributary had overflowed its banks 
enough to cover the radio, mounted in 
the trunk well. The first thing the shop 
owner did was take the transceiver out 
to the parking lot and give it a ten- 
minute shower with a garden hose. 
He'd lived in that town all his life, and 
had much experience with water-dam- 
aged radio gear. 

(If the damage to your unit is due to 
saltwater, then do the cleaning job im 
mediately. Don't delay; the longer salt 
residue remains in the equipment, the 
greater the corrosion damage will be. 

In some cases, it will be necessary 

to follow the shower with actual im- 
mersion. A friend of mine uses a 25- 
gallon tub, the kind you might use to 
bathe a large dog. In the tub, he mixes 
two to four quarts of a product like 
Lestoil, a small bottle (2 to 4 fluid 
ounces) of either fingernail polish 
remover or acetone (same stuff), and 
enough tap water to fill the tub all the 
way to the rim. He leaves the set in the 
bath for an hour, then pours out the 
solution and rinses the tub out thor- 
oughly, refilling it with plain tap water. 
(Some people prefer to use distilled 
water, which is available in bottles in 
some areas). This second bath re- 
moves any residue left by the chemi- 
cals in the first bath. 

Note: this Lestoillacetone bath may 
damage some plastics. If this worries 
you, then use plain soapy water. It 
isn't quite as effective as solvent, but 
it works somewhat. Keep in mind that 
the damage will usually not prevent the 
rig from operating, and most plastic 
pieces can be replaced anyway. The 
rig is already a total loss, so don't 
worry about trivial secondary damage! 

The next step is drying the unit out 
thoroughly. If you live in Arizona (yes, 
they have floods in the desert!), then 
simply leave the rig out in the sun for 
about a week. Everyone else will have 
to use some other method. The kitch- 
en oven is a good bet, provided that 
it can be regulated to maintain a tem- 
perature of 125 to 130 degrees Fahren- 
heit (52-54 degrees Celsius). That 
range is low for a kitchen oven, and 
some ovens might not be able to re- 
main that cool. Higher temperatures 
will dry the rig out faster, but will also 
melt some of the plastics used in the 
radio, so beware. The drying process 
takes several days - perhaps as long 
as a week. 

Another way is to build a cardboard 
(or other material) box and use several 
hundred watts of incandescent lamps 
to provide heat. Use a thermometer in- 
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side the enclosure to ensure that the 
130 degree "melt limit" is not exceed- 
ed, and that the box doesn't catch fire. 
Again, as much as a week may be 
needed, although I have dried out a car 
radio that was dropped into fresh 
water (for a few minutes) in only one 
day. 

preventing secondary 
damage 

Now comes the big test! In some 
cases, the only way to test the equip- 
ment is to turn it on and look for 
smoke. I prefer a more conservative 
approach that sneaks up on it one step 
at a time. First I disconnect the inter- 
nal DC power supply; this can be abso- 
lutely essential to the survival of the 
equipment being repaired, especially 
those with high voltage power sup- 

plies, such as certain transceivers and 
most linear power amplifiers. 

Without connecting the rig to AC 
power, connect a bench power supply 
to the circuitry that was previously 
connected to the rig's internal power 
supply. It's essential to use a DC 
power supply that will provide the 
same voltage(s) as the original internal 
supply, and additionally (this is impor- 
tant) has a current limiter control. The 
output voltage is set to the DC voltage 
normally supplied by the rig power 
supply, and the current limiter control 
is set for a short-circuit current only a 
little above the normal operating cur- 
rent of the circuit under test. 

Why go to such trouble? Because 
you want to prevent secondary dam- 
age. There's almost inevitably a short 
circuit or other condition that draws 
loads of current. If such a condition 
exists in the equipment, the internal 
power supply normally used will prob- 
ably produce enough current to burn 
up components, printed wiring board 
tracks and other components. After 
the circuit is checked out, then we can 
check out the power supply and, if it's 
working, reconnect it. 

The low-voltage DC power supply 
should be checked out separately, 
especially if it uses a series-pass 
regulator - almost all do these days. 
If the regulator circuit is not working, 
then one possible fault allows the rec- 
tifier output to be connected to the 
regulator output: this occurs when the 
series-pass transistor is either shorted 
or hard biased to full turn on. Since the 
rectifier voltage is always higher than 
the regulator output voltage, it can 
damage the circuits that were just pro- 
nounced healthy. 

High voltage power supplies present 
special problems. Small amounts of 
moisture that are no problem in low 
voltage supplies will zap a high voltage 
supply into Never-Never Land. The 
special problem is the high-voltage 
transformer; extra drying may help, 
but if moisture has entered, then it 
may have to be replaced. Figure 1 
shows a method of drying a power 
transformer. A 115 volt AC lamp is 

placed in series with the primary of the 
high-voltage transformer. The current 
flow is sufficient to cause internal heat 
buildup, but not enough to zap the 
transformer if it is shorted. If the high- 
voltage power supply uses a 220 VAC 
primary circuit, one lamp should be 
placed in series with each AC hot line 
(see fig. 1). 

Some remaining areas of concern, 
and probable damage, are those com- 
ponents where moisture can enter and 
remain hidden. Candidates include 
trimmer capacitors, air variable capaci- 
tors, IF and RF transformers, switches 
and potentiometers, paper capacitors, 
and electrolytic capacitors. 

On trimmer capacitors, we can open 
the capacitor up to the minimum 
capacitance position (with the screw 
all the way out) and apply heat from 
a hair dryer or incandescent lamp for 
10 or 15 minutes. Whether or not this 
step is necessary can be determined 
after the initial power-on test reveals 
a specific problem. Otherwise, you'll 
mess up the alignment of the rig for 
nothing. This step should not, there- 
fore, be used merely as a matter of 
course, but only in response to a speci- 
fic symptom. 

Similarly, air variable capacitors may 
have corroded contact wipers between 
the rotor and stator, and this will be 
apparent when the rig is turned on. 

Paper and electrolytic capacitors can 
absorb water, especially if they have 
a fiber or cardboard end cap. If the 
capacitor shows signs of being soggy, 
then replace it; capacitors are, after all, 
relatively inexpensive. 

If a lot of scum remains on the 
printed circuit board, then spray clean 
it with Freon TF or a similar product. 
Use a small paint brush or a piece of 
cheesecloth to help loosen the scum. 

Flood-damaged radios are often sal- 
vageable. However strange these 
methods may sound, they've been 
used successfully by professional ser- 
vice technicians for many years. 

If you have a question, let me know. 
While I can't guarantee a personal 
answer, I will attempt to answer as 
many of your questions as possible in 
this column. 
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RS 2321: VOLTMETER FOR YOUR PC'.. 
8Ph8wrl,,I .: . r l , ~ ~ !  A,.lJ'. ,ult!lru,, f i  c m m  
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sarr I . ICA unqtlv ru ,oIferrnn,~l IW p d q  15 
hfs i d  1IICJtU Soecial wi .;taw serial lu8wll e l m  

... - -  

m s  m3BS COMPLnEl 

DEALER INOUIRIES WELCOME. 
603-5883748 

I SAVE YOUR EARS I 

I WITH THIS HANDY 
SIGNAL ENHANCER 

/ 150 

Hildreth Engineerin! 
936ArdeaDrlve Sunyvde.CA94086 

0 a .  
EXMET our source lor Olscwnted Prlme 8061- 
~616061-78511 aturntnum Tubnng and Rod lhat s 
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112" x 058 I 2  I1 S 1250 
718" r 058 17 11 I9 50 

1" * 058 12 I1  21 75 
1-114. r 058 12 It 27 35 
1.112. x 049 12 It 28 80 
I 112" r 058 12 It 33 W 
1.112" x 065 12 I t  38 40 
1.112' r 083 12 11 48 W 
1.112" x 175 24 I t  86 40 
1-112" x 250 24 ft 105 15 

2" x 058 I2 11 42 25 
2" r 065 12 11 45 50 
2" r 175 74 I t  110 40 
2. x 250 24 I t  187 20 
3' x 065 12 11 81 50 

ROD 
0.0. Lsnglh Rice per LnnM 
118" "..-- I? It ." .. =?!! 

.LID- l i  I ,  a 2" 
Volume d!scwnts on orders over 15W 00 Omer vms ol  tublng 
and rod quoted upon requerl M~n~nlum order 150 W tublnq 
$50 W rod 
Polkles All pcces FOB Twunsburp Ohto Paymenl IS COD. 
or w e  2M) charges by enclowng a check or money order vnlh 
your order Ohlo resldenls add 5 112% sale5 tax  

Exmet, Inc. 
2170 E. Lrnn Rd.. P.O. Box 117. Twtnabrq. Mllo 44087 
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MICROCOMPUTER ELECTRONICS COPORATION NOW OFFERS 
THE M.E.C. 71a COMPUTER CONTROL INTERFACE THAT WILL 
CONTROL AND EXPAND THE CAPABILITY OF THE ICOM R71A. I 

MAIN MENU Conlrol cenler for 32 CH RADIO MEMORY Show- AUXILIARY MEMORY Show- 
enllre syslem Show~ng 24HR Ing lreq lo 10 Hz mode flller Ing page 1 o l  47 pages each 
UTC llme rad~o freq 8 mode, wln Loadlchange any memory havtng 15 memorles Freq. 
memory CH freq, mode plus ID mode ltlter dlrect from key- mode UTC tlme and r w m  for 
funct~ons for yoor set~ctton board and prtnt command you1 noles Auto log lealure 

allows fnstant logg~ng  of 
recelver Ireq, mode tlme 

Easy to use. No computer knowledge . HARD COPY via computer printer of all 
needed, automatic program loading. No memory channels. 
disk or tape required (except for aux . memory loading, 
memory storage). 
Menu driven to aid user at each step. 
No radlo modification necessary (ICOM 
EX309 - not supplied - required). 
AUTO LOG Allows logging of radio freq. 
mode and time by press of a key. 
UNLIMITED STORAGE via computer 
d~skor tape (store 705 CH perdisk side). 
Let your magination run wild. 
Software update. As new software is 
developed MEC will make it available to 
owner subscribers. 

Price to be announced - CALL. 
Available Fall 85. Dealer inquiries 
Invited. 
EEB is the exclusive distributor for 
Microcomputer Electronics Corp.'s 
product worldwide. Address all In- 
qulries to EEB. 
EEB is an authorized ICOM dealer and 
service center. Buy with confidence. 

I ORDER TOLL FREE 800-368-3270 1 
Pr~ces 8 specs subject to change Tech Info - VA orders 703-938-3350 
Sh~pping charges not included 
Returns subject to 20010 restock charge ELECTRONIC EQUIPMENT BANK 
Free catalog In USA; all others 3 IRC's 516 Mill Street NE 

Vienna, VA 22180 USA 

f l  152 

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 DX 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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PTFE* VHF antenna insulators 

1 
I  / a .  

( 3 . 1 8 m m )  
I 

\ .--- / t 

5 /16"  

( 7 9 4 m m l  

5 / 8 "  . 
( 9 . 5 3 m . m )  

1/16" 

- - - - - - - - 

t 

fig. 1. Teflon insulators: (A )  machine-made, (8) hand- 
made. 

Turn your own 
for best performance 

and appearance 

Several years ago I undertook a project that in- 
volved the construction of a number of identical anten- 
nas for 144 MHz and 432 MHz. Through-the-boom in- 
sulated elements seemed to be the best method of 
construction, but I was not satisfied with the insulators 
available. Because I'm retired and have a fairly well 
equipped home machine shop, I decided to make my 
own. 

After experimenting with a variety of materials, and 
after many weeks of work, I finally discovered that 
TeflonTM had all the properties I was seeking but one 
- low price. Teflon possesses a happy combination 
of ductility and elasticity, which, when combined with 
its superior insulation property, makes it ideal for my 
purposes. When installed in the boom, it will lock itself 
to the boom with a friction fit on the element holding 
it firmly in place. 

The machine-made insulator is much faster and 
easier to make and install than the hand-made version. 
Its dimensions are shown in fig. 1; the body of the 
insulator, measuring 0.312 inch (0.79 cm) diameter at 
the shoulder, tapers about 0.005 inch (0.013 cm) 
toward the other end. They're made to fit 5/16 inch 
(0.794 cm) holes (through the boom) and 3/16 inch 
(0.476 cm) diameter elements. The hole through the 
center is 118 inch (0.318 cm). When placed in the 5/16 
inch (0.794 cm) hole in the boom and expanded, the 
insulator forms an internal shoulder that locks it to the 
boom. 

lathe-turned insulators 
My first insulators were made from 318 inch (0.953 

cm) diameter Teflon rod. With the Teflon held in the 
headstock chuck, a hole was drilled through the center 

'Polytetrafluorethylene 
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type cutting tool, leaving a 5/16 inch (0.794 cm) inch 
diameter body and 1 I16 x 318 inch (0.159 x 0.95 cm) 
shoulder. The machining was done with the drill bit 
remaining in the Teflon to support it and keep it rigid. 
The individual insulators were then cut apart with an 
XactoTM knife held against the shoulder with the stock 
rotating in the lathe. In this manner I could make about 
eight insulators at one time. 

There was one problem, however. Because Teflon 
of this diameter is quite flexible, when the drill extends 
into the Teflon that lies beyond the support of the 
chuck jaws, it tends to "wander" and become eccen- 

with a 5/32 inch (0.397 cm) inch drill. A series of cuts By George Chaney, W5JTL, 218 Katherine 
was made using a 3/16 inch (0.476 cm) wide chisel- Drive, Vicksburg, Mississippi 39180 



tric. At  the time I was tapering the ends of the ele- 
ments and simply driving them through the insulators, 
letting them expand in the boom. This approach 
worked quite well, and I still have some antennas in 
use that were assembled in this manner several years 
ago. I did not realize that Teflon would tolerate, with- 
out fracture, the degree of expansion I later dis- 
covered. Further research in my plastics supply catalog 
revealed that heavy-wall Teflon tubing is available (at 
almost double the price of the rod) in 318-inch OD and 
118-inch ID. I bought some, tried it, and have used 
it as my basic material since then. With no holes to 
drill, my production rate skyrocketed. What had been 
a chore now became a pleasure. 

The lathe configuration is illustrated in fig. 2. The 
heavy wall tubing is inserted through the chuck into 
the lathe spindle, extending approximately 2-1 12 
inches (5.127 cm) out of the chuck. To support the 
Teflon during machining, use 118 inch (0.3175 cm) 
diameter drill rod, held in the tailstock chuck. Insert 
it in the center hole of the teflon tubing all the way 
to the headstock chuck. The drill rod acts as a mandrel 
to support the Teflon during turning and cutting pro- 
cesses, so there's no problem making ten insulators 
at one time. When finished they're simply removed 
from the mandrel, and the process is repeated. 

It's not necessary to measure the shoulders for 
thickness. An "eye-ball" 1116 inch (0.16 cm) is 
satisfactory. But it is necessary to measure the body 
and produce the insulators uniformly. I use a dial indi- 
cator caliper for this purpose. After turning a few, I 
take note of the cross-feed index. If I find that I'm get- 
ting uniform production, I put on a cross-feed stop, 
adjust it so that the cutting tool feeds into the work 
to the proper depth and can go no further. Thereafter, 
the cross-feed is fed in until it stops; it is then with- 
drawn, and the lathe carriage is moved forward 114 
inch (0.635 cm). The process is repeated until the man- 
drel is full of insulators. (A skilled operator could easi- 
ly turn out 200, and perhaps 300, insulators per hour.) 

installation 
Insulators with a 118 inch (0.318 cm) center hole 

will require more than a slight taper of the element if 
the element is to be used for expansion. After much 
experimentation, I've concluded that a 6-degree in- 
cluded angle (3 degrees each side of center) taper is 
about optimum. This would result in reduction of the 
element diameter of nearly 1 inch (2.54 cm) at each 
end, and could adversely affect the design resonance, 
particularly at 432 MHz and above. My first expansion 
tools were 0.188 inch (0.476 cm) in diameter and less 
tapered - perhaps only 8 or 10 degrees; these occa- 
sionally produced sheared insulators. At the 1984 
Central States VHF (CCSVHF) Conference, Jan King, 
WSGEY, expressed an interest in obtaining some of 

PTFE HEAVY WALL TUBING 

3 / 8 " 0 D 1  I / B " I D  

------  

C U T T I N G  TOOL - 
l lS '  13 . lSmmI  DRILL ROD 

MANDREL - E X T E N D S  2 l / 2 "  

1 6 3 . 5 m m I  INTO P T F E  

TUBING 

fig. 2. Metal lathe set-up for production of insulators. 
The cutting tool (chisel-type, 3116inch. 0.4763 cm) wide 
is fed straight into the PTFE to reduce diameter to 0.312 
inch (0.792 cm). Shoulders are lll&inch ( O . l ~ c m )  thick. 
(The drawing is expanded.) The clearance between the 
end of the Teflon and tail-stock chuck need not be more 
than llainch (0.3175 cm). After ten cuts have been made, 
insulators are separated by holding a sharp knife edge 
against the insulator "body" at the right-hand edge of 
each shoulder, with the work rotating in the lathe. 

SHANK 

f 6 . 3 5 m m l  

D IAMETER > 0.125" D IAMETER = 0 . 2 0 5 ' '  

fig. 3. The expanding tool may be made of brass, bronze, 
aluminum, or steel. W5JTL uses a 114-inch (0.6350-cml 
brazing rod. 

my insulators. I took him to my hotel room to give a 
demonstration of how to use them and - you guessed 
it - promptly sheared off a couple of them. Neverthe- 
less, he left with a few hundred insulators and I came 
home and went back to the drawing board. I now 
make the expanding tools 0.205 inch (0.521 cm) in 
diameter, with a long taper. (These are illustrated in 
the drawings of fig. 3.)  When withdrawn from the in- 
sulator, the hole immediately shrinks to 0.175 to 0.180 
inch diameter and provides ample friction to hold the 
element. 

Two opposite side insulators may be installed in the 
boom at one time if the shank of the installing tool 
is long enough to go all the way through and the bot- 
tom side insulator is supported until it is expanded. 
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PICK A COMPUTER 
INTERFACE B 

COMPUTER PATCHTM 
MODEL CP-1 

MICROPATCHTM MODEL MP-1 

COMPUTER PATCH MODEL CP.100 

COMPUTER PATCHTM MODEL CP-1 
The AEA Model CP-1 Computer Patch has earned a solid reputation for being the best 
overall interface value on the market today. We at AEA have now reaffirmed what our 
competitors already know; for the money, the CP-1 cannot be beat! That is why we have 
chosen to leave the popular CP-1 in our product line and to introduce new computer in- 
terfacelterminal units with differing features and performance at different prices. 

MICROPATCHTM MODEL MP-1 
The new AEA model MP-1 Micropatch represents the best features and performance 
available for under $140.00. Featuring true dual-channel filtering of Mark and Space 
tones with an AM detector and Automatic Threshold Correction (ATC) circuit, the MP-1 
is in a totally different performance class than competitive units that often have only a 
single channel filter or no filtering at all. 

The MP-1 also offers a high performance CW capability. With respect to theCP-1, overall 
performance is nearly as good; but the CP-1 offers a few more advanced features such 
as variable shift tuning, RS-232 option, and a more advanced tuning indicator. 

COMPUTER PATCH MODEL CP-100 
The new CP-100 Computer Patch offers all the following exciting features in addition to 
the CP-1 features: 

170,425,850 Hz Calibrated Shifts for Transmit and Receive 
75 to 1000 Hz Variable Receive Shift Range 
Normal and Reverse FSK Outputs 

Built-in Monitor Speaker 
Baud Rate Switch 

COMMUNICATIONS 
915 North Main Street 

Jamestown, New York 147Ol (716)664-6345 



A "lead" section on the expander helps in alignment, 
but is not necessary. A length of wood measuring 
approximately 2 x 4 x 12 inches (5.08 x 10.16 x 
30.48 cm) with a hole large enough to clear the ex- 
pander, drilled about 3 inches (7.62 cm) deep [centered 
on the2 inch (5.08 cm) side] is a valuable aid in insula- 
tor and element installation. It provides support for the 
bonom insulator during this process. The boom is 
placed on the wood with the two opposite side insula- 
tors in place. The expander is driven through both of 
them and extracted. The element - with the sharp 
comers at the end is rounded off 0.005 inch (0.013 cm) 
with a file or sandpaper - is then driven through un- 
til it protrudes an inch or two on the opposite side. 
Inspect it from the bonom side to make sure that it's 
centered in the bottom insulator before driving it all 
the way through. Centering the elements in the boom 
is done after all have been installed. 

hand-made insulators 
If you're making a single antenna and want only a 

few dozen insulators, they can be made without a 
lathe. Unfortunately, the heavy wall tubing (and it's 
not available as a stock item with a center hole smaller 
than 118 inch, or 0.318 cml will not expand sufficiently 
to form its own shoulders and "stay put" when driv- 
ing the elements through. Teflon rod of 5116 inch 
(0.794 cm) diameter is readily available and is much 
less expensive than either 318 inch (0.953 cm) rod or 
tubing. All you have to do is drill a hole through the 
center of it and slice it off into individual insulators. 
This is easily done in a drill press. Place a short piece 
of straight metal rod 5116 inch (0.794 cm) diameter 
in the drill press chuck. Put a drill press vise on the 
rod and tighten it with the rod in the vertical "vee" 
of the vise. You can now drill short pieces, up to about 
1-1 12 inches (3.81 cm) long, through the center with 
sufficient accuracy for our purposes. Use a drill no 
larger ttian 3/32 inch (0.238 cml and preferably 1/16 
inch (0.156 cm). Cut the individual insulators about 
5/16 inch (0.794 cm) long. 

Installation is somewhat similar to the lathe turned 
insulators, except that they must be put in "bottom 
side" first. The expanding tool must have a point small 
enough to enter the smaller hole. Since greater forces 
are required in this installation, better support of boom 
and insulator is necessary. The insulator should be 
"half in and half out" of the hole in the boom during 
expansion. To maintain things in this position, a relief 
hole for the insulator is provided by fixing a piece of 
flat thin gauge metal (1116 inch, or 0.159 cm, alumi- 
num is OK) to the wooden block before drilling the 
hole for the expander. Then put a piece of 1 18 inch 
(0.318 cm) thick aluminum, with a 318 inch (0.953 cm) 
diameter hole through it, over the other metal piece, 
with the 318 inch (0.953 cm) relief hole centered over 

the expander hole. It can be held in place with glue. 
Place the boom with insulator in place, on the wooden 
block and centered over the 318 inch (0.925 cm) relief 
hole. Insert the expander through the vacant top hole 
in the boom and drive it through the insulator, expan- 
ding it. Withdraw the expander. Turn the boom over 
180 degrees with insulator in place in what is now the 
bonom side, insert the expander through the previous- 
ly installed insulator, and drive it through. It's now 
ready for element installation, in the same manner as 
the lathe turned insulators. 

conclusion 
I've made and disposed of several thousand of these 

insulators. Every user I've heard from has expressed 
complete satisfaction. The material cost for the hand- 
made insulators should be no more than 4 cents each, 
if quantity price of Teflon is obtained. I've made and 
will continue to make the machine-made variety avail- 
able to VHFers at that price. 

Perhaps some one else can produce them more eco- 
nomically. I claim no proprietary rights and invite 
anyone so inclined to produce them; I'll be glad to fur- 
nish more detailed information to anyone wishing to 
produce them commercially. 

ham radio 
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Infrared remote control tuning 
AFC, SAW filter 
RF or video output 
Stereo output 
Polorator controls 
LED channel & tuning indicators 

Install six factory assembled circuit boards to 

Completed downconverter add 

Completed receiver and downconverter 

JAMES WALTER SATELLITE RECEIVER 
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Barker & Williamson offers six new multlbond trapped 
dipoles made to fit in less space than conventional anterr 
nos. You may not hove mom for that dream antenna form. 
but no longer need limit your operating to one or two 
bonds. These new antennas provide low SWR on every 
bond making ogreat companion fortdoVs solid State rlgs 

Direct feed with 52 OHM Coax 
1 KW CW. 2 kW P.E.P SSB 
SO239 Termination 

AU OUR mOWCTS MADE IN US4 

BARKER & WILLIATBON 
Y~nl1W~ommunkat1onPrDclu~t~Z1wc'103? 
At your L>~stnbutors Wr~te 01 
10 canal Street. Bristoi. PA 1 
(215) 788-5581 

Call 
900 7 

HF ANTENNAS - 
i I .  / \ The way 

, by John Haerle, WB511R 
-.. I 

. . r . , I , n l I , I  
.. 

, . ' ' .  'I[!: ,. - \ 

This book has 
been published as 
a memorial to 
WB511R's work as 

an Amateur Radio teacher. Originally given as a series of 
speeches or papers, this tutorial is an excellent source 
book on antenna theory and applications. Examples of 
areas covered are: Fundamentals, antenna and feedline 
terminology, baluns, ground systems, lightning protection. 
The Basic Antenna, the dipole, the zepp, GSRV, Windom. 
Special Antennas, the sloper. DDRR. Beverage, folded 
unipole. Beams. WBJK. Yagi, two element quad, and the 
160 meter band story. John's writing is in an easy-to- 
understand conversational style and is full of examples 
and handy tips and hints. There are no drawings or illus- 
trations but John's prose paints pictures for clear and 
complete understanding of the information being 
presented. 1' 11984 1st Edition. 

fl JH-AT Softbound $11.95 
Please add $3.50 for shipping and handling. 

Ham Radio's Bookstore 
Greenvile, NH 03048 

ELECTRONIC Equipment? 
You'll Find Them 

in the Nation's No. I 
Elsctwnic Shopper M a g u z i m  

NUTS & VOLTS 
Now in Our 5th Y.ar 

Nuts & Vol ts is published MONTHLY and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSIFIEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 
SUBSCRIPTIOM RATES 

. . . . . . . . . . . . . . . .  One  Year - 3rd Class Mail $10.00 

One  Year - l st Class Mail. . . . . . . . . . . . . . . . .  S 15.00 
One  Year - Canada & Mexico (in U.S. Funds) . . S 18.00 

. . . . . . . . .  Lifetime - 3rd Class Mail (U.S. Only) $35.00 

ORDER MOWt 
U CHECK U MONEY ORDER 

MASTERCARD 

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 J 1W 
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$1499" :c",';:- 
CT.!"I i., . . . s12o.n 
OV- 1 0 I PPM oren limebase 5S.95 
RP-4 ni<.ilO pack . . . . . . . . 8 9 5  

CT-125 9 DIGIT 1.2 GHZ 
COUNTER 
A '1 d,,i,: , . . , . , I  I., ,no, W,II ov lper lormunl f lC~ I .  
,nu ~ I ~ ~ ~ . ~ ~ ~ ~ ~ ~ I ~  mow 011e ~na~cntor . 24rnv (a? 

CT-50 8 DIGIT 600 M H z  
COUNTER 
I ... rich C Y . ~ ~ B *  rvnoot.on.o 
I . ,  . .I. I , IOIPICI ."<h,"~",lh.Cl. 
' , . I tmnur, l,,, rnOIl an* ,rc< ha# . ,' I . U P , ,  I . , , . L d . , . . l , I  .I!. . I d a . ,  
Olrpla" . : p, "l ilrcurvcy 

. . 

$1 6995 w,, 
CT I,".,! . .  . . . .  1139.95 
R & ~ ?  r+., ucvw adapter kc! , , . . . 14.9s 

~ ~ - 7 m  DIGITAL MULTIMETER PS-2 AUDIO MULTIPLIER PR-2 COUNTER PREAMP PS-1 B 600 M H z  PRESCALER 
P t , d e 3 S # ~ # , ~ # ~  a t , .  :##I, 4 ~ , ~ ~ o ~ ~ ~ ~ ~ . ~ ~ r ~ ~ ~ ~  rea The P5.;, ,,. 33,*#,#>v (t,r > , , t ) t l  ,I,,,#., , ,AL,~,O T",.P".2,\,or .,,I,, , ,,,, "",ea*p,gn.l* E.!<."d,\l\' 8 ,  ,<,,. ,,, ,,,,', ,,f#...<.,,,# ,,,>*,,?# ," 
t,,,, .* ,"C,&, , , *  >,. , , ,I!,  !,.,,, ,,,,,, , , . a , , < ,  ' !",>C. i l l ,  ,(,,, , , , ,  ,,,,." ,.,, 1.. ,,,,,I,,,,, ,,.. ,,P,",,c. from 1010 1 (WOMHI . fi,lt?5,jng.,,n . WNC ~ ~ t i r  . . ' e ~ i l . r , r . . n m ~ > .  ,II~'I~I~ !I" i l i c l r -  

t w r > <  . 3 \$#,2m! ~ w L ! ,  LFFI < $ # V 2 l . $ ?  . dL3qO. qusncy . gr l.li lt,r I'L I,,, >r ~ne.#\ ,~r, .  n,.nl.i ~orrneclor,. 3lwnl lor ~hl l l lsq RF . ldaRl cuttry. i c l 8 l lV (~8 ,  Ieb<IMi+:. l lNC 

oerlnls plnl l.llllllll . dII~UIII.I~IL plJ4.?raly . mtl#tlplll.l tlji IU of 1w1 . u iil I((  I I . - . U I L ~ ~ ~ < ~ ~  4 w r e ~ v r r i l v  p(t-n<np c u , ~ r w ~ ~ o ~ ~  - ,+w~  .,,,v c CNI,,~,.~ 

h" ,,,.,, , s,qr,;,, ",.,a,,,",, ,,,,d,,,<m,~,.r 

$1 1 995 ;k",'Z;::d- $4995 WI", $4495 :;z":?- $5995 :c2;:":"- 
DM !Mi . . . . SM.)5 PR . *I! .. ,.. . . . . . m . 9 5  PS '1 ,  .. . .  . .  . .  ..... Y L I  
MI' I nrtih., re4 . . . . . . . . . . . . . . . 4 . 5  PS 2 rll . . . .. . . .  . . . .  . .. $39.95 I 
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sunspot cycle update 
It's t ime for a six-month update on 
the progress of the I 1  -year solar cycle, 
and time for a look at what conditions 
might lie ahead. Could we be ap- 
proaching the minimum? 

First, consider the sunspot number 
(SSN) itself. Since our last update,* a 
slight increase of about 10 SSNs 
appeared in May 1985 and continued 
into June and July before decreasing 
to the present level. 

One clue that indicates a SSN mini- 
mum is close occurs when sunspots of 
the new cycle appear on the sun'sdisk. 
For about two years the new spots are 
seen simultaneously with the old cy- 
cle's spots. This sighting of the new 
spots at high solar latitude, 30 to 35 
degrees, and of opposite polarity to 
those in that hemisphere, occurs about 
a year before the minimum. This had 
not yet happened as this issue went to 
press. 

Trends in the SSN 11-year cycle 
duration from minimum to minimum 
and the values of SSN at the minima 
are interesting to note. The cycles with 
higher values at their peak tend to be 
of shorter duration and have higher 
valued SSN minima following them 
(the peak). The present cycle 21 had 
a maximum monthly SSN of 165 (53 
percent above the average) and con- 
sequently should end up being a short 
cycle (9.0 to 13.6 years, average = 
11.1 years). The SSN minimum value 
(0 to 11.2, average = 5.1 should be 
higher than the average of 5.1. As of 
this month, the cycle is 9.3 years long, 
which is short compared to recent cy- 
cles, which varied from 10.17 to 11.4 
years duration from minimum to mini- 
"DX Forecaster, ham radio, April, 1985, page 84. 

FOR ECASTE 
Garth Stonehocker, K0RYW 

mum. Therefore, it's probable that 
only another eight to ten months will 
pass before we reach the SSN mini- 
mum; this puts the date of the SSN 
minimum somewhere between April 
and August, 1986. So the monthly 
average values are expected to decline 
slowly from the current 12 to about 6 
or 7 by late summer of 1986. 

Now let's look at the 10 cm solar flux 
as a predictor. Solar flux monthly aver- 
ages decreased to 73.5 in October, 
1984, and stayed within +2  of 75 un- 
til May, 1985. Since flux is a direct en- 
ergy measurement it is closely corre- 
lated with ionospheric effects. Also, 
daily values of flux can be used directly 
without smoothing; thus they are made 
available to us easily and quickly. In 
monthly averages of daily values the 
solar variation throughout the month 
is mostly eliminated because of the 
similarity of the lengths of the solar 
rotation (27 days) and a month (28-31 
days). One value per month makes 
seasonal and annual solar effects easy 
to study. May, June, and July aver- 
ages were up about five units, mark- 
ing the return of greater 27-day cycle 
activity. The flux average was raised 
more by the activity than it could 
decrease since the decrease was 
limited, being so close to the lowest 
flux ever recorded (63) for a day. The 
lowest value of flux so far in cycle 21 
was 68 on May 31, June I, and June 
26, 1985. The solar flux monthly aver- 
age is expected to slowly rise or at 
least remain constant through the win- 
ter before decreasing those few re- 
maining units after spring into sum- 
mer. Solar flux minima tend to occur 
during summer when the sun is fur- 
thest away; the 27-day solar variation 

is often less in summer months. It is 
interesting to note that if the 27-day 
variation is absent the daily values 
come close to the monthly average 
near SSN minimum. 

last-minute forecast 
The higher HF bands are expected 

to be very good after the 12th and dur- 
ing the third week of October. It's 
probable that the solar flux 27-day 
maximum (as small as it is these days) 
will occur about that time. That, add- 
ed to the beginning of the rise in solar 
flux to winter levels as the sun-earth 
distance shortens, may bring a good 
maximum. The higher band openings 
should be the result of long-skip trans- 
equatorial propagation, particularly if 
moderate geomagnetic disturbances 
appear at that time. Geomagnetic 
disturbances are most likely about 
October 21 to 27. The lower frequency 
bands 30 to 160 meters, should greatly 
improve as a result of decreased thun- 
derstorm noise and lower attenuation. 
Both should provide increased DX 
range in the evenings. These lower 
bands should be best the third and 
fourth weeks of the month. 

The Orionids meteor shower will be 
visible from the 15th to 24th of 
October, with a maximum rate of be- 
tween 10 to 20 per hour on the 20th 
to 21st of the month. The moon is full 
on the 28th and perigee occurs on the 
15th. A total eclipse of the moon on 
the 28th begins at 1515 UT in the 
Western Pacific along the countries of 
New Zealand, Eastern Asia and part of 
the Arctic. It will travel across the In- 
dian Ocean, Africa, and Europe, end- 
ing in Iceland and Eastern Greenland 
at 1929 UT. 

band-by-band summary 
Ten, twelve, 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 these bands will be 
shorter and will occur closer to local 
noon. Transequatorial propagation on 
these bands will more likely occur 
toward evening during conditions of 
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Hand -he ld  T r ~ r i ~ c e i v ~ r \  
Deluxe models Regular SALE 

......... CF-I Cooliriil Ian lor P S - I 5  IC-02AT lor 2m ....... 349 00 289" 
IC-04AT for 440 MHz 379 00 28gs5 
Standard models Regular SALE 

.......... IC-2A lor 2m 239 50 18Y9' 
....... IC-2AT wllh TTP 269 50 19qq5 

IC-3AT 220 MHz . TTP 299 95 23q9' 
IC-4AT 440 MHz . TTP 799 95 239" 

FL-32 500 Hz CW l~l ler ............. 5950 

EX-195 Marker u n ~ t  ................ 3900 
EX-202 LDA inlerlace . 730/2KL/AH.l 27 50 
EX-203 150 Hz CW aud~o l~l ter ..... 3900 
E&205 Iransverler sw~lchtng unlt 29.00 
SM-5 8.p1n electrel desk m~crophone 39.00 
HM-10 S c a n n ~ n ~  moblle m~crophone 39.50 
ME-5 Mobtle mount ................ 1950 

.................. 
FL-32 500 Hz CW l~l ter 5950 CA-2 Telescop~ng 2m antenna 1000 ............ 
FL-34 5 2 kHz AM l~ l le r  ............ 4950 
SM-5 8-pin electret desk m~crophone 39 00 AG-35 Mast mount~d preampl~l~er* 84.95 
ME-5 Mob~le mounl ................ 19.50 

IC-745 9.band xcvr w/.l.30 Mhz rcvr 999.00 77g9' 

EX-241 Marker u n ~ l  ................ 2000 
EX-242 f M u n ~ l  ............ ... .... 39.00 
EX-243 Electron~c keyer u n ~ l  ....... 5000 

EX-310 Vo~ce syllies~zer .............. 39.95 ............. TS-32 CommSpec encode/decoder .... 5995 FL-32 500 Hz CW l~l ter 5950 ..... 
U1-15 Encoder/decoder ~ntertace ... 12.50 FL-63 250 Hz CW l~lter (1st IF) 48.50 

.......... UT-15s UT-15s w/TS.3? ~nstalled ..... 79.95 FL-44A SSB l~l ler (2nd IF) 159 00 144" 

FL-63 250 Hz CW 11lter (1st IF) ..... 4850 
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The italicized numbers signify the bands to try during the transition and early morning hours. while the standard type provides the MUF during "normal" hours. 
'Look at next higher band for possible openings. 
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R e c e h  Rwnga N.F. owln Comp. W l c m  
Only (MHz) (dB) (dB) (dBm) TYPO Prlca 
P28VD 
PMVD 
PMVDG 
P144VD 
P144VDA 
P144VDG 
P220VD 
P220VDA 
P220VDG 
P432VD 
P432VDA 
P432VDG 

DGFET 
DG F ET 

GaASFET 
DGFET 
DGrET 

GaAsFET 
DGFET 
DGFET 

G ~ A s F E T  
Blprilsr 
Elpolar 

GaAsFET 

Kt;rlax o h v  p m w i  Ilfl*rs w i t o r  m ~ v m  w ~ ~ c w t ~ o n w  only. Intlnw pnwmpllt luw wm rt wwltchmd ( f w i w a  
wlth tnnscelrers) wn8hand1e 25 wwtta tranwr%ter powar Mount lnllne pnampll1l.n b.1wee.n Ir.nscalrsr 
and m a r  amollllar lo t  hlah w w e r  woollcwllons Other wmalaur. commsrclal and a m l s l  mamDl l l l *n  arallabl* 

R d v o n c e d  
R e c e i v e r  

In the 1.1000 MHz range. Plaaselncludi S2shl plng In 
U.S. and Canads. Connectlcul resldsnts adg7.K% 
sales lax. C 0 D orders ndd $2. Alr mall l o  lorelgn couw 
lrles add 10Dio Otdar your ARR R x  only or Inllnw 
preampllfler loday and stsrt hsarlng IIke never belorel 
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Reseorch 
Box 1242 Burlington, CT 06013 203 582-9409 EEm 

Handy Logging Area 
Spinner Handle Available 

Case: 2x4"; shaft %"x3" 
M o d e l  TC2: S k i r t  2-118"; 

TC3 $13.50 K n o b  1.518" 
Model TC3: S k ~ r t  3": 

K n o b  2-318'' 

. 
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1111F SSB FILTERS 140 dR ull ref CF 7K:8 1150001,alr 
Y H r  111IFFlLTER ReduurhlpllchedORM CF 5KIR ylO W 
1B.POLE R 4C SSRI Plug on I l l l e r  Bnl  rkln vla.l lvlt~. 1BW 
HI, GdB. 74W H:. GOdB CF 2Ki16lAl~116K/161 5135 W 
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!3~nrvood Engi~~ring k 
1268 South Ogden St. fl 165 

Denver. Colo. 80210 yM 
(303) 722-2257 - 

highest solar flux and a disturbed 
geomagnetic field. 

Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con- 
ditions will resemble those on 20 
meters. Skip distances and signal 
strength may decrease during midday 
on those days that coincide with the 
higher solar flux values. Nighttime DX 
will be good except after days of high 
MUF conditions and geomagnetic dis- 
turbances. Look for DX from unusual 
places on east, north, and west paths 
during this time. The usable distance 
is expected to be somewhat less than 
20 in daytime and greater than 80 at 
night. 

Eighty and one-sixty meters will exhibit 
short-skip propagation during daylight 
hours and lengthen for DX at dusk. 
These bands follow the darkness, 
opening to the east just before your 
sunset, swinging more to the south 
near midnight, and ending up in the 
Pacific areas during the hour or so 
before dawn on the path of your in- 
terest. The 160-meter band opens later 
and ends earlier than 80. 

ham radio 

AUTHORIZED KENWOOD 
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H L HEASTER. INC .7W BucWlanm RB. Clafksbro. W VA 
m 0 1  Clarksburg Phone (3041 614-5485 or W VA Toll-Free 
1800352 3177 

Harold Heasbr. K A W X .  91 Rndgelield Rive. Ofmond Beam, 
FL 32074 Flonda Phone (9041 673.4066 

We sell all brands ol amateur rsdlm. amplifiers, antennas. 
lowers, elc 

C a l l u s I w a p u o l a n o n ~ y r n a d s . r a ~ b I m y D l l r  
money1 

SAY YOU SAW IT 
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COMPUTER TERMINAL BUILDING BLOCK $50.00 Green phosphor CUT 
This is a.great beginning for a computer terminal. It is a brand new, I'anasonic. 9 "  
TTL input monitor complete with its own self-contained, switching power supply, 
and a removeable (four screws) triple output  power supply. The whole assembly 
runs o n  11 5 1230 V, 50 160 Hz. Now for some specifics: 9 " Creen phosphor, T T L  
input monitor, attached regulated 1 ZVDC, 1.5A power supply used exclusively t o  
run the monitor and an attached triple output  switching power supply with outputs  
of 5 VDC c13.5A, +12 VDC 6. 500 ma, and -12 VDC 5OOma. The assemhly has 
mounting feet and should be a snap to  make a case for. Comes with hook up  data. 
New, factory boxed. We are offering this t o  you 4 ways: : Y . 

COMPLETE SET-UP AS SHOWN, including monitor, low voltage supply and 
lriple ou tpu t  supply. SPL-116-38, 14 Lhs., 550.00, 515225.00 . -- 

TRlPLE OUTPUT SUPPLY ONLY, SPL-117-38, 3 L b s .  $15.00 
'- 

9 "  MONITOR ONLY, (you supply low voltage input) SPL-114 -38, 10 Lbs. 5 25 .OO 

9 "  MONITOR WILOW VOLTAGE SUPPLY ONLY. SPL-I 15-38. 12 Lbs. 540.00 w1Display Board 

SEAGATE TECHNOLOGY ST 506 5%" HARD DRIVES 
The Seagate Technology ST 506 hard disc drive utilizes proven Winchester teacnology for 
reliable storage o f  up to 5 megabytes o f  formatted data. Some features o f  this very popu- 
lar drive are: 5 megabitlsecond data transfer rate, simple floppy like interface, high speed 
band actuator & stepper head positioning, requires only +5 & '12 vdc, and same physical 

. size and mounting param ters as a mini floppy drive. This Shugart compa tible drive is the 
.- same as used on many home personal computers. Each drive is checked out prior to ship- 

ment. Comes with data. Only a few on hand, so order early. 
F Shog. wt. 8 lb. ST-506 &iM&% REDUCED! now only $1 75.00 

TI 9914A Owners: We are in the process of developing a Winchester Hard Drive 
subsystem for the Texas Instruments 9914A. Please call or se:~d SASE for further info. 

113 Height 1 MEGabyte Disc Drives 
Here we go with another blockbuster buy o n  disc drives which should 
make the competion's head spin! We are offering brand new. Mitsubishi 
no. 4853. 112 height. 1 megabyte. mini floppy disc drives. 'These drives 
are beautiful. They are fully Sliugart 34 pin compatible. All are double 
side, double density, 80 tracks per side units. Each runs on +5vdc, .5 A 
and +1 2vdc, .7 A. Just the drives to  use with your IBM, Sanyo or  other 
computer. Each order will come with schematics and pin ou t  data. 
SPL-85C-35 . $175.00 each $175.00 each, 2/$325.00, 5iS725.00 
New, 7 5  wen power supply. +5vdc 5.5ampr. +12vdc 4ampq -12vdc .3amps 
1151230 input Made by GI, fully enclosed. with schematic. 
Shpg. wt 4 Ib. P S l O  $50.00 

Use wit:? . 
IBM 
' RADIO SHACK 

HEATH 
'XEROX 

SANYO 

HIGH POWER SURVEILLANCE IR SCOPE This Infra-Red scope was designed specifically Tor long range surveillance 
use. The bui l t~in,  totally invisible, 50 watt halogen lamp IK source is 
coupled with a premium grade type 6032 image converter tube, 265 mm 
f4 .2  lens, and 16 power military spec., color corrected eyepiece make 
this ;in ideal unit for viewing of clandestine activities o r  animals. The 
scope is capable of detection at  more than 300 feet, recognition a1 
300 feet and positive facial identification at  150 feet. I t  runs on 
12 VDC which makes it ideal for mobile use. It comes with a remove- 
able hand grip which allows for  tripod mounting. 2 power cords for 
cigarette lighter o r  battery terminals, instructions and a 9 0 day 
warr:lnty. Listed below are accessories which make this a very 
versatile instrument. The scope ;uid accessories are new and guaran- 
teed functional. Net wt. 5-1 14 Lbs. 
IR Scope part no. ELD Shpg. Wt. 7 Lbs. 8735.00 ea. 

ACCESSORIES: 
12 VDC GELL BATTERY for at~ovc. Shpg. Wt. 6 Lbs. 535.00 MALE "T" f1.6 CAMERA DAPTER for SLR camera 
BIOCULAR EYEPIECE which can be used ~n place of thestandard Shpp W t  1 Lb. $1 29.00 
eyegiece. This allows the scene being produced by the I R  vievver MALE "C" to FEMALE "T" ADAPTER for CCTV, requires use 
to be seen by the operator up to 4 ft away. 2 Lbs. $89.95 of abwe male "T" f1.6 adapter. Shpp Wt. 1 Lb. $29.95 

Free 72 page catalogue available or send $1.00 for 1st Phone 16171 595-2275 to place your order by phone. 
class service to P. 0 .  Box 62 E. Lynn. Ma. 01904. MC. VISA, or American Express charge cards accepted. MS- 



BEAM ANTENNA HANDBOOK 
by Bill Orr. W6SAI and Stu Cowan, W2LX 

The Beam Antenna Harldbook l~ rs l  ~ l u b l ~ t h ~ d  In 1955. 
has been completely rt-vlsed and updatrrl wllh the latesl 
lnlormatlon on Beam Antenna des~gn Computer destgned 
Yag~s glve maxlmum gall1 In mlnlmum space New tnlo 

on Yagl HF and VHF beams and d~mens~ons on beams lor 10 I 8  and 24 
MHz WARC bands Everything you need lo know about beam deslgn con- 
structlon and operation 204 ~llustrat~ons 268 pages 1st ed~hon 1985 
I IRP-BA Softbound $9.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by B ~ l l  Orr. W6SAI 
Learn how to bulld s~mple econorn!cal wire antennas Apartment dwellers lake 
notel Fool your landlord and your ne~ghbors w ~ l h  some 01 Ihe tnvlsible ' anten- 
nas lound here Well dtaqrammed 192 pages 1972 2nd edtt~on 
I I R P - W A  Softbound 57.95 ........ 

THE RADIO AMATEUR ANTENNA HANDBOOK 
by William I. Orr. WESAI and Stuart Cowan. W Z U  

Conlatns lots ol well ~llustrated construct~on prolecls lor vertical, long wire, and 
HFNHF hmm ~ n l ~ n n ~ ~  There 19 an hnnpst ltldompnt ot antenna oaln haures. .............................. 
informal~on on the besl and worst antenna lbcaions and helghts.> lonilookat 
the quad vs, the yagl antenna. lnformatlon on baluns and how lo use them. and 
new lnlormat~on on the popular Sloper and Delta Loop antetinas The text IS bas- 
ed on proven data plus pract~cal. on-lhe-a~r experience 190 pages - 1978. 1st 
edltton 
I IRP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by B ~ l l  Orr, W6SAl- New 3rd Ednion 
Includes NEW data for WARC bands 
The cuhlcdl quad antrnna IS constdered by lriariy to be the best DX antenna 
becau,,e 0111s timple lhqhtwelghl devqn and htqh perlorrnance You II find quad 
dectgns tor everyth~ng lrom the stnqle element lo Ihe mull1 element monster 
quad There s a wealth of data on constructton leedlng tunlng and mounting 
quad anlennas I t 2  paqes 1982 3rd pdltlon 

IRP-CO Sonbound $6.95 

Please ado St 50 lor one book. 12 50 lor fwo or more books locover shlpp~ng and handling 

Ham Radio's Bookstore Greenville, NH 03048 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

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. 

Other A M S A T  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 vear, $26 out- 
side North America. VISA and .MC accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
/ im 



New rigs and old favorites, 
362 I ANNIN ST 
HOUSTON TX 77004-3913 

CALL FOR ORDERS 
1-713 520-7300 OR 
1 717 520 0550 

ALL ITEMS ARE GUARANTEED OR SALES 
PRICE REFUNDED 

EQUIPMENT 

KENWOOD Call tor prtces on all Kenwood 
YAESU FRG9600 60-905MHZ RCVR 499 00 
New Kantron~cs UTU-XT 19 00 
Icom IC135 749 00 
Four lot pnce IC-735 2800 00 
Ten TCC 2510 Satellite 439 00 
Alpha Llst - 15O0 
lcom 271A 27a Call 

SERVICES 

Al~qnrnent any late model rlg 50 00 
Flat f(3e Coll~ns rebu~ld Call 

ACCESSORIES 

Hell HC31HC4 HC5 Stock 
He11 BMlO Boom Mtke headset 53 95 
Hell HCS Conlrol Box Interface 89 95 
CES 510 Smart Palch 349 00 
FLUKE 77 auto-rang~ng dtq~tal 
mull~meter 11500 
Shurc 444D MIC 54 95 
B~rd  13 Wattmeter Call 
Btrd Elemenls H 59 00 A El48 00 
Spec tal In Stock 
Ameco Pre Amos 10% Off 
Datwa CN62OB 20-200 2000W 109 95 
Collins 500Hz F~lter F455J05 new 95 00 
Sanyo AA N~cads tabs 2 50 
2 4 5 6 8 p ~ n  mlc plugs 4 00 
Fox Tanqo - 10% 
Tenria H~ lch  
By D C Sales F ~ l s  Class 1 2 H~lches Adapts 
exlstlnq h~tch on your car lruck to any HF 
anlcnna 3 8 x 24 thread No holes complete 
unll 29 95 

KEYS 

Bencher & V~broplex Less 10% 
MFJ Super keyboard #496 199 95 

TUBES 

GE6146B 11 95 
Elmac 3 5002 10995 
Gt lndustrtal Tubes Call 
GE 12BY7A 6 00 
GE hJS6C 11 95 

BOOKS 

plus the best essential accessories for the amateur. 
PACKET?PICKIT! ROHN 

AEA PK64 199 00 1 4 ' E H S Guy cablt. Rottn US 
KANTRONICS PACK[ T 199 00 1OOOft 250 00 
CPIOO vs CPl Worth the dllference7 3 1 6  E H S cable 21000 
YPsIII Call 114'Guy Cable 6100#7 r 7 strand 

Import 15c1ft 
3 / 1 6  Guy Cable 3700#7 x 7 strand 
tmporl 12&lH 
318 x 6 E8J Turnbuckle 7 95 
3 /16  W~re Rope Cllps 40 
1 4" wlre clrps 50 
Porcelatn 500D Guy Insulator (3'16) 1 69 
Porcelatn 502 Guy lnsulalors (1 14) 2 99 

USED EQUIPMENT 

All equtpmenl used clean w~th 90 day war- 
rantv and 30 dav tr~al SIX months full trade 

ANTENNAS 

AR2XB VLS 2MCV '1 ISOPOLE 44 95 
A4 289 95 
402CD 279 95 
New Cushcrafl LAC- 3 L~ghtn~ng Arreslor 7 95 
215WB New 15EL 2MBeam 79 95 
AOP-1 Complete Oscar Antenna 149 95 
Bulternut HF6V RO 10 VertlLdl 125 00 
HF2V 80&40 Vert~cal 125 00 
HF3B Bulterfly Antenna 169 95 
H~rsller G7-144 119 95 

aga;nst new equipment Sales prtce refunded 
11 not sa l~sf~ed 

POLICIES 

Mtn~mum order $10 00 Maslercharge VISA 
or C 0 D All prlces FOB Houston. except as 
noted Prtces sublect to change w~thout 
not~ce Items subject to prlor sale Call any- 
time to check the status of your order lexas 
resrdenls add sales tax D als all folks 

SPECIAL TELEPHONE OFFER -. . 

Barker & W~lltamson All Band 
D~poles Less Call our numbers and when you place your 

Ham4 Rotalor T2X CD45-2 Call order we ll deducl a dollar off 11 And don I be 

KLM HF World Class Ser~es 
shy Ask tough questions Our guys are more 

Call Don than order t a k e r s t h e y  know the rad~os and 
Antennas Ihe equlpmenl 
OTHER ANTENNAS DON'S CORNER 
Larsen Kulduck 1700 
Valor 75-10M comp1c.t~ mob11 antenna 
AB 5 79 95 
Avanl~ ASP151 3G I t~ru qlass 2M 33 00 
Anteco 2M 5'8 Mao Mount Comp 25 00 

SURPLUS 

2 5A 1000PIV 
Epoxy d~ode 29e Each or 19 00 100 
0015 lOKV 1 95 

3N201 95 
4 Inch ferrlle rod 1 95 

BELDEN 

991 3 low loss soltd i enter fotl!bra~d 
stileid 45e 11 
8214 RGBFoam 43c/ft 
8237 RG8 40c 11 
8267 RG213 . 52a 'ft 
8000 14Ga stratidecl copper ant wtre 13& f t  
8448 8 conductor rotor cable 31a1ft 
9405 Heavy duty 2 16 Ga 6 18 Ga 52&,11 
9258 RG8x 19eilt 

We've notlced a recenl trend that has some 
other dealers charglng you a restock~ng fee 
and not offer~ng a store warranty At Madtson. 
we strongly protesl A good rad~o deserves 
both a laclory warranty and a store warranty 
What good 1s a warranty 11 the store you 
bough1 11 from won't honor ~t and. instead. 
always sh~ps your unll back to Ihe factory? 
Madlson has always, always. backed every- 
thing we sell We don I charge a restock~ng 
tee We lake care of the warranty Our per- 
sonal guarantee pol~cy has been In effect for 
over 40 yearsshouldn ' l  th~s be the year you 
d~scover how much 11 means lo you when you 
buy a new piece of gear? 

Madtson Ad Proofread~ng contest. 1st post- 
card ~ ~ t h  correct number of errors noted wrns 
a Calrad SWR meter No purchase necessary 
to enter. 

738Good DX 
DON 

Hayden Computer Programs lor Amateur 8403 MIC Cable 3 c~~ i~c tc t r  & sh t~ ld  80C1ft 
Rad~o 16 95 100Feet 8214 wends ~nslalled 45 00 
We also stock SAMS TAB ARRL RSGB 8669 7 16' l~nned ccpper brald 1 t o f t  
Rarl o Pubs Call ln~ernat~onal W~re R(;?t4 non rnll 

CALRAD 65-287 SWR Relat~ve P n w ~ r  good cable 70 f t  

Meter 
3 150Mh7 KW t 

32 95 AMPHENOL 

831 SP PL259 Srlver~~'ale 1 25 
UG176 reducer RG8X 30 

r /  209 831 J Double Femal12 UHF 2 00 
82 61 N Male 3 00 
82 97 N Female Bulkhead 3 00 
New 82 202- 1006 N Male f~ts 991 3 5 00 



I 
D.C. CONVERTER 7 CONW-. -. - a m r s ~ . ~ o  I I ' 

Pomona X2tOl 
LED nOUNRS 
Two p u a  holder @ 
for urnbo LED 
1 0 J o r @ ~  1001or$5.OQ : 

Heavy-duty black 
Cherry e k t .  XE-21 N.O. w N.C. 

ady + 5  phenoi~c pmlect box with cover and ,":,"'p ma manary 
O.IA contacts suitam for alarms "IiAR 

xrsws. 2%" X t'/," X l'h* 
and other low snergy cmulls. LED HOLDER 

SUPO v o I 3  5 106 25 volls !!!?+FD-a!."cy r3Ym 
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a portable 2-meter beam 
Briefcase antenna 

packs small, 
travels light 

One recent Saturday morning, the topic at our ham 
club breakfast turned to the difficulty of keeping an- 
tennas up through Oklahoma's typical springtime 
season of frequent thunderstorms and occasional tor- 
nadoes. What we all wanted and needed, we decided, 
was a compact, truly portable 2-meter antenna that 
could provide reliable performance in virtually any 
setting. 

In response to this challenge I developed an antenna 
that weighs less than a pound and stores in a space 
measuring less than 12 by 1-112 inches (30.5 x 
3.81 cm). I chose a four-element Yagi beam because 
it is directional, can have vertical or horizontal polari- 
zation, and deliver respectable gain. Assemby and dis- 
assembly can be very quick. Once assembled, it can 
be hung from a tree in a campsite, suspended by 
fishing line and hooks in drapery and ceiling tiles, 
or hung in the living room, even during severe 
thunderstorms. 

construction 
The boom is constructed of a 45-inch (1 14 cm) piece 

of 318-inch (0.95-cm) OD thin wall aluminum tubing 
cut into four equal sections of 11-1/4 inch (28.6 cm) 
each. To join the boom sections together for assembly, 
make three pieces of solid aluminum 2 inches (5.1 cm) 
long and slide each inside the sections of boom tub- 
ing (see fig. 1) to restore the boom to its full 45 inch 
(1 14 cm) length. Where the boom sections join, meas- 
ure 1 12 inch away from each side of the cut and drill 
a clearance hole vertically through the tubing and solid 
pieces to accommodate a 4-40 screw. A 4-40 x 

314-inch (1.9 cm) screw is used to tie each section 
together. A standard 4-40 hex nut and washer are used 
on part of the assembly and washer and wing nuts to 
allow for quick assembly and disassembly on the other 
part (see fig. 2). When taken apart, the boom stores 
the reflector and director; the 4-40 screws and wing 
nuts hold the elements inside when stored. 

Next turn the boom 90 degrees from the top1 
bottom plane to make the holes for the elements. 
Measure 314 inch (1.9 cm) from one end; this will be 
the location of the first element. Measure from this 
point 14-1 12 inches (36.83 cm) to the next point. Con- 
tinue till all four element locations are marked. Then 
drill clearance holes for 4-40 screws perpendicular to 
the vertical holes for bolting the boom together. Next 
cut the heads off four 4-40 x 1-114 inch (3.18 cm) 
long screws. Insert them into the holes and secure with 
hex nuts and washers. The elements will be attached 
with these mounting screws. 

The gamma match is made from a 6 inch (15.24 cm) 
piece of 114-inch (0.635 cm) tubing, a 6 inch (15.24 
cm) piece of No. 14 insulated wire, a BNC connector 
and several brackets. First cut a piece of aluminum 
stock 1/2 x 1-1/2 inches (1.27 x 3.81 cm). Drill a 
clearance hole for the BNC connector. (Use a UG- 
1094lU connector.) Bend the stock into an L shape 
112 x 1 inch (1.27 x 2.54 cm). Mount the connec- 
tor in the bracket as shown in fig. 1. The shorting strap 
for holding the 6 inch (15.24 cm) piece of tubing to 
the driven element and tubing were made from 
aluminum stock. (On the first model, copper proved 
very satisfactory.) Solder one end of the No. 14 wire 
to the BNC connector and slide the tubing for the 
gamma match over it. Measure the stock for the 
shorting bar and bend and mount it to the driven ele- 
ment and 6 inch (15.24 cm) piece of tubing covering 
the gamma match wire; because the tubing will need 
to be moved during tuning, leave it slightly loose. 

B y  J o h n  Eighmy, KB5QJ, 51 1 East 14th Street, 
Bartlesville, Oklahoma 74003 
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ALL MODE MOBILE TELEPHONE INTERFACE 
FM - AM - SSB +- 50 Hz. 

Automatic Vox Phone Patch System 

OPTIONAL: 

DTMF TELEPHONE 
TYPE SPEAKER1 
MICROPHONE 

.. 

HOTLINE-007 is a fully automatic simplex telephone interconnect. Operates through any base transceiver with FM-AM- 
Squelched SideBand mode. No  modifications to the transceiver. just connect to the external speaker. microphone and phone line. 
VOX operation both transmit and receive. Selectable tone or rotary dialing. Repeater pickup operational also. 

* Programmable access code 3 or 5 digits. Programmable CW ID * 3 or 12 minute timer 
* Adjustable VOX both tranceiver and * Adjustable microphone * Dial restrict switch 

phone line, digital processing delay (BBD) and line gain, no lost words. * Ringback (reverse patch) 
* Will not transmit when frequency * Microphone jack for continued * Accepts speed dialing 

is busy, 7 second clear time base operation, no need to change. * Operates on 1 15/220 VAC. 12 VDC 

NO EXTRAS TO PURCHASE FOR OPERATION. TRANSCEIVER AND PHONE LINE CONNECT TIME 30 MINUTES. 

SETS THE STANDARD FOR OTHERS TO FOLLOW1 
EXCLUSIVE IMPORT DISTRIBUTOR - Qualot? tr your assurance. 

NOTE: Prices and specifications subject to change 
1275 N. Gmve Street (714) 630-4541 without notice or ohligation 
Anaheim. California 92806 

1/ 173 

JUST SLIGHTLY AHEAD! WlTH THE QUALITY YOU HAVE ALWAYS LOOKED FOR! 
4 MEMORYS - 3 WAY AUTO SCAN. 40.15 AND 6 METERS ARE YOUR BASE A GREAT ORP RIG WITH THE BIG RIG 

DUAL VFO. IF SHIFT. CW-W, 400 HZ. STATION OR MOBILE WITH ACIDC SIGNAL, 2 WATTSOR 10 WATTS OUT. 

C W - N  200 Hz. ALL 9 BANDS PLUS BUILT IN POWER SUPPLY CW-N 200 BUILT IN CW SIDE TONE. DIGITAL 

MARS BUILT IN ACIDC POWER. SSB Hz OR USE. 2 SO239 ANTENNA CON- DISPLAY. HAND MIC TOP MOUNTED 

CW OR RTTY I F .  TUNE 3-STEP NECTORS. HAND MIC. BUILT IN TVI SPEAKER MOBILE BRACKET. RIT OR 
TUNING SPEED. 200 WATT PEP. FILTER LITTLE TO NO TV INTER- FINE TUNE TXBRX t4KHz. 21 TO 
MICROPHONE IMPEDANCE 600-50K FERENCE. 20 WATTS PEP. MARS ON 21 450 MHz SIGNAL TO NOISE MORE 
OHM HAND MIC, INCLUDED. 40 AND 6 METERS THAN lOdB DOWN 

SPECIAL SPECIAL SPECIAL 
90 DAY WARRANTY O N  ALL TRANSCEIVERS - DIRECT FROM NCG OR YOUR DEALER 

WE HAVE 1 2 GHz BASEIREPEATER 8 MOBILE ANTENNAS 
NOTE: PRICES AND SMCIFICATIONS SUBJECT TO 

$275 N. Grove Street. Anaheim. CA 92808 (714) 630-4541 r* 174 CHANGE WITHOUT NOTICE OR OBLIGATION 
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A telescoping antennas - 1/4 inch 
B lekscoping antennas - 5/16 lnch 
C aluminum tubing - 318 lnch OD 
D lube, aluminum or stainless steel - 114 lnch OD 
E BNC connector - BNC UG-1094/U 

fig. 1A. Fully assembled Celement 2-meter beam. 

T Y P I C A L  

C L L M C N T  M O U N T I N G  

4- 4 0  HEX NUTS 

I 

BOOM 

END V I E W  

1 BNC connector on L mountlng bracket 
2 stub wire - No. 14 stranded wire 
3 tuning stub - 1/4 inch tubing, 6 inches long 
4 shorting strap 
5 driven element 

fig. 10. Element mounting and gamma match details. 

The bracket supporting the BNC connector should clearance hole through the boom and the bracket. A 
then be placed under the boom slightly behind the 4-40 x 314 inch (1.9 cm) screw and washer with wing 
mounting screw for the driven elements. Drill a 4-40 nut is used to allow disassembly to a small size. 
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6 4 4-40 x 1-1/4 inch screws 
(heads removed) 

7 4 boom elements, 318 inch OD aluminum 11-1/4 
inches each 

8 3 2-inch aluminum round rod to clear boom ID (joins 
boom sections together) 

9 6 inches 14-gauge stranded wire (insulated) 
10 shorting strap 3/4 inch wide, brass or aluminum 
11 X denotes clearance holes for 4-40 screws 

12 6 lelescoping antennas IN-inch diameter 
13 4-40 hex nuts - 11 each 
14 telescoping antennas, 2 pieces 5/16-inch diameter 
15 7 4-40 x 3/4 inch long screws 

A - uses 4-40 wing nuts 
B - uses 4-40 star washer and hex nuts 

16 6 inches l/4-inch tubing, stainless or aluminum 
17 BNC connector UG-1094/U 
18 aluminum L bracket, 1/2 x 1 inch 

fig. 1C. Assembly details illustrates simplicity in construction and use. 

Parts list. 

telescoping antennas: 
reflector-director 6 Mouser Electronics 
(0.24" diarn.) No. 43AR106, $1.19 

driven 2 Mouser Electronics 
(0.28" diarn.) No. 43AR105, $1.94 

1 
out and the 6-inch (15.24 cm) tubing over the No. 14 
wire and adjusting the length of the driven elements. 
Once the SWR is determined for the frequency you 
plan to use, secure the gamma in place and measure 
the length of the driven elements. To simplify setting 
the length of the driven elements each time, paint a 
scale on the bottom of the boom to allow accurate 
positioning each time. 

Storage is simple. Unscrew the elements from the 
Available from Mouser Electronics, 11433 Woodside Avenue, boom. Take the gamma match and BNC bracket off. 
Santee, California 92071 ($5  service charge applied to orders 
under $20.) Unscrew the three wing nuts on the boom and remove 

the screws. Collapse the elements and slide them into 
the boom. Reinsert the screws, add the wing nuts, 
and a compact four-element beam is yours. Gain is 

Normally the whole gamma match is taken apart along about 4 dB. From here to Tulsa and other surrounding 

with the one driven element to which it is attached cities, it's possible to bring up repeaters on 1 to 2 watts 
for ease in reassembly. of power. 

Construction of the antenna is now complete. Additional elements can be added by extending the 

Assembly for testing and use will require eight tele- boom to allow each element to be 14-112 inches 
scoping whip antennas (see parts list). Re-tap the (36.83 cm) from the last. Use your imagination as to 
holes for the 4-40 screws in the ends to allow mounting ways to mount it for your own use. 
on the boom. Note: this idea was submitted to my employer, 

Phillips Petroleum Company, under a patent agree- 
tuning ment. After lengthy review, it was released to me for 

To tune the antenna, assemble the boom, the ele- the purpose of making it available for use by fellow 

ments, and the gamma match. Pull the director and Amateurs. Commercial use of this design is not per- 

reflector out to maximum length. Set the driven mitted under the terms of the release letter signed by 

elements 19 inches (48.26 cm) apart. Then tune with Phillips and dated June 2, 1982. 
the gamma match by sliding the shorting stub in and ham radio 
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KPA5 1 W A l T 7 0 C M A T V T R A N S M l l T E R  B O A R D  
APPLICATIONS: Cordtesa ~~vf lat , le TV c d r ~ ~ t ? l a  1 ~ 1  racrs  8 otht,r pt)1,1#< \..,ulce 
rvt.nls. remot*, VCR, elc Remole control of R'C a8rplaner or robols Show home 
video lapes. computer proqrams, repeal SSTV to local A N e r s  DX depends on 
antennas and lcrraln 1yp 1 lo 40 mdes 

FULL COLOR VIDEO 1 SOUND on one small 3 25x4" board. 

RUNS ON EXTERNAL 13.8 VDC at 300 ma supply or bsllery 

TUNED WITH ONE CRYSTAL on 42625,434 0. or 439.25 mHz 

2 AUDIO INPUTS lor a low Z dynamic and line level audio inpul found !n most 
porlahle Color cameras. VCRs, or home computers 

APPLICATION NOTES 8 schemallc supplled lor lyplcal external ~ o n n e v l i o n ~  
packaging, and system operatton 

PRICE ONLY 1159 deltvered via UPS surlnce on Ihe USA Techntclan class 
amateur I~cense or nlgher requlred lor purchase and operallon You owe it to yourself to be informed. This comprehensive new 

book explores the receiver world through real-life tests conducted 
by internationally renowned radio engineer, Rainer Lichte. Read 
scores of no-axe-to-grind reviews about such famous brands as 
Panasonic. Sony, Yaesu. Kenwood. Drake, Eska. Hitachi. Grun- 
dig. Phillips, JVC, Zenith, Dymek, ITT, Bearcat - both old and 
new models, including ICOM R71A, Sony 2010, and Yaesu 8800. 
Explains the mysteries of technical specs, too. A must book. 

WHAT IS REOUIRED FOR A COMPLETE OPERATING SYSTEM? A N sel wllh a 
TVC-2 or TVC-4 420.450 mHz la  channel 3 downconverler. 70cm anlenna.ancl coax 
csllle lo  receive Package up !he KPAb add 12 to 14 vdc, antenna, and any TV 
camera. VCR. or computer wath a compasole vldea output Simple, eh7 

CALL OR WRITE FOR OUR COMPLETE CATALOG B more lnlo on alv 
downconverters. anlennas, cameras, e tc ,  or who 8s on ~n vour area 

I TFltMS Vnsa Maslorcard or cash only UPS COD ~y letepnonr or ma81 Tele~,honu 
orfl$:rs8 m r l a l  M0us.a ty sn ppoau thon7days at olnercnerks must, Ira, I clore 
sn nmt-nt 1r;ansm II nu eau omen1 ro.tt on v 10, cenzrn ama'ec.ns v r c  1.1.0 ~n 1vH4 I 
Callbook CalM Includ: sales lax 

(818) 447-4565 m-I Bamdpm pst. @ el 
P.C. ELECTRONICS 2522 Paxson Lane 
Tom W6ORG Maryann WB6YSS Arcadia CA 91006 
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GILFER SHORTWAVE 

52 tMRK AVE. . PARK RIDGE, NJ 07656 . Ph 201/391-7887 
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"brings trre top to yuu 
IHN brir .. . 
~ O U  wlrn 11s parentea a ,,.,... 
r the ultimate "on the ground" 
vice and antenna installation, 
IQHN "Fold-Over" Tower is yc 
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Skills Easy and  Fun  
4 Away W 
4 d Opera 

talism 
Operate Any1 
quires Only a 
G64 (or GI28 

4 

Does .  
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t h e  Rc 

Tith Dri 
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TV Set 

NOW Sinad CAN 
BE MEASURED WITH 

YOUR VOM 
Quickly tune Recervers. Cavities. 
Preamps, etc. 
Works with your VOM or AC 
VTVM that has 2.5V fuN scale sen- 
sitivity or better. 
Fast accurate measurements. 
Sinad measurement displayed on 
meter in "dB" scale. 
Self contained, pocket size, go 
anywhere instrumenf. 
Powered by standard 9V battery 
or optional AC adaptor. 

SINADAPTOR SA1-01 

579.95 t'ltlas. ,3011 s 1 so ma 
',I,I,I"",, R I',,"'Il111" 

NY ~ F S  .ldd 7% sales tar 

J.S. Technology, Inc. 
39 Main Street 

ScoltsviNe, NY 14546 
(71 6) 889-3048 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
author~zed warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Serv~cmg "Hams" for 30 years, no rrg 

too old or new for us. 

iWfi,bW. 
4033 Brownsville Road cs Trevose, Pa. 19047 

21 5-357-1 400 
m 

ves t h e  
to Say i 
cts  - 

"Myste 
n On-th 

ry" o f  
e-Air w h a t  I 

Conta~ - .- 
Bxcellent Yractice for R-- 
ginners and Old "Prc 
Standard Format and 

.. -%. 

)'s" 
I Com- . . mon Abbreviations 'C 

for  A11 Excha 
Send ~ o ; - s e  w 
board 
Select wia te  QRM 
and Q ~ N  w v e l s  
Select t h e  Port ion of "- 

I sea 

ir key- 
nges 
rith you 

'Rand' 
End 
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TELEX: 152571 AEA INTL 
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ICOM 
SPECIAL 

IC-745 
$789.00 

Ir Authorized Dealers For 

Also displaying the populur uc,c.essories needed to complete a HAM STATION 

KENWOOD 
SPECIAL 

NEW 
1 b-Y4U3 

with automatic 
tuner 

$1765.00 

ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 
ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 

1 BELDEN BENCHER B & W DAIWA HAM-KEY 
HUSTLER KLM LARSEN MIRAGE ROHN 
TELEX/HY-GAIN VIBROPLEX WELZ ETC. 

I OPEN SIX DAYS A WEEK / 140 

Effective 1 January 1986 Ham Radio's 
subscription rates are going up. The new US rates 

are: one year $22.95, two years $38.95, and three years I 
I $49.95. (Foreign rates on request) I 

You can beat the rate increase two ways. One is to extend your subscription by 
the offer currently in the mail. The other is by taking advantage of the Holiday 
Gift subscription promotion found on page 53. 

Either way you save and you ensure a continuing flow of Ham Radio Magazines 
every month. 

I Act now. Don't delay. Beat the coming rate increase! I 
ham 
r i i d i ~ ~ ~ ~ ~ ~ ~ -  .,,,N,,,,,, N, 03048 

I I 
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- - .+ ., -*-71 
R.F. Power Monitoring . , 

.-.. ." >. .- e .+ ..+ -+ ."a 4 
I . a  .r .+ --*.'o , 

=- .% .t .,t .*, .::,,'-.; . '  1 
1 
1 

. -- -. 

IM .Su~~ression Panels Receiver Multic 

The Problem Solvers 

Duplexers & Ptaaa~a~tor~ Bandpass, Pass-Reject 
and Notch Cavity Filters 

Transmitter Combining 
I 150 - 900 MHz 

*COMPLETE SYSTEM ENGINEERING ASSISTANCE* 

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

(415) 968-4400 T W  910-379-5055 

More Details? CHECK-OFF Page 140 r, 110 October 1985 121 





TERRE STRIAL 

NO, NOT BUG-EYED MONSTERS. NOT CUDDLY 
LITTLE EXTRA TERRESTRIAL CASTAWAYS, EITHER. 
WE MEAN EXTRA TERRESTRIAL RELAY TOWERS. 
LOTS OF EXTRA ONES. GOVERNMENT SOURCES 
PREDICT A 60-80% INCREASE IN LAND BASED 
USAGE OF THE 3.7 TO 4.2 GHz OVER THE NEXT 
TWO YEARS. JUST ONE NEW RELAY TOWER IN 
YOUR AREA CAN MEAN HUNDREDS OF 
CUSTOMERS WHOSE SYSTEMS ARE AFFECTED. 
WHO DO THEY TURN TO FOR HELP? YOU, THAT'S 
WHO. YOU CAN BE READY TO MEET (AND PROFIT 
FROM) THE CHALLENGE BY ARMING YOURSELF 
NOW WITH INFORMATION ON THE LATEST IN TEST 
EQUIPMENT AND FILTERING PRODUCTS FROM THE 
LEADERS IN THE BATTLE AGAINST T.I. 

7 FOR INFORMATION, CONTACT YOUR DISTRIBUTOR OR: 7 
/ - 16840 JOLEEN WAY, BLDG. E. 

pH ANT 0 M MORGAN HILL, CA 9~x137 

0 (408) 779-1616 - 
"THE BREAKTHROUGH SPECIALISTS" 

More Details? CHECK-OFF Page 140 r /  144 October 1985 123 



P. 0. Box 280298 Dallas, Texas 75228 fBe Ge MICRO ( 2 1 4 ) 2 7 1 - 5 5 4 6 ~ ~ ~ 3  

.... .......... . 
. . . . . .  

I 
~ ~~ - 

LSOl .15 LS164 .56 2758 1KX8 +5V 450 n.s 2.00 8035 I Dln l d l l  - 
3.00 0006-2 24.95 I 1 8039 LS02 .15 LS165 .80 2716 2KX8 
3.1 

LS03 .15 LS166 .75 . . . . . . . . . .  LS04 .16 LS169 450 n.s. 

. . . . . . .  LS05 .15 LS174 .35 2716-1 2KX8 350 n.8. 3.5C 
. . . . . . . . .  LS08 .15 LS175 .35 2732 4KX8 450 n.s. 2.50 

LS09 .15 LS181 1.25 2732A . . . . . . . . . . . . . . . . . . . . . .  

- .... . ., ..00 
W )  8087-3 100.00 8 Pln 1311 .QO 

. . . . . . . .  2.50 -- 
14 Pln 10H.OO 
16 Pln 811.00 

02A 8.00 8254 7.50 18 Pln 811.00 

1203-1 29.95 8255-5 3.25 20 Pln 7/1.00 
.80 2732A-35 3.00 gi: . . . . . . . . . . . . . . . . . . .  

I 
1.50 8257 6.00 22 Pln 7/1.00 
2.00 8259A 3.50 24 Pln 6/1.00 

.70 2532 4KX8 450 n.s. 2.75 8216 . . . . . . . . .  1.75 8259C-5 5.00 28 Pin 6/1.00 

.75 2764-25 . . . . . . . . . . . . . . . . . . . .  2.10 8228 3.25 8275 14.95 40 Pin 5/1.00 
2764-45 . . . . . . . . . . . . . . . . . . . .  1.90 8237-5 5.00 8279-5 5.75 

.52 97190-sc . . . . . . .  2.65 82508 6.95 8284 3.00 
3.00 8287 5.75 BUY $10 

GET $1.00 - FREE CHOICE 

.go We bought a large quantlty of 2708s ZBOCTC .49 
COMPUTER 

. . . . . . . . . . . . . . . . . . . .  MANUFACTURERS 
.80 from a computer manufacturer who Z80DMA-DMA . . . . . . . . . . . . . .  7.00 

Z8OPlO . . . . . . . . . . . . . . . . . . .  1.00 EXCESS INVENTORY ::: redesigned thelr boards. We Z8OS10/0 . . . . . . . . . . . . . . . . .  3.50 SALE! 
-,-- * m a . . -  -PU . . . . . . . . . . .  1.99 PRIME! 2114-300 n.s. 

1.50 INCREDIBLE PRICE! . . . . . . . . . . . . . .  

I 
-- - . - - - - ~  

LS122 .35 LS298 ,6,j 21LO2-1 350 

LS123 .42 L ~ 2 9 9  1,50 2102AL-4 L.1 

LS124 1.50 ~ ~ 3 2 3  2.25 2111-1 256x4 500 n.s. 

LS125 .30 ~ ~ 3 4 8  ,75 2114L-3 1KX4 300 n.s. 

LS126 .40 LS364 ,go 2125A-2 1KX1 70 n.s. 
LS132 .40 ~ ~ 3 6 6  ,40 2142-3 1KX4 300 n . ~ .  

. . . . . . . . . . .  LS133 .25 LS367 .40 2147 4KX1 3.95 B.G. SPECIAL 
. . . . . . . . .  LS138 .35 LS368 .30 TMS4044 4KX1 1 .OO Ail 3 for only $16 

. . . . . . . .  LS139 .33 LS373 .70 6116P-4-2KX8 2.00 4.UUU . . . .*.,.-. 
.40 I::::: 3 3  

i ' l l  - 1  4 L I TR16028 (COM 2017) . . . . . .  1.75 
MRllfi , , , , , , , 

1,6402-(1863)+5v High speed 

LS157 .33 
LS158 .40 
LS160 .50 
LS161 .40 25LS2569 . . . . . . . . . . . . . . . . .  
LS162 .60 

75110 .50 6800 2.50 6840 6'00 

75451 .25 6802 3.50 6845P 4.00 . . . . . . . . . . . . . . . . . . . . .  6803 3.00 6845s 7.50 
75452 . . . . . . . . . . . . . . . . . . . . .  .35 6 8 0 9 ~ ~  3.99 6850 2.60 

6809P 3.50 6852 3.50 
6810 2.00 68A09EP 3.99 
ae*? 33.5 6 8 ~ 2 1  3.00 150  68845 10.00 

4. IY4JU4 . . . . . . . . . .  
4.433618 . . . . . . . . . .  
4444.000 . . . . . . . . . .  
4.9152 . . . . . . . . . . . .  
4.916 Ed. Rate . . . . .  
5.000000 . . . . . . . . . .  
5.0688 . . . . . . . . . . . .  
5.616 . . . . . . . . . . . . .  
6.000 . . . . . . . . . . . . .  
6.176 . . . . . . . . . . . . .  
7.164112.. . . . . . . . . .  
7.3728 . . . . . . . . . . . .  
8.000 . . . . . . . . . . . . .  
9.000 . . . . . . . . . . . . . .  
9.90000 . . . . . . . . . . .  
10.69425 . . . . . . . . . .  
10.8864 . . . . . . . . . . .  
10.920 . . . . . . . . . . . .  

7402 .22 7474 .30 74163 .50 2108-4 8KX1 
. . . . . . . .  7405 .22 7483 .45 74164 .70 2118-4 16KX1-5Volt 

7406 .23 7485 .55 74165 .70 4027-4KX1-250 n.S. 
. . . . . . . .  7407 ,23 7486 ,30 74166 .go 4116-16~x1-250 n.s. .60 r 

- - 

7408 .24 7490 .35 74173 .75 4116-16KX1-200 . 

7410 .17 7493 .30 74174 .70 4116 16KX1-150 n's. . 

7413 .33 7496 .30 74175 .80 
4164- +5v 64" --- - 

4164 150 n.s. . . . . . .  
7420 .22 74107 .20 74181 1.50 TMS4416-16KX4-150 
7425 .25 74109 .45 74185 1.70 ~ ~ 4 5 1 6 - 1 5  ~ c ~ v i . ~ u ~  

7427 .25 74121 .27 74192 .70 5 2 8 0 ~ - 5  (21 .. - 
7428 .25 74123 .40 74193 .80 4KX1 . . . . . . . . . . . . . . . .  . . . .  
7430. .15 74125 .40 74195 .80 
7432. .20 74132 .40 74199 1.00 LF356 . . . . . . . . . . . . . . . . . . . . . .  .60 1 18.4320 . . . . . . . . . . . . . . . . . . . .  1.49 1 
7433 .25 74148 .90 74221 .60 

. . . . . .  
7440 .19 74151 .50 74273. 1.75 AY3-8910 9401 . . . . . . . . . . . . . . . . . .  
7442 .35 74153 .35 74365 .60 Wl60 Page Manual DS8835 . . . . . . . . . . . . . .  

. . .  7451 .18 74154. 1.19 74366 .60 New Price- $7.00 MC4024P 
7453 .. .22 74157 .30 74367. .50 58167 5.00 ,.,, . . . . . . . . . . . . . . . . . . . . . .  
7454 .22 74160 .80 74390 1.40 58174 . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  

. . . . . .  . . . . . .  7472.. .20 74161.. .50 58321 Clock-Calendar 2.95 LM339 
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More Details? CHECK-OFF Page 140 

P. 0. Box 280298 Dallas, Texes 75228 

WE'VE GOT EM! 
ATARl5200 GAME BOARD 

This Is the secondgenerelnon videogame bo~rdthslreplaeedlhsA(ari2600. 
We are ollerlng the complete bosrd assembly with all components and 1.c.'~. 

' 5-114" hll lesslheplartle ouler care. Includes8 -16K RAMchlps and5 L.S.l.chipsal1 
so~keled. The Atarl part numbers lor the L S  1 chmpr are C014806-03. 

HALF SIZE DRIVES! 
C01915645. COl2294B-01. C0122950-22 andC014805-22 Thesechoplare 
the GTIA. ANTIC. CPU. POKEY and ROM. Thew are complete units lhat we 
are selllng as l?i - no warranty - primarily lor spare parts. Units may or may 

For IBM PC. TI PC, not work. W P  have no dala or schematics. 

XEROX 820 
$1 4.95 3/s40.00 
Include 52.00 each lor shipp4ng 

October 1985 a 125 

40 Track per side 
48 TPI 
Doublcsided. Canon MDD211 
double density 'TWO 01 These H a l l  S u e  Drlves will 

,Same as SA455 Fil in the Same Space as 1 Full Size Drive! 

Lalest head 8 
drive technology s69mg5 */" 29m95 . Fast access lime ADO 53.00 UPS PER DRIVE 

80 Track per side 
96 TPI 'Two of These Hall Size Drives will 

Doubtbsided. Fit in the Same Space as 1 Full Size Drlve! 
quad density 
Same as SA465 $99.95 . Lateat head 8 ADD $3.00 UPS PER DRIVE 
drive technology . Fast accesa time 

MANUAL FOR EITHER DRIVE $12.50 

COMPUTER POWER SUPPLY 
BOARDS FOR THE ATARl 

400 or ATARl 800 
Contalns rarlous power supply cwnponenls such as rollage regulators. 

~ i ~ k r  cap, etc, A I ~ O  ~ n c ~ u e e s  a n ~ g h  qualily R F  video momlator. Compare 
video modulator sione at u p  l o  $9.95. Brand New. 

'5.95each 2Is10.00 
Add 11.50 each lor shippong 

ATARl  MODEM BOARD 
Appsrcnlly manutastvrrd lor Alarl by Raycsl-Vsdlc. P.C Board r81219-903 

Rev. D. These arc complpte lactory llnlshed modem board3 wllh all parts 
ercepl the 8048 18748) C P  U. chnp. lo, w h ~ h  there IS s rocket, Includes Ihe 
,pularT I TMS99532 modemchlpwhlch~srockeledThllT I.ch~psloneilsls 
lor as much as 529.95 at some a1 our competlttorr. These arc laclory new 
boards wtlh 811 conneclorr. rwltches. relay. r l c  , bul rre  sold as Is -no 
wsrranlv or dala S u p ,  llmlted quanllly. 

VERY LIMITED 0 7 Y  

4001800 CASETTES 
REOUIRES ATARl RECORDER 

We bough1 5 ski& 01 these caocllcs. Tltler lnclude Touch Typlng. lnvllallon 
to ~ r o g r a m r n ~ ~ ~ g  I a 11. Hangman. Introduclion lo  Sound. Blacklack. Juggles 
HOYSL Juggler Rslnbow. lnlroductlon lo  Craphks. Slates and Cspll l lr. 
European Counlrlss and Cspllais. Scram and Wriling Programs Two. There 
are s very hlgh quality recording lape and may be recorded over lor  e.oellent 
reproduction. Mosl come in caaelle holders. Sorry, no cholce on Illles. Super 
good assortmenl (some dupllcaltonr when necrsssry). Most C-60. May be lar l  
chatwe l o  oblson these. 

1 2Is1 5.00 or 24/$25.00 

SERIAL ASCII KEYBOARD 

-Y_. _ I " I - - L L  I -  

$ 1 4 9 5  VT!? - T - ,  . . fr" .-q~,Cy L;CLi:~. . i .r ., 
4 

Each :' ,+ - 
for 

s4gg5 
Thls is no m l s p r l n l d  

Maxi Switch 67 Key (includes 10 function keys) 
QWERTY serial keyboard. Number KYBD2185010 
keyboard which uses a CMOS 8048 single chip 
microprocessor for super low power consumption. 
Very high quality with an exceptionally smooth feel. 
Originally designed for use in a portable computer. 
Simple serial interface - complete documentation 
included - Size: 12" x 5Ih" 

These won't last long at this price!!!! 

L 
TERMS (Unlsrr rpecnf~ed elsewhere) Add51 50 porlage.wepsy balance Olderrov-r 
Guaranlee on all llemn All llemr rublecl loprlor sale Prlcer rublect lochange wllhoul 

1 Sod8 FOI Above Board / 
s10.00 

ATARl VCS 
CARTRIDGE ADAPTOR 

Thls unl l  was dn lgned  l o  allow playlng the ornglnal Alari 2.500 cartridges on 
the newer Alsrl 5200 game ryslem. Unlt conlelnr. ln soekelr, 1-6507, 1-6532 
and 1 - OK1 MSM 3980 lC010444-22). plus olher assorted parts. These are 
laclory new unlls. bul we mu31 sell lhem as 8s. wnlhwl any warranty or 
documenlslbn, r rncewedonl  havelacllllles to lesllhem. Rememberlheresre 
complele unltr and area bergam i l  used just lor replacement pans. Very Ilmned 
stock. We reserve the rlghl l o  lbmot quanl$lnes. 

$12.95 3P29.95 . 
Add 51.50 each lor rhbpplng 

REPEAT O F  SELL OUT! 

ATARl HEX KEYBOARD 

$795 

Add 51.00 per unlt 
for postage. 

Originally designed for use with an Atari Home 
Computer. Brand new in box. Encoded uslng the 
popular National Semi 74C923. Full schematic 
included. Originally sold for many times our price. 
Many applications besides computer use. 

1 
550 00 add85C lor tnrurancs No C 0 D TerarRc3 add6 I 8 Tax 90Dny Money Back 
nollce Forelgn order - US fund3 only We cannol ship IoMemco Counlrlelalher lhan 

Canada add 53 50 rhlpplng and handlong. 



$5 each - 5 for 

December 1984 
FEATURING: Solar powered ham station, 
Packet Radio, Quasi-bilateral IF, microstrip im- 
pedance program, transistor biasing, tuneup 
hints, cumulative index. 
November 1984 
FEATURING: Annual receiver issue, preamp, 
pulsewidth noise discriminator, IMD of cascad- 
ed stages, double conversion portable SW 
receiver, modular 21-17 receiver, receiving 
signals from outer space, receiver alignment 
system. 
October 84 
FEATURING: Adjustable power supply, low 
cost UHF tower, trap antenna design, the 
"smart" frequency counter, top loaded ver- 
tical, power dividers, compact keyer, Part 6 
VHF Yagi desgin. 
September 1984 
FEATURING: History of SSB, audio AGC. 
MLA-2500 modifications, software packet radio 
approach, SEED antenna, EM1 and digital 
radio, RFI solutions. OSCAR on your HT, Part 
5 VHF Yagi design. 
August 1984 
FREATURING: 3CX800A7 linear amplifier, 
How to Buy and recycle surplus parts, ALC cir- 
cuits, Part 2 cooling semiconductors, grayline 
fundamentals, computer DX'ing, Part 4 VHF 
Yagi design. 
July 1984 
FEATURING: lntro to VHFIUHF propagation, 
Part 1 cooling semiconductors, wideband VCO 
design, ground rod resistance, Part 3 VHF Yagi 
design. 
June 1984 
FEATURING: Tower issue, proper tower 
design, installation and maintenance, im- 
pedance matching, lowpass filters, Part 2 VHF 
Yagi design. 
May 1984 
FEATURING: Annual Antenna issue, Part 1 
Yagi antenna design, capacitively loaded 
dipole, remote controlled low band vertical, 
Part 6 phased vertical arrays, easy antenna 
matching, end fed 8JK, Part 2 branch-line 
hybrids, simple wire plow. 
April 1984 
FEATURING: Resonant circuits, graphic filter 
design, high voltage switching power supply, 
portable SW receiver, HP-IL serial loop, 
mastering the CW keyboard, programmable 
PL tone generator. 
March 1984 
FEATURING: Audio to microwave amplifier, 
ICs and static electricity, computerized moon 
tracking, key to 3 element Yagi design, noise 
cancellation circuit, speech synthesis for 
repeaters, hazards of electric shock. 
February 1984 
FEATURING: VXO frequency synthesis, ellip- 
tic lowpass audio filter design, HF receiver per- 
formance, transmitter tuning aid, better sound- 
ing SSB, VHF meteor scatter communications, 
Part 2 EMIIRFI shielding. 
January 1984 
FEATURING: VHF power FETs, measuring 
noise figure, verticals over real ground, GOES 
reception, wide range ohmmeter, 2 meter V- 
antenna, Part 1 EMllRFl shielding. 

back issue SALE 
$19.95 - 10 for $39.95 - 20 for $69.95 

January 1983 
FEATURING: WARC band propagation, LF con- 
verter, Propagation, Remote site receivers and 
Repeater Operation, Simplex autopatch, Logic 
mate. 
February 1983 
FEATURING: 2304 MHz preamp, CB -10 FM, 
receiver, Cylinder and disk tuned VFO, Bobtail 
curtain antenna part 1. 

March 1983 
FEATURING: 15 meter SSB Transceiver, Bob- 
tail Curtain part II, Dual Voltage Power Supply, 
GaAs FET Performance, Modern Noise Bridge, 
Capacitively Coupled Hybrids, CW Zero Beat In- 
dicator. 
Aprll1983 
FEATURING: Inexpensive Video Monitor, 
Morse Time Synthesis, State-of-the-Art 
Touchtone R decoder, Remote Control HF oper- 
ation, Microprocessor Repeater Controller, 6 
meter amp. 
May 1983 
FEATURING: Vertical Phased Arrays part I, 
Stagger Tuned Dipoles, 20 meter Mobile Verti- 
cal, Short Verticals for Low Bands Part I, Inex- 
pensive Hardline Connectors, Log Yagi Simpli- 
fied Grounded Monopole with Elevated Feed. 
June 1983 
FEATURING: Measurement of PEP output 
Power, Short Vertical Antenna Design Part II, 
Vertical Phased Arrays Part II, Smart Squelch, 
10 GHz Ultra Stable Oscillation, Color TRS-80 
RTTY, Digital CW. 
July 1983 
FEATURING: Amateur Packet Radio Part I, Ver- 
tical Phased Arrays Part II, RTTY and Atari Mod- 
ular Two Band Receiver. 
Augurt 1963 
FEATURING: RF Synthesizers Part I, Amateur 
Packet Radio Part II, Testing Baluns, Hybrid 
Ring, Digital Audio Filter, Antenna Hinge. 
September 1983 
FEATURING: Linear Translators, Fail Safe 
Power Supply, RF Synthesizers Part 11, 10 GHz 
Weather Radar, Installing Effective Grounds, 
Locating Orbiting Satellites. 
October 1983 
FEATURING: Electrical Calibration Standards, 
RF Synthesizers Part Ill, Vertical Phased Arrays 
Part IV, 2 meter Amplifier, Vacuum Tube sub- 
stitution, 1750 meter transmitter, HF Hybrids. 
November 1983 
FEATURING: Compact SSB Receiver, Design- 
ing a Modern Receiver, Time and Frequency 
Standards, Time Domain Reflectometer, Optical 
FM Recelver, EMIIRFI Test Receivers, 
Shortwave Broadcast Recelver. 
December 1963 
FEATURING: Digital lonosondes, State-of-the- 
Art Autodialer, Time and Frequency Standards 
Part II, PCB Dangers, Vertical Phased Arrays 
Part V, Lightning and Electrical Transient Protec- 
tion. 

January 1982 
FEATURING: Wilkinson hybrids, Blanking 11 
Woodpecker: part one, 2-meter transverter, 
neglected antenna for 40 and 80 meters, pha 
tom-coil VXO. 
February 1982 
FEATURING: Response of pi-L and tandc 
quarter-wave-line matching networks, Blanki~ 
the Woodpecker: part two, Improved power su 
ply for the Drake R-4C, Systematic design 
crystal ladder filters. 
March 1982 
FEATURING: Microprocessor-based repeat 
controller, Blanking the Woodpecker: part thre 
Performance capability of active mixers, Simp 
tests for l T L  ICs, Equations for determining a 
tenna parameters, Easy matching sections. 
Aprll1982 
FEATURING: Stripline kilowatt amplifier for 2: 
MHz, 2716 Eprom programmer, Performanc 
capability of active mixers, Readout for the d 
luxe memory keyer, Inductance meter. 
May 1982 
FEATURING: A quad owner switches, Dipo 
antenna over sloping ground, Inductance-tunc 
lowpass antenna matching unit, The half-del 
loop, antenna geometry for optimum perfc 
mance. 
June 1982 
FEATURING: Recommendations for 70-c 
EME, Applying microcomputers to SSTV, TI 
radiation of radio signals, Two-tone generatc 
The hybrid coupler, The big-amplifier power-su~ 
Ply. 
July 1982 
FEATURING: Versatile communications r~ 
ceiver, Design of the digital components of Vl- 
and UHF synthesizers, Tandem pi networks. 

ORDER FORM 
Please send me the following back issues (use 
separate sheet of paper if necessary): 

2. 

3. 

4. 

5. 

l I 1 for $5.00 

l I 5 for $19.95 

[ 1 10 for $39.95 

l 1 20 for $69.95 

i l  Payment enclosed 

I I Charge 1 I VISA I 1  Mastercard 

Number Expires -- 

Name 

Address 

City 

State Zip 





114 WAVELENGTH 
Model No. Freq. MHz Oescrlptlon 

196-200 144-148 5/16-32 stud w/aprlng 
196-204 " BNC connector wlrprlng 
196-214 " BNC connector 
196-224 144-UP BNC conn. adl. angle 
196-814 220-225 BNC connector 

518 WAVELENGTH 
5/16-32 for old TEMPO 
BNC connector 
PL-259 w/M-359 ~ d p t .  
5/16-32 for old TEMPO 
BNC connector 
5/16-32 for HT-220 
1 /4-32 stud 
BNC connector 

increased undistorted 
TS-930s headset audio 

Many operators prefer headset 
operation employing a relatively high 
audio output level combined with low 
RF gain. This mode tends to preclude 
AGC capture from strong adjacent sig- 
nals and tends to minimize noise. 
Using the very popular Kenwood 
TS-930s in this manner of operation, 

I Largest Selection Of Telescopic Anten- 1 ~ e a k  audio distortion is evident 

I nasm W*teforInfO. Pricesare~ostpaid bepending upon the particular head- via UPS to 48 States. For air delivery 
via UPS Blue add ~2.25. Florida add 5% I set, the signal levels, and the gain set- 
sales tax. Payment by M.O. or Cashiers tings employed. 
Check only. fl 184 I 

ANTENNAROTOR 

. F~ts rns~de most HF SSB transcelvers . Requ~res human volce to acllvate 
Ignores statlc nolse and hetrodynes 
Onion sw~tch only-no adlustmentsl 
Connects to aud~o leads and 9112 VDC 
Fully assembled and tested $99 95 . Complete w~lh cornprehenslve manual 
Used worldwide In commerclal and mllltary 
transcelvers 

- 
" 'f 

R I I A  

r-------1 
8 1 RI I  I 

R12 
7 -' 
I R l P A  
L--+,,&---+ 

3 n - T O  S P Z  
0 

TO S P I  
0 

fig. 1. TS-930s headset jack circuit. 

A simple solution to this condition 
is to decrease the value of the 112- 
watt, 100-ohm voltage divider resis- 

Get POWER to your antenna! Our Baluns are 
already wound and ready for installation in your 
transmatch or you may enclose them in a 
weatherproof box and connect them directly at 
the antenna. They are designed for3-30 MHzop- 
eration. (See ARRL Handbook pages 19-9 Or 
6-20 for construction details.) 
100 Watt (&I.  el, 9:l. or 1:l impedance -Select one) S 9.50 
Universal Transmatch 1 KW (4:l Impedmce) 13.50 
Unrenal Transmtch 2 KW (4:l Impedance) 16.00 
Universal Tnnamatch 1 KW (6:l. 9:l or 1:l - Mlect om) 15.00 
Univenul Transmatch 2 KW (6:1, 9:l or 1:1 - uleet one) 17.50 

Please send large SASE for ~nfo. 

headset jack on the front panel as 
depicted in fig. I .  It is necessary to 
remove the triangular corner brace 
plate adjacent to the jack to gain 
access to the resistors. The plate is 
held in place by five easily removable 
screws. In my project, I paralleled each 
of the existing resistors, R11 and R12, 
with a 110-ohm 114-watt resistor, 
which resulted in at least 6 dB of addi- 
tional audio without any noticeable 
distortion, even at uncomfortable 
levels. 

An additional advantage of this 
modification for operators wishing to 
correct dissimilar auditory response is 
that by proper selection of the new, 
paralleling resistors, the dissimilar 
response can be easily corrected. This, 
however, will be possible only for 
those using stereo headsets, since the 
jack circuit was designed to accommo- 
date both stereo and monaural head- 
sets for a monaural output. 

Using the external speaker jack on 
the rear panel was a first attempt to 
solve this problem. Although this 
approach provided audio, it revealed 
an unacceptable underlying white 
noise while using CW selectivity. Ex- 
ternal padding could be used to 
accomplish the same result as I 
obtained internally, but I prefer a 
"clean" fix, without any external con- 
nections, and the convenience of the 
continued use of the front panel 
jackset jack. 

Marv Gonsior, W6FR 

TR -25001 2600 
2-channel programming 

The instruction manuals for the Ken- 
wood TR-2500 and TR-2600 describe 
how to program ten channels into the 
memory - but what if you wanted to 
listen to only two? I've found out that 
this feature comes in handy when I am 
monitoring the local emergency nets 
and don't want to scan any additional 
frequencies for fear the scan cycle will 
stop on something in which I have no 
interest. This is how it can be done 
following the procedure in the PRO- 
GRAM (BAND) SCAN: 

Set the lower frequency you wish to 
receive. 
Example: 1. Enter 6.640 

2. Press "F" AND "#" 

Set the highest frequency you wish 
to receive. 
Example: 1. Enter 6.730 

2. Press "F" AND " #  

Now repeat the second entry of the 
highest frequency. 
Example: 1. Enter 6.730 

2. Press "F" and " #  
3. Listen for the BEEP 
4. Press "F" and " *" 

Joel Eschmann, K9MLD 
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Ham Radio's guide to help you find your local / 
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 
Sewing 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 
312-631-5181 
Hours: 9:30-530 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM STATION 
808 NORTH MAlN STREET 
EVANSVILLE, IN 47710 
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, MA01810 
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. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 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 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-330, 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 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAlN 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. 

1 I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for com~lete details. 
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Inter-Ear-Communication-System 
A space aqe system that allows you to send and 

4ma teur Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH (CLEVELAND AREA) 

44092 
2 1 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-530, 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 Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCGNTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird. CushcraR, Beckrnan. 
Larsen. Hustler. Astron. Belden. 
Antenna Specialists, W2AU/W2VS. 
AEA, B&W. Amphenol. Saxton. J.W. 
MillerlDaiwa. Vibroplex. 

THE VHF SHOP 
16 S .  MOUNTAIN BLVD.. RTE. 309 
MOUNTAINTOP. PA 18707 
71 7-474-9399 
Lunar. Microwave Modules. ARCOS, 
Astron. KLM.Tama. Tonna-F9FT. 
UHF UnitslParabolic, Santec. Tokyo 
Hy-Power. Dentron. Mirage. 
Amphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TEXAS 77004 
713-520-7300 
1 (800) 231-3057 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 55E0411 
M-F 9-5:30 
Sat 9-3 

ssage through your ear and leave 

(-'/' 
a Replace your W s  awkward speaker-mlcrophone with 

an marmicrophone. 
a Discrete HT communlcatlons leaves you wlth both 

hands tree. 
a Allows voice communlcaUons In noisy envlronmants. 
a Our neartalk Interfaces wlth almost all W s ,  which 

have external speaker microphone output jacks. 
a Custom hybrld circuit. 
a Low power consumption. Tmnsmits at 5mA and less 

than 10uA when receivlng. 
a One year warranty. 
Dealer inquiries are invited. 

$99.95 includes IECS-200 control unit. Ear transducer. 
9V battery, 6-pin output connector and Instruction sheet. 
(Add 6% sales tax lor California residents.) 
Custom made interface cable for TEMPO S-15 and all ICOM 
HTs are available at $19.95 
FOR ALL PREPAID ORDERS, SHIPPING AND HANDUNG 
CHARGE WILL BE PAID BY NeEAR.TALK. 

things 
down 

WithThe HAZER Engineered 
for Rohn 20 81 25 Towers 

~ntt . l t r>as ,11111 r , l fa \~ , r  ,nc,,,nt ur HAZER complete 
system lrarrls IowPr I I  i v t t~ca l  ~ p t ~ g h l  vus~ lmn Salety 
lack systemaperalPs ~ 1 1 8 1 ~  liltsaog 01 lower~nq Never 
can fall Easy lo  lrlalall and oprrate 

Complete LII lor 511' or less lower tnc lud~s  wlnch. 
cable. hardware and ~nslructlons 

Hazer 2 - Hpavy duty alum I 2  rq It Mad 1287.W ppd. 
Haler 3 - Standard alh#n, R rq 11 load 1213.00 ppd. 
~ a r e r  4 Hvavy gal" rln.1 16 sq It load $278.00 ppd. 
8.4il Thrurl beartnq rt3 7:- lor any ol a m -  142.50 ppd. 

Martkn also m lg r  aiumlnum towers s l~t 'c f l lca l ly  
~ng lnvered  fur use wtth IheHAZER T w o s l l n  M-13 
(13 wtde] and M.18 ( 1 8  wldel Ltmtted supply of  
lactory closeouts ul M-13Stower secljansat 25"odnsc 
9 15,851hru 10 IS H5 Order now 

GLEN MARTIN ENGINEERING INC. 
P.O. Box H 253 
Boonville. Mo. 65233 
816-882-2734 v 1W 

THE 1985 ARRL ) 
I HANDBOOK I 

WAS I 
I GREAT I . . . BUT WAIT 

UNTIL YOU SEE 
THE 

For a preview of the 1986 ARRL 
Handbook, see October QST . 
ARRL, 225 Main St., Newington, 
CT 061 11 
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TWP annuis . -SLOEAS":- 
v:,11 llUlYrn 
Y's 41 IUllYWlD 
YS v tOitYmi4Ma 

.cn b uud d t a r n  

DELUXE CENTEA CONNECmR 
NO RUST Blasl  Trr!rl#rlnlr 

8~81~ 818 L111110mg A~CIIOI 
Yi~ln 50 23?Rece~IacI~ 
H,lnalrr f.il P:l*pl 

8 ' , lc , t l l  KCVfl 1,cnLov /'>'a 9') 
I,, : ' , I  141 XCVH!l;m i:ov 111'1 110 
IC 7 7 1 A  2") K V R  specla1 !,59 95 
IC 37011 ?m,4111 ban05 4Rq 9'1 
IC ? l l H  I W  wall?m XCVR 737 9!? 
IC o?Al ?m H I  10 Memorler CALL 
lC O4Al 440 HTlIoachlone 799 45 
MI? 1 7 c h M ~ r t n e H T  279 95 
M80 25-wall Marlnr Scan 387 76 
Mial lchdnnei M a ~ m  HI 3;':) 45 

K E N W  OD 
1S.940S H i  ~,annce,ver CALL 
TS ~ J O S H F  Transcelve~ SPECIAL 
T H - m a  2m moolte 45W call 

, 

Y'ESU 
F R ~ , ~ , , I I  5 "  11110 '549 1411 

f I 75; HI x c v ~  with msi fiqq s5 
F T  q80 (:AT S V ~ I P ~  1439 00 
FRC 8800 SWL Rece~wr 519 95 
f I 7II'IHH ?nt HI specla1 749 95 
F I  ?IIIRH ?m m1"!45W 389 45 
FI 77110HH 2 5 ~  aualoand 449 95 

If] ." 
5 1  14: Il,~ndheia 249 95 
KDKFM 111337m75-wall 254 95 

TEN-TEC 
2591 svr>tv ~ d n ~ l ~ ~ ~ l ~ l  259 95 
Cenlury ?? c w xCvR 350 W 
2510 Modrl 8 410 95 
C ~ R S A I R  MMP~ 560 w q  q ' ~  
ARGOSY 1 1  5150 Oqltal 519 95 
TRIION 425 HF Amp I 5kw CALL 

A4 4 r ~ ~ ~ v l .  ~ v n .  . "1 . Ilm 764 95 
R l  I I I .  756 95 
AHX :?H .'ni Hlrlilu H.$!lpel J4 95 

KLM 
Kl34A4-el? 10-l5.70rn 334 95 
?m I lX l 1 element ?m 59 95 

MOSLEY 
LI 33 3-rie TrlOand Ream 765 95 
Pro .I1 7 ele 10 15 7Pm 465 95 

HUSTLER 

~ ~ ~ ~ : 0 R ~ ! ? ~ , " ~ f ~ , " ~ ~ e 9  
Ill ,ma 15 mrler 11 g!, 17 95 
30 ,an0 40 nltlels 17 95 75 95 

HY.GAIN 
391s I H I I I I  10 15-?om 445 00 
3955 trulorrr  l4 ~r lhana 305 00 

MORE ANTENNAS 
Al A ,,,,, ,,, CALL 
AVANIIHM 151 1C7m 31 95 
LARqLN LM l M 5 1 8 M a q  39 95 
MlNlUllAfl HO I 141 95 
RIITIIRNLIT HF6Vvan IW 9 s  

TOWERS 
U N A R C O . R O H N  
S e I I . 6 ~ p p 0 I i l n ~   OWO OR: 

1 ~ ~ ~ 4 ~ 1  .I#, tpvt *ID ,I.,,. 198 00 
1 1 ~ x 4 ~  i~ lppl *,IN ,lase 264 00 

~~~~d foldorar towers: 

f K4'dl.I l ,~. lpc~ 451, 1746 00 
f W-.5V:Ww 7 %  940 00 

S t r a l g h l  Sec t ions :  
201; ~.lr,a!qI~l Secllon 37 95 
?',1, !,li,j8iihl Se~lton 48 95 

TOW*, ,*c,a,,s Call 
T R I . E X  & H Y . G A I N  Call 
Cable by S a x l o n  Call 
C a b l e w a v e  Hardllne Call 

ROTATORS 
AIllan, v 1 '18 95 
KCWP> ~P'.00 tleval~on 1!!9 95 
~y 112n n.im I V  174 q i  
HyGaln la~llwlsler llX 269 95 
HY ba~n Heavy duly 300 530 00 

INTERFACES 
HAL 

CWR 6850 Telerc,.aoer 746 95 
CRI 100 R11v1I.w Interlace 759 95 

PACKET 
AEA PKTl Pack~t  Lontrollel 459 95 
wanlron~cs packet controttcr 339 9:. 

HARDWARE .,, 12,4 ,,,, MFJ soll,,,,e 7g 9, 
Kanlron#rr nteclace 11 210 95 ,, A cp ,,,,,,,,, 784 ,, 
If A CP I lntertaCp 17995 

PACKAGES 
MICfOID(IA1f' IV1c  7 0 ' ( h 4 1 7 9  95 
AfA M~cld.~rnlor Patch 119 95 

SOFTWARE 
K a n t m n l c s  H a m t e x t  
V ~ C  ?0 L 18.1 Apple 

Kanlronlc.  H a m s O f U A m t n  
VIC 70 C GJ. THC 80 Alarl 69 95 

M l c m l o g  AlrOlrk V10IC64 39 95 

Dr. DX by A E A  95 95 
A E A  Mx.'e~l v~7001C.Ed79 95 

Dr. O S O  by A E A  7l gr, 

ACCESSORlES 
B E N C H E R  PADDLES 
, I  18 9', 48 95 

AEA K E Y E R S  
C G ' C O ~ I ' P *  Kever 146 95 
MM 7 Mnl,@m.lll= Knlef 172 911 

T E L E X  HEADSETS Call 

MFJ PRODUCTS Call 

AMPHENOL C o n n ~ t w s  CALL 

SCANNERS 
REGENCY 
Mx4OlIO 311 qllll MHI 389 DO 

%db:~,h: :!l;:o,"M"H"," 
M x J o ~ ~ o  3 0 ~ ~ ~  6 q5 

BEARCAT 

2;: ;::Xhk%C::afl I69  9 s  
702040 chlavcrafi 274 On 
?IOXL 195 00 
300 50.cn sonnerla~rcral l  341 00 

AMPLIFIERS 
TOKYO HY.POWER 
v n t  n IIHF C A I  I tor OUDI~S 

"IWA 
L A  "l'li lm Amp' Z 3 0 W  68 95 
L"-2°J5R 7m Amplp'eAmo 74 95 
MIRAGE 
RIOlh 7m Ampllllsr 10.160 7 0  95 

1 ; ;  5 
A1110 1200 wall 5R9 95 
A1 1700 1 5 kW Amp 1399 95 

K E N W O O D T ~ ~ ~ ~ ~ ~ W  cALL 
AMP SUPPLY 
A I  1,'ooA l l o o  PEPTuner 169 95 
L K  500/A? 5 LW hopers11 999 00 

VOCOM AMPLIFIERS 
?walls 60wal l \  :?m Amp 107 95 
7 walls 1 )(I walls ?m Amp 109 95 

TE Systems GaAs F E l  Call 

ASTRON Power Supply 
RSIA 49 95 VS7OM 174 95 
RSSOA 189 95 RSSDM 104 9 s  

. . . at a Discount 

Compare Our 
Sample Prices 

Then Call 
Toll Free for 

Orders & Quotes 
800-336-4 799 
(800-572-4201 in VA) 
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"pound symbol. You can now communicate 
with Dr. QSO via keyboard. 

/ product \ 

REVIEWS 
meet Dr. QSO - on-the-air 
simulator - new from AEA 

How many new licensees do you know 
who've never been on the air because of a real 
bad case of "key fright?' I can think of quite a 
few. Until now, I've never been certain of just 
what to tell them to encourage them to get them 
on the air. 

AEA's new C-64 computer program, Dr. QSO, 
is a Morse code trainer that lets you simu- 
late everyday Amateur communications without 
actually having a transmitter. When AEA's Dr. 
DX came out, I. recall being utterly amazed at 
the realism of the unit - how it simulated, to 
practically the last detail, almost every aspect of 
on-the-air communications. The new Dr. QSO 
has that same quality. It should be a real boon 
to new licensees and prove to be a valuable train- 
ing aid in Novice and upgrade classes. 

All stations that you hear are generated ran- 
domly by the computer using currently issued 
call signs. At the lower end of the bands (the 
Extra sub-bands) you'll find code speeds similar 
to what you'd hear on any given night. As you 
move out of the Extra portion of the bands, you'll 
find that code speeds slow down until you get 
to the Novice band, where speeds range from 
about five to ten words per minute. 

Conversations are very similar to those you 
would hear on the air. Signal reports and names 
are given, and equipment, the weather, loca- 
tions, and antennas are all "discussed." Should 
you miss a piece of information, you can ask the 
computer for a repeat - and get one! You can 
also ask the station to slow down or speed up 
- and it does. 

installation 
Whenever you're working with a computer, 

it's a good idea to turn everything off before you 
insert a new program card into the machine, to 
eliminate the possibility of damage should there 
be any static charges. AEA recommends doing 
this with Dr. QSO, and it's good advice. The pro- 
gram card simply slips into the back of the com- 
puter, label side up. 

Next, you plug a Morse code key into the back 
of the unit. You can use a straight key, bug or 
electronic keyer; electronic keyers are preferred. 
(Computer decoders sometimes have trouble 
deciphering a fist because of irregular characters 
and spacing.) 

14 you don't have a keyer, or just happen to 
prefer keyboard operation, press the British 

program set-up 
When the program is turned on, you'll see a 

transceiver at the top of the screen showing the 
frequency status of both the transmitter and 
receiver and level indicators for the volume and 
bandpass filter. You quickly realize that Dr. QSO 
comes very close to simulating a real transceiver. 

Your next step is to load the text file and pick 
your operating aids. You select from either the 
cartridge (by pressing 0) or from custom mes- 
sages on a disk (by pressing 1-91. Choose your 
code speed, set the volume, adjust the color and 
contrast levels on the monitor, and you're all set 
to go. 

operation 

A typical QSO looks like this: 
CQ CQ CQ CQ CQ DE KBZNYA KBZNYA KBZNYA 

KBZNYA OE KBZBOF KBZBOF < AR > 

KBZBOF DE KBZNYA GE OM TNX FEU CALL-UR RST 57N 

QTH IS OSSlNlNG NY7 OSSlNlNG NY ES NAME IS CURLY 

CURLY - SO HOW COPY7 cAR > KBZBOF DE KBZNYA K 

. . . and so on. 

Although the program seems to be capable 
of generating innumerable QSOs of virtually 
unlimited variety, it's also possible to write your 
own script. If you have a Commodore disk drive 
and elementary programming skills, you can 
write original QSOs and even trade with friends 
to make the Dr. QSO experience even more 
realistic. The user manual that accompanies Dr. 
QSO provides more than adequate instructions. 

problem solving 

With AEA's thorough documentation and 
high-quality parts selection and workmanship, 
there's no reason, really, to anticipate problems 
with Dr. QSO. Still, for questions or problems 
that may arise, AEA supports the program with 
a user hotline available during normal business 
hours (Pacific time, since AEA's headquartered 
on the west coast). Supplying your "software 
support number," furnished with every user's 
manual, gets you patient, knowledgeable assis- 
tance without delay. A parts list and diagram of 
the board are included in the manual so you can 
do your own troubleshooting, should the need 
ever arise. 

questions 

If you ever have the chance to sit down with 
this program at a Ham show, you may be temp- 
ted to "Ask Dr. QSO" for more information after 
just a few minutes of "communicating" with the 
imaginary Hams "created" for your operating 
pleasure and practice. Don't bother . . . Dr. QSO 
is, after all, just the software brainchild of some 
clever programmers at AEA. For information, 
you're better off writing to AEA at P.O. Box 
C2160, Lynnwood, Washington 98036-0918. 

On the other hand, you might just try asking 
Dr. QSO . . . 

NlACH and KAlLBO 
Circle #301 on Reader Service Card. 

I TESTED - FULLY GUARANTEED 
1 2-30 MHz 12V(*=26V 

P/N Ratrng Each Match Pr. 
MRF406 20W $14.50 $32.00 
MRF412.IA 80W 18.00 45.00 
M RF421 l00W 25.00 58.00 
MRF421C 11OW - 80.00 
MRF422' 150W 38.00 82.00 ' MRF426,IA. 25W 18.00 42.00 
MRF428'. 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
MRF435' 150W 42.00 80.00 
MRFU9.IA 30W 12.50 30.00 
MRF450,IA 50W 14.00 31.00 
MRF453,IA 60W 15.00 35.00 
MRF454,IA BOW 16.00 36.00 
MRF455,IA 60W 12.00 28.00 
M R F458 BOW 20.00 46.00 
M R F W  80W 16.00 42.00 
MRF464' 80W 25.00 80.00 
MRF486. 40W 18.75 48.00 
M RF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 BOW 18.00 40.00 
SRF2072 75W 15.00 33.00 
SRF3662 llOW 28.00 80.00 
SF3775 75W 15.50 34.00 
SRF3795 85W 16.50 37.00 
CD2545 50W 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 SOW 15.00 38.00 

Selected Hrgh Garn Matched Ouads Avarlable 

VHF/UMF TRANSISTORS 
Rating MHz Net Ea. Match Pr. 

MRF212 10W 138.174 $18.00 - 
MRF221 15W 138.174 10.00 - 
MRF222 25W 136-174 14.00 - 
MRF224 40W 138.174 13.50 32.00 
MRF231 3.5W 66.88 10.00 - 
MRF234 25W 66-88 15.00 38.00 
MRF237 4W 138-174 3.00 - 
MRF238 30W 138-174 12.00 - 
MRF239 30W 138-174 15.00 - 
MRF240 40W 138-174 18.00 - 
MRF245 80W 138.174 28.00 65.00 
MRF247 75W 138-174 27.00 63.00 
MRF250 SOW 27.174 20.00 46.00 
M R F W  5W 138.174 7.00 - 
MRF261 10W 136.174 9.00 - 
MRF282 15W 138-174 9.00 - 
MRF264 30W 138.174 13.00 - 
MRF807 1.75W 138.174 3.00 - 
MRF641 15W 407.511 22.00 - 
M R F W  25W 407-512 24.00 54.00 
MRF846 40W 407.512 26.50 59.00 
MRF848 80W 407.512 33.00 89.00 
2N3888' 1W 30-200 1.25 - 
2NU27 1W 138-174 1.25 - 
2NSSgl 25W 138-174 13.50 34.00 
2N5842. 20W 30.200 13.75 34.50 
2N5945 4W 407-512 10.00 - 
215948 10W 407-512 12.00 - 
2N6080 4W 138-174 6.25 - 
2 N W 1  15W 138-174 7.50 - 
2N8082 25W 138.174 8.W - 

1 2N8083 30W 136.174 9.30 24.00 
1 218084 40W 138-174 11.75 28.50 

TMOS FET 
MRF134' SW 2.200 $10.50 - 

1 MRF137' 30W 2-200 22.50 - 
MRF138" MW 1.5.150 35.00 - 
MRF150.' 150W 1.5-150 80.00 - 
MRF172' 80 2.200 65.00 - I Selected, matched tmals for Kenwood, Yaesu, 
Icom, Atlas, etc. Technical assistance and cross- 

, reference information on CD. PT. RF. SRF, SD P/Ns. 

QUANTlT Y DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D.IVISAIMC 

INFORMATION AN0 CALIF. ORDERS: (610) 744-0728 
OUTSIDE CAUF. ORDER DESK: 8OlH54-1927 
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NEMAL ELECTRONICS INTL., INC. 

Complele System 184 95 (Shlpplnq lncl I 
Oralmhlp. 01" Prlclng Rrplar~mcnlPart, 

~IIID-mcn EIO~~~OIIIM 
r o 801 ~ 7 7 2  . m m l n  u -7 

, ,,,,,., (El21 817 77W 167 nor s~ot l  411 shc~naadas~l 

y o u r  one stop coax supplier! 

ELLITE CONTROL CABLE-- 
5TYPES AVAILABLE! ' N E W ! ! !  ~ o w e s t m  

AYAILADLE IN 
TYPE 1 TYPE 2 iYPE j TYPE 4 TYPES 

0 .. ". " I I t b ' "  . .. I' 1 1  ! I S L I " I " L , r n  %, .;.v , ,- v s  . :;. . %:." <., . , . , .,. 
I R * , .  ?lpir.I< 

L_. .I .- :".r" 
' r - l : I .  IT ....,. !. . ..,. 1 ' '  I .  ..,. ' sI,~.,, , ,  

?. I1 4"" 

'"'s'r. b *  .. ., ,. ,* >Z.,",. 
I .  IL,," 

, , t.;.. ...,. h..",, )'", 
..i*.,Ol", 

5."#6.0 W", 
....'..1.8". " h  ,,,,, !,..*: mm I"".,. l ,ow . ..... *DP* ."ln I.,"..?O,.l ",,.*., I.,,. *., 

I. :.'I...,. 51- ,.".' ".**..  ,...... ,.,!,,,,'.,,,,, , 1,wr- 
1.  : : , , . I .  ,".W 

I., ,  '.ldl*lC 
. ,- t,.".. 

:.,.a,. :.,.*. 
, ,. .,,,., , ..,.,..1 . .  551 75-2 95C 790 890 

,,,,.,,,,,,,, ,*,,. 
..,,,,,,..,,.s,, m..,,,, - FT FT FT FT FT 
," ,,,,. llnilal,,,ll , . \' 

C ~ I  IW IWO n 
ei".,,..l,l ., , , , . ,  ,.-, on)"  ~ern.1 owsrs m e  ouall!> C O ~ S , ~ ~ C V , O ~  IG59rU cozocr rn~e~o~ngrnademrne~ IDLC JANC 1 7  

r /  195 
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b,,,,., ,*, h., 0 gauge COn""C,O,, ,innCa LODD.'O..l" 

HARDLINE 
Twa Wes, two sizes tor all imblldon n r e h  
Numlnmm 0 . l ~  Cadvctol wHh Pohdhylsnm Jackd 
112 inch loss 48 dllllUO ll s 30 MHI 

3 6R d f l l l N  I1 r n  ILK4 MHI $1 25/H 
718 inch loss 28 0RIllN ll OD 30 MHI 

2 54 ~ l l l l l lm  I1 OF I(XXI MHz U 251n 

CmnwM l%w Outer Cndlnw WW POWHIM 
J+kd 
112 loch loss 38 681100 )1 @ M MHz 
IFLCIZ-WI 2 78 d811m 11 VD IWO MHZ . $1 59/11 
718 lnch loss I 3  d l 1 0 0  ll o M MHz 
1FLC17 7aJl ' dR1l'X) Or MHz Uwn 

COMPARE RG 213 1 25 dB1100 M: 30 M M  
8 5 dRIIW I 11x4 MHI 1 

HARDLINE CONNECTORS 
112 mch aluminum UHF W $19 00 lype N MlF 122 00 
7111 tnch alumrnum UHF MIF 149 W Type N MIF 149 00 
r n  Inch copper UHF MII 122 rype N MIF m DO 
718 tnch capper UHF MIF 149 00 Type N MIF t1g W 

%?fT S6.W r t W  f f .  
~0nn.c- - g~ p.r o r h r .  
Orden under 120 add 1 2  addl l lonmlplus shlpplng. 
Charge card - ordan o n ,  $30 only. 
COD a d d  12.00. Florlda Rsr ldentc  add S H .  

F A C T O R Y  A U T H O R I Z E D  D I S T R I B U T O R  
A M P H E N O L .  CABLEWAVE.  C O L U M B I A .  KINGS 

BLONDER-TONGUE.  TYTON. B 6 K  

. COAXIAL CABLE W A N  PROOUCTS . MULTlCOYDUCmR WBLE . COAX.SEAL 
ConNEcronS-ADArrEns COMPUTER WILE 
HARDLINE CRIMP TOOLS . CABLE TIES FIELD STREWGTH MRER 

I 

MICROWAVE EQUIPMENT 

m RMLA - 2.3 
Single Stage, Low Noise 

Gas Fet Amplifier 
$60.00 

O ~ l < m u ~  I~,?nstsIor Nobse Figure less lhan 5 d B  
Azbocmalrd Gakn Greater Than I M B  a1 2 3 GHz 
Sourc~ lLoar l  must be  5 0 *  10 ohm Non-Reactwe 
SMA Conneclots. Regutres t 5VDC Power wlth 
- SVDC presenl when + 5VDC applled Power Sup 
ply and Sequencong 4% no1 supplned Zener Pro lec l~on 
Unenclosed on 2 r 2 PC Board 

Write lor Pr~celOeltvery lor any lrequency l rom 1 to  6 
GHz Also VCO'L Sqns l  Generators. Deleclorr.  Al- 
lenualors. F~l lers. Mnxers. and Conveners 

Pvtce mcluder Shtp~rng and Insurance when p a d  b y  
check or money order Charge or C 0 D orders. 
F o B . arwkt ts la  MO 

ROENSCH MICROWAVE 
R.R. I. BOX 1 5 6 ~ .  
BROOKFIELD. MISSOURI 646'28 , 1M 

*Ire% .n..lr"e.JItCcl liu.i*l.nl,el"*lm.,.r..l 

COAXIAL CABLE SALE 
POLYETHYLENE DIELECTRIC 

RG.W '16",, <li,t,l,t 111 SDPL 1579 LU! I l W l i  l i t  31*111 
RGllU 9h"l. \b$?li' "I ohni nlsl sw r  25*111 
RG-55RIU Ooublt. ,.hlrld IRG 58 src l  50 ohm 45.111 
RG%U rlbil .,PC( '36% nhlelo IS10 W l l W l  or 11'111 
RG62NU %'% sh#,.ld m ~ l  spec 93 ohm 12'lll 
Rl;I74IU m,!, 50 :I mtl spec 1ff111 
R1;710 n0ncsnlarnnalil~q 9 6 2  sh$eM mll spec 36'111 
R(i214lU datlble rlver sh!rld M ohm $1 65ilt 
RG714IU llnned ct,~pet 65'111 
111;21i1u double 5lll~Id 5011 %a- W 85'111 

LOW LOSS FOAM DIELECTRIC 
RG.8X (Mln, 81 95% shield lS15 WI IWI  ot 17~11I 
RGBU 80% rhbeld IS19 0011Wl or 22.111 
RGBlU 97% shl?lO I 1  gu Ieq BClden 82141 311111 
RG58U 80% mrlcl 07'111 
RG58U 95% rlsrld l f f l l t  
R(;5q!U 103% loll shleld N type 10.111 
RG5YIU im copper rhleld 09.111 
HiAVY D u l l  ROlllR CABLE 2 16 ga 6-20 ga 3F~~111 
Rnlor cable I 18 g.f 6.22 pa Poly burul Jkl I q ~ i l l  
Colnokle linr 01 i!i~rll~ConducIo~ cables avatlabk 

CONNECTORS MADE IN USA 
Amphenol PL 759 89' 
PL.259 andlor SO ?39 6 9  ea or IM5 99 
Double Male Coonector 11 79 
PL 7% Doahle frn~ale C M m l o r  98' 
PL 259 Stlver Tetluri Klngr St 59 ra 
Reducer U(I 115 or I16 2 F  or 1ORZ W 
Uti 255 (PL 759 lo BNCI 12 95 
Elbow lM3591 UHF Flmw $1 79 
159A I T V  l v ~ c l  2 4  of 1WS2 W 
U1, 71 DiU Type N Mak 101 RGB. Amplnrml U W 
UL MCiu ONC Mak for RG.%, Amphenol $1 75 
UG 273 BNL PL254 AmphPnol U W  
3116 mch Mike Plim lor Collfnr etc Icutoll) $1 75 
rhlpping 
Cable - $3.00 p r  1 W  ff. 
C o n n e c l o n  - 8dd rO%. 23.00 m b l m u m .  
Orden v n d w S 2 0  sdd I 2  addllloml p l u s  shIppJng. 
Charge card - orders over  $30 only. 
COD sdd S2.W. Florlda Rss lden l r  add 5%. 

MFJ 1621 portable 
antenna 

12240 N.E. 14th Ave. IN STOCK 

No. Miami, FL 33161 -~$R,~PPE1::,M,S,- 
Telephone: (305) 893-3924 , I= 

# 

Would you like to operate portable, but don't 
want the hassle of installing an antenna? 

You won't have any more excuses if you have 
MFJ's new portable 40-10 meter antenna. 
Perfect for vacation trips - even DX'peditions 
- the small lightweight unit "telescopes" for 
easy stowing in a travel bag. The antenna also 
comes with 50 feet of coax so you can locate 
it alter tune-up to minimize RF interference to 
your radio or other sensitive electronic equip. 
ment. The unit also includes a field strength 
meter to simplify tune-up. 

general information 
The MFJ portable antenna is really such a neat 

idea that I'm surprised it took so long for some- 
one to market it. The unit uses a radiating ele- 
ment that's simply an expandable replacement 
antenna for auto or shortwave radios. The an- 
tenna is tuned by a series capacitor and parallel 
inductor to ground in a simple "L" configura. 
tion. The inductor switch is clearly marked by 
band with the approximate inductance that will 
be needed to tune the collapsible whip antenna. 
The tunable capacitor is also marked so you can 
establish "pre-sets" for easy tune-up. 

MFJ recommends that you encase the an. 
tenna in plastic tubing to prevent electric shock 
if someone should inadvertently touch the an- 
tenna while transmitting. 

specifications - MFJ 1621 
telescoping whip 54 inches 
box 5-112 x 6-314 x 2-114 

phenolic 
RG-58 50 feet 
weight approximately 2 pounds 
power 300 watts PEP 
bands 40-10 meters 

installation 
To use MFJ's portable antenna. all you need 

to do is attach the PL-259 to the back of your 
transceiver, set the inductor to the appropriate 
band, set the capacitor to mid-range and apply 
low power. Varying the capacitor should drop 



the SWR to less than 2:l. If i t  doesn't, change 
the inductor setting and try again. If more than 
one setting gives you a low SWR, use the one 
that gives you maximum power output. 

Once this is accomplished, move the antenna 
away from your operating position - you're 
almost ready to  stan working DX. A final check 
to make sure your SWR is within limits is all 
that's required before you turn up the power (300 
watts PEP maximum). 

use 
Setting up and tuning this antenna takes just 

a few seconds and is really quite simple. While 
no DX was worked during the test period - the 
bands were in very poor shape - signal reports 
were more than adequate for the kind of antenna 
being wed. Potential users should not expect 
this antenna to perform as well as a full signal 
beam or dipole; it will. however, get you on the 
air with a more-than-acceptable signal. 

Priced at 579.95, the MFJ 1621 will give years 
of excellent performance and fun. Contact MFJ 
Enterprises, Inc., Box 494. Mississippi State. 
Mississippi 39762, for more information. 

N l A C H  
Circle K302 on Reader Service Card. 

products 

compact VHF power tubes 
Varian ElMAC has unveiled four new VHF 

power tubes designed for power amplifier appli- 
cations. Developed bb Varian EIMAC's Salt Lake 
Division, the tubes provide improved perform- 
ance in a compact design. The tubes include 
liquid-cooled models that use new highly effi- 

OUADS - TOWERS - OUADS -TOWERS - OUADS - 
I 0 

C $ DO YOU WANT THE STRAIGHT 6 
INFO ON QUADS? V) 

3 
n I - 

-i I lnlo on vnrt~cels d~poles. rntntquads. 
V) S 5 Yagls, lnclud~ng cornparatlve performances? m 
? Without pulling any punches. 3 V) 

2 Our references are ANY AMATEUR WHO I 
I USES A SKYLANE OUAD f2 
g Our prtces are lwrer lhsn any comparable 6 
< Ouml a, lwcr (0 

2 Info on quads half a buck and Info on BOTH I 
I towers and quads for a buck Charge due to 2 

Increased cost of poslage and prlntlng 3 - 
U 2 V) 

SKYLANE PRODUCTS 
I PO Box 2968 c 

V) D 
o Satell~te Reach. FL 32937 o 
4 GI  
3 
0 

(305) 773-1342 I 

- sovno - stlam01 - sarno - stlamo~ - sarno 
fl 197 

2 

Crys fal 
T Filters l%P 

NEW FOR FT-757GX! 
Improve selectiv~ty by replacing your 
stock 27M) & 600 bandw~dlh filters 
with genulne Fox Tango %pole drop 
ins: 21GiJH.z torSSB. 500or 250 for CW. 

INTRODUCTORY PRICES 
Reg. $60. Special $55 ea., $100 pr. 

S H I P P I N G  I1 U S .  15 A v  IUS 6 Canadel. 
$10 Elsewhere. Order by mall or phone 

VISAIMC or COD acceoted 
Ask Aboul Our Frllers For Many Olher R ~ g s  

FQX-TANGO Gorp. 
Box 15944, W. Palm Bch. FL 33416 

Telephone: (305) 683-9587 
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your HAM RADIO Magaz~ne arrlves on 
schedule Just remove the rna~ling label 
from t h ~ s  rnagazlne and affix below. 
Then complete your new address (or any 
other corrections) In the space provided 
and.we'll take care of the rest. 

Allow 4.6 weeks for 

How about an attractive BASEBALL style cap Mat 
has name and call on it. It gives a 'aunly air when 
worn at Hamtests and it is a great kelp lor friends 
who have never met to spot names andcalls lor easy 
recognition Great lor birthdays, anniversanes, special 
days, whatever n$casion. Hats come In the follow~ng 
colors: GOLD. BLUE. RED. KELLY GREEN Please 

No ham should be w~mout an I D badge. It's just 
the thlng lor club meellngs, conventlons. and get- 
togelhers, and you have a w~de cholce of colors 
Have your name and call engraved In etther standard 
or scrlpt type on one of these plasttc laminated ID. 
badges. Ava~lable In the lollow~ng color comb~nahons 
(badqclletlertng): whitelred, woodgratnlwh~te, blue1 
wh~te, wh~telblack. yellowlblue, redlwhlte. green1 
whltc, metalllc goldlblack, rnetall~c s~lverlblack 
! 'UlD Engraved ID Radge 

Please Enclose $1 O O  
to cover shlpplng and handling 

GREENVILLE. NH 03048 

products 

cient heat exchangers to significantly reduce the 
coolant flow requirements. 

Of special interest to Amateurs is the EIMAC 
4CX1500BC.a ceramic-to-rnetal, high-gain power 
tetrode for service in VHF N and RF linear 
power amplifiers. Forced-air cooled with an 
anode dissipation of 1500 warn, its sophisticated 
internal structure allows it to operate at full 
ratings to 450 MHz. 

For additional information or literature, con- 
tact Varian EIMAC, 1678 Pioneer Road, Salt 
Lake City, Utah 84104. 

Circle #XI3 on Reader Sewice Card. 

dual-band mobile elements 
Larsen has launched a series of dual-band 

antennas for dual-band Amateur radios, while 
maintaining its usual high performance standards 
for both 2 meter and 70 centimeter Amateur 
bands. The new design incorporates a half-wave 
element for two-meter (144-148 MHz) Amateur 
band and collinear elements for 70 cm (440.450 
MHz) Amateur band. One antenna conveniently 
serves both bands while delivering exceptionally 
high performance. The self-resonant design 
needs no ground plane, allowing mast installa- 
tion on boats and base stations with standard 
Larsen BSA-K hardware. 

For more information, contact Larsen Elec- 
tronics. P.O. Box 1799. Vancouver. Washington 
98668. 

Circle C304 on Reader Service Card. 

shared repeater tone panel 
Communications Specialists has announced 

the introduction of its new TP-38 Shared 
Repeater Tone Panel. Microprocessor controlled, 
the TP-38 provides all 38 EIA standard CTCSS 
tones to allow up to 38 subscribers without the 
need to purchase additional cards or program- 
ming. All features are user-programmable and 
provided with each unit at one price. Built-in time 
and hit counters record the activity of all CTCSS 
tones on the repeater channel. The TP-38 has an 
ultra low current drain for solar or battery 
powered repeater sites, and is static and light- 
ning protected. A non-volatile memory retains 
programming if a power loss occurs. A LED dis- 
play (which may be turned off to conserve 
power) shows all received CTCSS tones when 
they occur, whether they are active in the panel 
or not. An automatic self-test is activated with 
each power-up. Any of the 38 available tones 
may be initiated from the repeater to call down 
a user for testing purposes. With the addition 

of the TP-DTMF, an optional, low cost DTMF 
module, all functions may be performed re- 
motely, using a common 12 or 16bunon touch- 
tone pad (secured with a fmd ig i t  security codel. 
This allows any of the 38 tones to  be remotely 
turned on or off, and allows the time and hit in- 
formation to be interrogated remotely. 

The TP-38 Shared Repeater Tone Panel and 
the TP-DTMF Remote Control Module are both 
available for immediate delivery from stock and 
are covered by a full one-year warranty. Prices 
are $595.00 for the TP-38 and $59.95 for the 
TP-DTMF. 

A catalog and further information are avail- 
able from Communications Specialists, Inc., 
426 West Taft Avenue, Orange. California 
926654296. 

Circle 1305 on Reader Service Card. 

compact antenna 
The lsotron 160 from Bilal Company is only 

22 inches tall, 16 inches wide, and 15 inches 
deep. Although this may seem small, the lsotron 
160 has a total surface area of over 900 square 
inches. 200 square inches more than a 112-wave 
dipole made from No. 12 wire. I t  has a tested 
bandwidth of 100 kHz within a 2:l SWR and will 
handle the full legal limit of power. I t  is also ad- 
justable anywhere on the 160-meter band. 

Like Bilal's other models, the lsotron 160 does 
not require any tuning devices or radial system. 
The hardware is stainless steel and plated and 
comes complete except for the mast. 

The price of the lsotron 160 is $149.95, plus 
$5.50 for shipping. 

For further details, contact Bilal Company, 
S.R. 2, Box 62, Eucha. Oklahoma 74342. 

Circle IJ)6 on Reader Service Card. 

HF slopers . 
Sultronics Amateur Radio announces the 

introduction of the "second generation" of its 
compact HF sloper antennas for the 160-8043 
meter bands. Featured are two models: the 
SS-2A Duoband Sloper which covers 80 and 40 
meters, and is 45 feet long and the SS-3A Tri- 
band Sloper, which covers the 160-8043 meter 
bands and is 60 feet long. 

Both models feature standard W-ohm coaxial 
feed and "no-trap" construction. Second gen- 
eratin slopers use only stainless steeel hardware 
and have heavier duty No. 12 solid copper drawn 
wire for more strength and bandwidth, an 
Amphenol coax connector, and a heavy duty 
aluminum tower mounting bracket. Both models 
are easily tuned for resonance by following the 
illustrated instruction manual. 

The SS-2A Duoband (80-40) Sloper is priced 
at $27.95, while the SS-3A Triband )160-80-401 
Sloper is priced at $39.95 (ppd). 

For more information, contact Sultronics 
Amateur Radio, 1587 U.S. 68 North. Xenia, Ohio 
45385. 

Circle #XI7 on Reader Service Card. 
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Uncle Ben says ... 

"I give you 
much more than 
just the lowest price.. 
When you get that exciting new piece of 
equipment from me, you know you are 
going to be completely happy ... 
1 see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

Just ask any of the many thousands of " H A M  HEADQUARTERS,  
hams all over the world who have been USA' " ...  S ~ n c e  ;925' 
enjoying my friendly good service 
for over a half a century. 73. Uncle Ben, W2SOH 

CALL ME ... WRITE ME ... SEE ME ... 
(516) 293-7995 For my prompt. At one of the world's largest 

r4nnnrrFsccrrJI Ham Supply Centers! 

HAS THEM ALL! Kenwood TH21AT, 31AT, 41AT 

KENWOOD 

Kenwood TR-795017930 Kenwood TS-940S 

m Kenwood TR-2600, TR-3600 

More Deta~ls, CHECK OFF Pd(j* 140 fl 199 October 1985 h l  137 
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market 

PHELPS DODGE duplexers for two meters. model No 497. 
6cav1ty. $600 each HAL ID.tA repeater ID'er. 19" rack mount. 
1 IOV power supply. 550 VHF Englneerlng two meter repeater 
complete wlth loglc. $325 KIKYl Rlchard Farweather, Har 
rlsv~lle R1 01830 (401) 568 3468 netween 8.9 30 PM EOT 

AMATEUR RADIO CLASSES: Chelsea Civil Defense will 
sponsor evening classes at Chelsea High School starting Oc- 
tober 16. 1985. for Novlce (baslc level ham Irense). and 
TechIGeneral licenses. Minimal cost for materials only. For 
Information: Frank Masucci. 136 Grove Street, Chelsea, MA 
02150. 

2 METER AMP KIT: 8877 legal lim~t k ~ t  5395.3CXBOOA7 900W 
kit $325 Also HV power supplies. CX6OON relays, parts and 
EME newsletter. SASE for catalog. 2 Meter EME Bulletin, 417 
Staudaher St.. Bozeman. MT 59715 Coming Events 
BACK ISSUES QST, 73, Ham Radio. Stamp for list. Koepke. 
6 Katherine Ad.. Albany, NY 12205. ACTIVITIES 

"Places to go ..." 
RATES Noncommercial ads 100 per word; 

commercial ads 600 per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
ganizations receive one free Flea Market ad 
( s u b j e c t  to our e d i t i n g )  on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right t o  reject unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held responsible f o r  claims made. Liability f o r  

correctness of material limited to corrected ad 
in n e x t  available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

WANTED: Regency XL2000 transceiver or new 10 channel 
148-162 MHz or Wilson WH2510 PO Box 929, Blacksburg, 
VA 24060-0929. (703) 382-4458 

INDIANA: The Allen County Amateur Radio Technical Socie- 
ty's 13th annual Fort Wayne Hamfest. Sunday. November 10. 
8 AM to 4 PM. Allen County Memorial Coliseum, Coliseum 
Blvd.. U.S. 30, Indoor tables available $8.00. AC power ex- 
tra. Premium tables with AC $20.00 each. Admission $3.50 
advance. $4 OOldoor. Children under 1 1 free. Ladies' activities. 
forums, banquet Saturday night. Nearby motels and 
restaurants. VE exams Saturday, November 9 advance 
registration only. Talk In on 146.28188. For lnformatlon or reser- 
vations: AC-ARTS Hamfest. PO Box 10342. Fort Wayne. IN 
46851 

WANTED: Ten-Tec Argosy 525. M~ke Kaulman. KGVCI, 107 
Suffleld Avenue, San Anselmo. CA 94960. 

CABLE TV CONVERTERS DESCRAMBLERS. Jerrold, 
Hamlin. Zen~th - many others. Factory unitsllowest dealer 
prlces. Complete ~llustrated catalog, $2.00. Pacific Cable Co . 
Inc., 7325-112 Reseda Blvd . Dept 1005. Reseda. CA 91335. 
8181716-5914 

NEW VLF 2 kHz-500 kHz products by KIRGO. L-1016 VLF 
converter. L-201 VLF broadband preamplifler. L-400 VLF ac- 
tive antenna and more. Write for free catalog. LF Engineer- 
ing Co.. 17 Jeffry Road. East Haven. CT 06512. 

GEORGIA: Ham Radio and Computer Expo '85, sponsored by 
the Alford Memortal Radio Club of Stone Mountain, Gwinnett 
County Fairgrounds, Lawrenceville, 20 minutes NE of Atlanta. 
Saturday November 2. 9-5; Sunday, November 3. 9-4. Admis- 
sion $4.00 advance, $5.001door. FCC license exams both days. 
Free cookout Saturday night. Activities for the whole famlly. 
RV sites with hookups on site. Talk in on 146.161146176. For 
information and reservations: Alford Memorial Radio Club, PO 
Box 1282, Stone Mountain. GA 30086. (4041 476-2944. 

- 
NEW JERSEY: Stateline Hamfest sponsored by the Stateline 
Radio Club. NY and NJ, November 16. St. Andrews School. 
120 Washington Avenue, Westwood. NJ. Doors open 8 AM. 
Tickets $3.00/gate. Tailgaters $6.00/space. Vendors $10.00 ad- 
vance by 10/31/85. $lJ.WIgate. VEC testing. Food and 
refreshments. Talk in on 146.835 K3LSA Rpt. For information: 
Stateline Hamfest. Stateline Radio Club. PO Box 325. Mont- 
vale, NJ 07656 or call Fred. N2ATl (201) 664-5320. 

- 
ILLINOIS: EARS. Inc. Hamfest, Sunday, November 10, 
Harlem Commun~ty Center. 900 Roosevelt Road. Machesney 
Park. Advance tickets 53.OOlSASE. 54.001door. Inside tables 
$5.00 each. Talk in on 146.011.61. For information: EARS, Inc., 
PO Box 4291. Rockford, 11 61 110. 

IOWA: The Muscatine and lowa City Amateur Radio Clubs 
will msponsor the SE lowa Hamfest, Sunday. October 6, rain 
or shine. West Liberty Fairgrounds; West Liberty. Gates open 
7 AM. Indoorloutdoor flea market. Saturday ni ht camping 
available on grounds, nominal charge. ~ ~ ~ L N E t e x a m s ,  pre- 
registration suggested. Tickets $3.001advance and W.001gate. 
For further information KEOY, Tom Kramer, 905 Leroy Street. 
Muscatine, IA 52761. (319) 264-3259. 

ICOM AND KENWOOD SEPARATE NEWSLETTERS: 5 years 
of back issues! Now available TS930S & 430s users modifica- 
lions supplement Send 39c SASE for 12 page FREE Brochure 
to International Radio. Inc.. 1532 SE Village Green Or. Sulte 
L. Port St Lucte. FL 33452. 

HELP: Need schematic for Knight 2-meter transceiver Model 
TR-108. Wlll pay for copy. Ph. 209) 626-4219. KEGJOT, 
Donald M Cox. 318 Park Blvd.. brange Cove. CA 93646 

SIGNAL GENERATORS, URM-25D, 10 kHz thru 50 MHz 
$245.00. URM-26B, 4 MHz thru 405 MHz $245.00. HP614A, 
900 MHz thru 2100 MHz $345.00, HP618B,3.8 GHz thru 7.6 
GHz $375.00. HP608C 10 MHz thru 480 MHz $345.00, 
TS-5101~ 10 MHZ to420 MHz $295.00. All labcalibrated. Have 
good stock so order today We accept MIC. VISA, or chew 
FOB Otto lmmed~ale sh~pment Phone Blll Slep 7045267519 
Slep Eleclronlcs Company H~ghway 441 Otto NC 28763 

CABLE TV CONVERTERS 6 EQUIPMENT: Plans and parts 
Build or buy. FREE informat~on. C8D Electronics, 626 Flower- 
dale. Dept. HR. Ferndale. MI 48220. 

ESTATE SALE lor the Iamlly of N5ClP All eqrrlpmenl In mint 
condltlon. some brand new TR7. PS7. R7, MNXXXI. MN2700. 
WH7 P75 SP75 HAL 3100ASR. ST6000. AEA 150. IC27lH. 
SPS20. T E ~ E M  and other parts Send SASE for complete llst 
Call KD5E (409) 632-5625 or (409) 634-4317 

TR-7 USERS: NB-7 Noise blanker (new) $65.00 ppd. HS-75 
headset (padded) new $14.00 ppd. SL-300. SL-500 CW filter 
$55.00 ea. ppd. K3UKW. Tony Musero (215) 271-8898. 

FREE 3 month subscription Send callslgn to Westlink Report- 
H10.28221 Stanley Court. Canyon Country. CA 91351. New 
only! 

FOR SALE: Kenwood TR-7800 two meter transceiver 
$200.001offer. Regency 8 Halicratters 150-1 74 MHz receivers 
$15.00 each; healistic SSBIAM CB $75.00. WBgYBM, Klaus 
Spies, 8502 Oketo, Niles. Illinois 60648. THE GOOD SAM HAMS invite RV operators to check in the 

Good Sam Ham net 14.240i Sundays 19002 also 3.880i  
Tuesdays at 23592. Net control N5BDN. Clarksville. IN. 

SCHEMATIC: Radio receivers 1920's/60's. Send brand name. 
model No.. SASE. Scaramella. PO Box 1, Woonsocket, Rl 
02895-0001 

OHIO: Marion Amateur Radio Club's I l t h  annual "Heart of 
Ohio" Ham Fiesta, Sunday, October 27, 0800 to 1800 hours, 
Marion County Fairgrounds Coliseum. Tickets $3.00/advance. 
$4.00/door. Tables $5.00. Check in on 146.52 or 147.90130. 
For information, tickets or tables: Ed Margraff. KOBOC, 1989 
Weiss Avenue. Marion, Ohio 43302. (614) 382-2608. 

ALABAMA: S.P.A.R.C. ts l  annual Swapmeet and Packet ex- 
hibit. Lee County Fairgrounds. US 431, October 19, 
OpelikaIAuburn. 10 AM to 5 PM. Spaces $5.00 per vehicle 
advance: $7.00/gate. $1.00 ate donation. Free parking. 
Packet demonstrations by ~ob%c~wier .  N4HY. Reservations 
contact: Ray. PO Box 2423. Opelika, AL 366032423. For in- 
formation call Ray (205) 7452838, Gene (205) 8218010, Dan- 
ny (205) 745-7455. Talk in on 147.06166. 

ELECTRON TUBES - Radio 8 TV types 75% off list price 
- huge inventory! Also industrial types. Send for Free Catalog 
today or call Toll Free (800) 221-5802. Box HC. 
Transleteronics, Inc., 1365 - 39th Street. Brooklyn, NY 
11218. See our display ad this issue. 

-- 
IMRA, International Mission Radio Assoc~ation helps mis- 
sionaries. Equipment loaned. Weekday net, 14.280 MHz. 2-3 
PM Eastern Eight hundred Amateurs in 40 countries. Brother 
Frey. 1 Pryer Manor Road. Larchmont. New York 10538. 

ELECTRON TUBES: Receiving, transmttting, microwave . . 
all types available. Lar e stock. Next day delivery, most 

cases. Daily Electronics. $0 Box 5029. Compton. CA 09224 
(213) 774-1255 

. -- - 

CHASSIS and cabinet kits. SASE K3IWK. 

CUSTOM MADE embroidered patches. Any size, shape. col- 
ors. Five patch min~mum. Free sample, prices and ordering 
information. Heln Specialties. Inc . Dept. 301. 4202 N. Drake. 
Chicago, IL 60618. 

CX7 REPAIRS. 415-549-9210 

LET THE WORLD KNOW what you would really rather be d e  
ing! Get your "I'd rather be DXing" bumper sticker with 
"Amateur Radio" written down the sides. Red and black, vinyl 
and removable. so it won't hurt your car. $2.00 plus 500 
postage to Bumper Sllcker, PO Box 6349. Evansville. IN 
47712. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo Austrla Canada 
Karln Ueber Send orders lo 
Postf8ch 2454 Ham Radlo Magazme 
0 7850 Loerrach ~ reenv~ l l e  NH 03048 USA 
West Germany PIICBS 8" Canadtan luodr 
Ham Radlo eelglum 1 yr $29 95 2 yrr $53 30 

Slereohouse 
3 y n  $75 40 

Br~s081sesteenw~ 416 
8 9218 Gent Ham Radio Italy 

Beqnvm V6a Pordenone I 7  
1 20132 Mllano 

Ham Radlo Holland Italy 
Postbus 413 
NL 7000 Ar Emmen nam Radlo Sw~tzerland 
Holland Karln Ueber 

Posttach 2454 
Ham Rado Europe 0 7850 Lmrrach 
BOX 2084 West Germany 
S 194 02 Upplands Vasby 
Sweden Ham Radlo England 

Ham Radm France d o R S G B  

SM Electronl~ Alma House 

20 bas Ave des Clarions Craoborne Road 
F 8 m  Auxsrre Potters Bar 

France Hsrtr EN6 U W  
England 

Ham Redlo Germany 
Karln Ueber Holland Radlo 
Pmllach 2454 143 Greenway 
0 7850 Lmrrach Greenstde Johannesburg 
West Germany RBPU~I~C of South Alllca 

PENNSYLVANIA: RF Hill ARC'S 9th annual Hamfest. Sun- 
day, October 29. Pennsylvania National Guard Armory. Rl. 
152 Sellersville. Indoor ($8) and tailgatin $8) space available. 
seliers set 6 AM. Buyers admitted 8 Ahf (Tickets $3.00. Non- 
ham spouses and children free. For !ndoor spaces call 
WB3AIG (215 8744800. ext. 515. Ta~lgat~ng space first come. 
firstserved. Salk in on 144.711145.31. 146.28188end 146.52. - 
TENNESSEE: The 7th annual Amateur Radio and Computer 
Convention, October 26 and 27, new Convention and Trade 
Center, Chattanooga. Free admission. Ail indoors. VE exams 
both days. 8' flea market tables Wlday: 0101both days. Power 
$5 extra. Talk in on 146.191.79, For information: Hamfest Chat- 
tanooga, PO Box 3377, Chattanooga, TN 37404 or call Nita 
Morgan, N4DON 1404) 820-M65. 

FLORIDA: The 10th annual South Florida ARRL Suncoast Con- 
vention. October 12 and 13. National Guard Armory. St. 
Petersburg. Note new location: QCWA luncheon Saturday. Luau 
Saturday night and Ladies' luncheon Sunday. Special 
demonstration on packet radio for beginners and advanced 
operators. VE exams Saturday morning. Registration $3.00. 
$4.00/door. For tickets and hotel rooms: FGCARC, 1556-56th 
Avenue N, St. Petenburg. FL 33703. Checks payable to 
FGCARC. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal index. 
PO Box RY, Cardiff, CA 92007. 

-. . 

TRS-80 Model lllllllV owners. HF antenna design program 
calculated dimensions for dipole. yagi, and quad antennas. 
$14.95 (cassette) + $2.00 s8h to Cynwyn. Dept H, 4791 
Broadway. Suite 2F. New York. NY 10034. 

OLD RADIO transcription discs wanted. Any stre, speed 
WFIZ. Box 724 HA, Redmond. WA 98073-0724. 

RUBBER STAMPS: 3 lhnes $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way. San Diego. CA 92117. SASE 
brings information. 

-- 
RF DESIGN PROGRAM calculates stability, gain, noise figure 
circles, and more. For C-64 and IBM-PC. $29.95. Jim Allyn. 
N7JA. 7000 Litchford Road. 126. Raleigh. NC 27609. 

MINNESOTA: Hamfest Minnesota and computer Expo, spon- 
sored by the Twtn City FM Club. November 2. Rtch leld Hlgh 
School. 7001 Harriet Avenue S. 8 AM to 3 PM. Admission 
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$3,00/advance; $4.00/door. FCC exams, giant indoor flea 
market. Talk in on 16/76. For information: Clyde R. Green. 
NODVP, 5406 Zealand Avenue N.. New Hope. MN 55428 or 
Twin City FM Club. Box 555. M~nneapolis. MN 55440. 

MASSACHUSETTS: Giant electronics auction sponsored by 
the Hampden Counly Radio Association, November 1, 
Granger School. Feeding Hills starting 720 PM. Sponsor takes 
10% commission on all sales. Proceeds benefit club orolects 
lncludlng bulldlng an emergency communlcatlons sysieni No 
admlss~on charge Publlc ~nvlted Refreshments avallable For 
lnformatlon Ron Beauchemln (413) 739 5228 

TEXAS: The Austin Amateur Radio Club's Fall Swapfest, Oc- 
tober 19.8 AM to 1 PM, Manchaca Fire Hall. Manchaca. Farm 
Road 1626 west of IH-35. Covered and open-air spaces. Sellers 
may bring own tables. Indoor tables $2.00 each, first come, first 
served Dealers welcome. Admiss~on is free. Talk in on 
146.191.79or 16.341.94. For information: Jim Strohm, KAWXC, 
1743 Cricket Hollow Drive. Austin. TX 78758. 15121 837-5423 or 
837-4352. SASE for map and information. 

TENNESSEE: The 5th annual Trl-Cltles Hamlest sponsored 
bv the Johnson Clty and Klngsport Amateur Radlo Clubs. Oc- 
tober 19. Appalachian Fairgrounds. Gray. Forums, dealers, 
flea market and RV hookups. For information: Trl-Clties 
Hamfest. PO Box 3682 CRS. Johnson Citv. TN 37601 

MICHIGAN: 3rd annual HamfesUElectron~c Flea Market. Oc- 

Lake Street. Kalamazw. MI 49001 

GEORGIA. Rome Hamfest sponsored by the Coosa Valley 
ARC. Sunday. Octobr 6, Rome Civic Center. GA Highway 
20. Admission free. Homemade Bar-B-Cue and stew. Camper 
parking available, no hookups. Inside tables $5, outside $3. 
Fun for the whole family. Talk in on 147.900/300. Contact Bud- 
dy Waller, N04U. 24 Wellington Way, SE Rome, Georg~a 
30161. (404) 235-5417. 

NEW HAMPSHIRE: Hosstraders annual Fall tailgate swaptest. 
Saturday. October 5, Deertield Campgrounds. Donation $2 
per person sellers included. Profits benefit Shriners' Boston 
Burns Center. Our May Swapfesl gave $6.960. Friday night 
camping at nominal fee after 4 PM. Talk-in on .52 and 
146.40147.00. For information SASE to Norm. WAl IVB. RFD 
Box 57. West Baldwin. ME 04091. 

OPERATING EVENTS 
"Things to do . . ." 

October 12: Hermiston Amateur Radio Club's KD7LC will be 
on the air 1800-01002 and 1800.22002, October 13 to com- 
merate the 104th annlversary of Lewls and Clark's vls~l to Hat 
Rock To receive specla1 cerhttcate send 9x12 SASE to HARC. 
PO Box 962 Hermlston. OR 97838 November 10 In obser- 
vance of veterans' ~eek,members of the Hamfesters ~ a d i o  
Club, Chicago, will operate from the Robert K. Wade (KSCDH) 
Memorial Ham Shack. Hines VA Hospital using Me Hines Club 
call KSWFN. 15002 to 03002. 40, 20, 2m FM. 2m USB. For 
a certificate, send QSL and 9x12 SASE to Hamfesters 
RadioClub, Inc., Chicago, c/o Robert K. Wade Memorial Ham 
Shack. Hines VA Hospital. Hines. Illinois 60141. 

October 12: Members of the Capeway Radio Club will com- 
memorate the 350th anniversary of Plymouth County (Mass) 
from October to October 20. For a certificate send a large 
SASE with 39 cents postage and OSL to: Ray Win, WAIOWO. 
62 Caldwell St.. No. Weymouth. Mass. 02191 

October 5: A special event station. KN5D, will operate from 
the annual International Hot Air Balloon Fiesta. Albuquerque. 
New Mexico. October 5 through October 13. Also a gateway 
station through Oscar 10, conditions permitting. OSL to KN5D. 
PO BOX 997. Corrales. NM 87048. 

October 2 7  Laurel ARC will operate speclal event stallon 
W3DOI. 15002 to 22302 lo help celebrate the annlversary ol  
the restoratton of the Montpelier Cultural Arts Center of Mont 
peller Mans~on In hlstorlc Laurel. MD 8x1 1 cert~f~cate lor 
SASE OSL to LARC. PO Box 91, Anna~olls Junctlon. MD 

October 15: The Colauitt Countv Ham Radio Societv will 
merate club station WD~KOW from the site of the 8th annual 
sunbelt A icultural ~xpos~ i~on  October 15. 16 and 17 0900 
to 1700 &ST each day The Sinbelt Expo 1s at the Spence 
Fleld Alrbase, near Moultr~e. Georg~a A specla1 OSL card 8s 
avallable lor those maklng contact and send~ng a SASE 

October 19: JOTA - Scouts 28th annual Jamboree on the 
Air Look for K2BSA, the BSA head uarters station in Dallas. 
Texas end HBSS, the World %xn~t HeadquaRWS in 
Switzerland and other special call signs from many countries. 
Requests for certificates should go to Jamboree on the Air. 
1325 Walnut Hill Lane. Irving, TX 75038 with large SASE. En- 
courage scouts in Amateur Radlo. - 
Octokr 26: The St. Peters. MO. ARC will operate 17002 Oc- 
tober 26 to 17002 October 27 from the Daniel Boone Home, 
Femme Osage Valley. St. Charles County, to commemorate 
where Boon spent the last two decades of his life. Listen for 
KBOJ. Certificate via Bob Goin. KAOIKU. 31 12 Powder Horn 
Trail. St. Charles. MO 63301 

AEA MORSE UNIVERSITY Qla J 
THE SKEPTICAL CONSUMER'S 

Contains . C-64 code training cartridge software package GUIDE TO USED COMPUTERS 
(no dlsk or cassette necesssary). 

ARRL's Tune In The World With Ham Radio 
by Ed Kahn and Charles Seiter 

Great NEW wav to studv for vour Nov~ce L~cense! There are three reasons for selling a computer. (1) The 

This brand new package contains all one needs to learn h e  code 
and theory for the Novice class Radio Amateur exam. Basic 
code is taught using a character by character teaching routine. 
Practice can be either with individual letters or in groups of up 
to nine characters. Proficiency is developed through practice 
sessions that can be: progressively speeded up dur~ng the ses- 
sion, either random characters or five letter groups, Farnswprth 
(high speed characters, slow spacing) or slow speed sending. 
AEA has incorported a video game to make the code learn~ng 

owner is trading up; (2) the owner is not really interested 
in computing; (3) the machine is a dud. This book will help 
you buy a used computer that will meet your computing 
needs and will keep, you from buying someone,else's white 
elephant. Full descr~ptlons of the various machines' 
strengths and weaknesses are given with recommendations 
on which computers to buy and which mach~nes to stay 
away from. 01985 1st Edition 200 pages. 

OTP-SC Softbound $9.95 
process even more fun. You can also enter text from the 
keyboard for "customized" practice sessions or as an example COMPUTER WIMP 
of how code should sound. An analysis routine is included so 
that the comouter can check one's oroaress ~n learnma the by John Bean 
code. ARRL ~ u n e  In The World booklet kill give you ali you 
need to know to pass the Novice theory and regulations Exam. 
Great state-of-the-art teachma dev~ce. Sure to be a h ~ t  this fall. 
Get one now. It's a great holiday season gift! 

OAEA-MU (For C-64) $39.95 

COMMUNICATIONS SATELLITES 
by Larry Van Horn 

"166 thinqs I wish I had known before I bought my first 
computer. ' Based upon ten years of often frustrating ex- 
perience, this light-hearted, text is designed to help you 
learn about computers and to make intelligent decisions 
about their purchase. Author Bean first examlnes common 
p~tfalls about purchasing a computer. He then examines 
warrantees, how to deal rationally with malfunct~ons, how to 
buy by mall, how to talk "technobabble" or computerese. 
how to avoid comouter ohobia, aames, sofhvare Diracv and . . I Hens  the most exhaustive text ever written about com much more. 1st ~dition.285 pa&s 81983 

munications satellites! Easv-to-read text alona with olentv OTP-CW Softbound 39.95 
of pictures and illustrations make thls new biok a veritable 
gold mine of information. Nine chapters include: OSCAR. 
weather, domestic and international communications 
satellites. DBS, space shuttle, U.S. Military and space 
su~elllance systems and Soviet Space program. Also in- 
cluded are four appendices on satelllte frequency cross 
references, satell~te compendium, current geostationary 
satellites and a biblioaraohv. Must readina for all satelllte 
users. 01985 1st edhio'n 216 pages. 

- 
OGE-CS Softbound $12.95 

ARRL Q&A LICENSE MANUALS 
ALL LICENSE CLASSES NOW 
AVAILABLE! 
AARL Q&A Llcense Manuals are keyed to the latest FCC 
Exam syllabi now in use by the Volunteer Examiners. 
These books are written in an easy-to-read converstional 
style that enhances understanding without scarlng the stu- 
dent away. All technical subject areas are explained ~n clear 
terminology and with plenty of illustralions, diagrams and 
schematics. Rules are also fully covered. Each book has 
the official ARRL multiple choice question Pool w~th 
answers and a key to the FCC Exam syllabus for reference 
to other study publications. These are the study guides to 
have. All books el1985 1st Edit~ons. 

OAR-TG General Soft bound $5.00 
OAR-AG Advanced Softbound $5.00 
OAR-EG Extra Softbound $5.00 

ARRL OPERATING MANUAL 
Brand New 2nd edition. Just releasd and fully revised! This 
book tells you all about how to operate your station. 
Message handling, emergenc traffic, tips for successful 
contFsting and ?X'ing are fuiy,covered as well as ney 
sections on d~g~tal cornmunlcatlons and satellite operation. 
The reference section has been reatly expanded to include 
many new entries. 01985 2nd fdition. 

AR-OG Softbound $5.00 

ANTENNA COMPENDIUM 
edited by ARRL Staff 

Th~s book has more than 20 antenna articles that have 
never been oublished before. Sub~ects covered include. 
~ u a d s - ~ a g k  Phased Arrays, ~ o g  Periodics, Subsurface 
~ntennas. "the Old Spruce Antenna", as well as discus- 
sions on Smith Charts, antenna design, the GSRV multi- 
band antenna and antenna polarlzatlon Great summer 
readtno and full of Ideas for Fall '85 antenna ~roiects . . 
01985. 1st Edition. 

AR-AC Softbound $9.95 

SOFTWARE FOR AMATEUR RADIO 
by Joe Kasser, G3ZCZ 

Packed with practical computer applications and tested and 
debugged programs that can be adapted sim ly and easily 
to almost any microcomputer. You get BASI! programming 
concepts as well as how to interface your computer to 

radio. Programs include: digital communications 
TTY, Packet, computer aided deslgn and c~rcult analysis 

as well as data base programs for record keeping, logging. 
and awards. Easy-to-understand explanation of Baudot and 
ASCII codes and guidance on hardware dependent soft- 
ware. 01984 1st printing 284 pages. 

OT-1560 Softbound $15.95 

COMPUTER PROGRAMS FOR 
THE RADIO AMATEUR 

by Wayne Overbeck, NGNB, and Jim 
Steffen, KC6A 

Here's the best source book of computer programs for the 
Radio Amateur. Besides covering computer basics, th~s 
book gives you programs that will help you log, determine 
sunriselsunset times, track the Moon's oath across the 
sky, use Greyline propagation and set i p  record systems 
for WAS, DXCC and VUCC, or any other award. You can 
either buv the book alone or vou can buv the book with 
the progiams already on disk: Take full advantage of your 
computer with this well written source book. 01984, 1st 
edition. 327 pages. 

Program Lbtlng 
Data Basa Mgmt. 
Logs, Awards Data Base. Gridlocator 
Latitudellongitude Programs 
Data File. Beamheadings, DX Display, Sunrise Chart. 
Greyline, DX Checker 
contest and Duping 
Dupechecker, General Contest Logger, 
Field Day Logger, Sweepstakes Logger, Log Print 
Antenna Programs 
Antenna Scaler, Matching Evaluator, Vertical Pattern Plotter 
EME 
EME System Calculator. Sky Locator, Moontracker 

OHA-0657 Softbound $17.95 
OHA-0657 book with program disk $29.95 

specify computer (see list below) 

OProgram disk alone $19.95 
specify computer (see list below) 

Programs available for: Apple II (DOS 3.3). IBM PC-DDS. 
TRS-80 Model I and Model Ill and Commodore C-64. 
Please mark your order with the program disk you want. 

Please add $3.50 shipping and handling. 
Phone orders 8:00 a.m. to 4:30 p.m. EST 
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OF SPECIALIZED 
L A COMMUNICATIONS! 

1 Thousands of "Ham Radio'' 
operators across the country 
are enjoying "Specialized 
Communicat ions" modes. 
Whether It's FSTV, SSTV, FAX, 
OSCAR, EME, RTTY, PACKET 
or COMPUTERS, today's Radio 
Amateur is a highly skilled 
Communications Specialist! 

Providing ful l ,  in-depth 
coverage of these modes is our 
business and we've been d e  
ing i t  now for over 19 years! 
And now we're expanding! 

Iowa Residents Must 
Add 4% Sales Tax. 

4% Added To All 
Charge Card Orders 

Now published "monthly" 10 times 
per year, SPEC-COM~U readers are kept 
up-ledate in  a world of fast moving 
modern technology. 

Why not give us a try? Back issue 
samples are available for just 52.00 ppd. 
(Master Article Indexes add $1 .OO). 

Special Six Month Trial Subscription 
-51 0.00. U.S.ICanadalMexlco Annual 
Subscription $20.00. (Foreign Subscrip- 
tions slightly higher). 

SPEC-COM'" 
Amateur Radio Specialized 

Communication Journal 
P.O. Box H 

Lowden, Iowa 52255 
(319) 944-7669 (Membership Services) 

AMECO 
STUDY GUIDES 

ice, General, Advanced and Extra 
AMECO study guides are taken from the FCC Amateur Exam syllabus, PR 1035A and have 
answers keyed to the ARRL's recently released study mater~al. These study guides are com- 
patable with ARRL and all other VEC exams. While nothing can guarantee that you w~ l l  
pass, AMECO study guides will make sure that you are fully prepared and ready-to-go when 
you sit for the exam. 
Each study guide has been written in a clear, precise easy-to-read format. Each question 
is fully explained. For subjects that need a more complete explanation, AMECO has cross 
referenced the Novice and General Class study guides with AMECO's AMATEUR RADIO 
THEORY COURSE, 102-01. 
27-01 Novice Class Softbound $2.95 
12-01 General Class Softbound $4.95 
26-01 Advanced Class Softbound $4.95 
17-01 Extra Class Softbound $4.95 
23-01 Novice Class Theory Course Softbound $4.95 
102-01 Amateur Radio Theory Course Softbound $6.95 
Order today1 Get yourself ready to upgrade with AMECO Study guides. 

Please enclose $3 50 per order for sh~pp~ng and handl~ng 

ham riadio,,~ 
GREENVILLE, NH 03048 

BOOKs"roRE (603) 878-1441 

ANTENNA SALE 
HYGAl TOWERS 
~ ~ 3 7 ~ 2  . . . . . . . . . . . . . . . . . .  C 
HG52SS . . . . . . . . . . . . . . . . . .  A 
HG54HD . . . . . . . . . . . . . . . . . .  L 
HG70HD . . . . . . . . . . . . . . . . . .  L 

SHCRAFT 
205 OC 

KLM 
KT34A.. . . . . . . . . . . . . . . . . . . .  329.00 
KT34XA . . . . . . . . . . . . . . . . . . .  475.00 

iUSTLER 
?5O/o OFF ALL MOBILE 
3BTV . . . . . . . . . . . . . . . . . . . . . .  125.00 

tOTATORS 
,D45. . . . . . . . . . . . . . . . . . . . . .  139.00 
+AM IV. .  . . . . . . . . . . . . . . . . . .  228.00 
r2x . . . . . . . . . . . . . . . . . . . . . . .  275.00 
lVANTl 2M . . . . . . . . . . . . . . . .  29 95 
41-0 BALUN 9 95 



RF effects - the 
good and the bad 

We're all familiar with the conven- 
ient way in which microwave ovens 
quickly cook even large pieces of food. 
A little closer look at our friendly oven 
will reveal that considerable effort has 
gone into making sure that the micro- 
wave radiation doesn't leak out, and 
that the unit won't operate unless the 
door is closed and locked. There's 
good reason for this - human tissue 
is very sensitive to radiation, and the 
effects are cumulative. 

The American National Standards 
Institute (ANSI) has developed a 
"whole-body" standard for human ex- 
posure to radiation (fig. 1). 

There is not general agreement on 
the levels set in the ANSl standard, 
and these levels have not been 
adopted by the Environmental Protec- 
tion Agency. Several countries have 
standards which are considerably more 
restrictive than ANSI's, and some per- 

mit levels of only 1110th the U.S. 
amount. This lack of agreement only 
serves to emphasize that one should 
err on the side of conservatism in such 
a critical area. 

It's important to note that the most 
dangerous frequency ranges include 
the Amateur bands from about 10 
meters through 450 MHz, and that 
some parts of the body are more sen- 
sitive than others. Human eyes, for ex- 
ample, are several times more sensitive 
to RF than limbs. It would be wise for 
Amateurs who use handheld trans- 
ceivers in the VHFIUHF region to 
make sure that their antennas are 
pointed well away from their faces 
when transmitting. Separate antennas 
are safest for power levels greater than 
3 to 5 watts. 

Similarly, care should be taken 
when sending high power to antennas 
mounted directly on the roof of a 
house; the field strength inside the 
house can easily exceed the ANSl 
limits. Never stand directly in front of 

a high gain VHFIUHF or microwave 
antenna when applying any appreci- 
able power. 

There are positive uses for the appli- 
cation of RF energy to the human 
body, however. Considerable work is 
being done to examine the therapeutic 
effects of various RF fields. The results 
are encouraging. Both thermal and 
non-thermal effects have been ob- 
served to diminish or eliminate tumors, 
and pulsed RF can enhance bone 
growth in the healing of fractures. Ex- 
periments in the 30 MHz region have 
shown that nerves and related tissues 
can actually regenerate when exposed 
to levels of about 50 mW/cmz - much 
higher than the ANSl whole-body 
standard. 

It would appear that RF is like many 
of the chemicalsour body needs. Deliv- 
ered in just the right quantity, at just the 
right rate, they make us healthy. Mis- 
used, they can be dangerous. 

solar cells achieve 
high efficiencies 

- 
- 

We all know that solar cells make 
fine power sources for calculators and 
NASA vehicles. But we may soon rea- 
lize a wider range of benefits from 
these long-touted devices. Tests at 
Sandia National Laboratories in New 
Mexico have confirmed that high tem- 
perature gallium arsenide cells can 
yield efficiencies of over 25 percent. 
Silicon cells housed in concentrators 
that focus light on the cell surface have 
demonstrated conversion efficiencies 
of 17 percent, with prospects for im- 
provement of another 1 to 2 percent 
in the near future. The cost of the 
overall cell-lens assemblies is still high 
- nearly SlOIwatt in small quantities. 
However, with such significant im- 
provements in efficiency, researchers 
can soon concentrate on ways to 
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reduce costs and contemplate true 
commercialization of solar electric 
panels. 

right on 
The stirring vision of a pilot in the 

cockpit with a silk scarf, goggles, and 
only a compass to guide him, long ago 
gave way to an image of a much 
calmer environment, complete with 
autopilot. Then about 20 years ago the 
autopilot began to be replaced - on 
long flights - with inertial navigation 
systems (INS) offering typical errors of 
less than one degreelhour of drift. 

Continued improvements have 
brought us to the point of laser beams 
illuminating reflective spheres only a 
few microns in diameter, as the main 
inertial element in a gyro. These little 
spheres spin at more than 200,000 
RPM, which means that they don't 
drift much with time. Complex elec- 
tronics keep track of the exact position 
of the sphere and correct the overall 
gyro accuracy by a position fix against 
a GPS (Global Positioning Satellite]. 
The resulting navigation system per- 
mits flying intercontinental distances 
with only a few hundred meters of total 
course error. To top it off, laser gyros 
on a chip are expected to be available 
in 1988-89. 

Now, imagine a modern Robin Hood 
with his sheaf of "smart" arrows - 

laser guided and microcomputer con- 
trolled, each with a memory for its 
specific target: deer, fox, rabbit . . . 
and so on. He wouldn't even have to 
shoot the arrows - just throw 'em - 
by the handful! What hath technology 
wrought? 

ham radio 

Invitation to Authors 

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

*A patch should work with any 
radio. AM, FM, ACSB, relay 
switched or synthesized. 
Patch performance should not 
be dependent on the TIR speed 
of your radio. 
Your patch should sound just 
like your home phone. 

*There should not be any sam- 
pling noises to distract you and 
rob important syllables. The 
best phone patches do not use 
the'cheap sampling method. 
(Did you know that the competi. 
tion uses VOX rather than 
sampling in their $1000 com- 
mercial model?) 
A patch should disconnect 
automatically if the number 
dialed is busy. 
A patch should be flexible. You 
should be able to use it 
simplex, repeater aided simplex 
or semiduplex. 
A patch should allow you to 
manually connect any mobile or 
HT on your local repeater to the 
phone system for a fully 
automatic conversation. Some- 
one may need to report an 
emergency! 
A patch should not become er- 
ratic when the mobile is noisy. 

*You should be able to use a 
power amplifier on your base to 
extend range. 

*You should be able to connect 
a patch to the MIC and UCT. 
speaker jack of your radio for a 
quick and effortless interface. 

*You should be able to connect 
a patch to three points inside 
your radio (VOL high side, PlT, 
MIC) so that the patch does not 
interfere with the use of the 
radio and the VOL and SO. set- 
tings do not affect the patch. I *A patch should have MOV 
lightning protectors. 

*Your patch should be made in 
the USA where consultation 
and factory service are immed- 
iately available. 

ONLY 
PRIVATE PATCH Ill 

GIVES YOU ALL 
OF THE ABOVE 

BEWARE OF INFERIOR 
IMITATIONS . 

PRIVATE PATCH Ill 
F - SIMPLEX SEMI-DUPLEX INTERCONNECT 

Wfh an amazinal!f low price, the all new PRIVATE PATCH 1 1 1  i s  the most  
u o ~ ~ ~ e ~ u l  persar??! phone patch system available. You can use it 
simnlex. renoatsr aided simplex (from your base) or semi-duplex (at the 

. ,.. 
repeater). npt's riqbf, you will never have to buy  anot9er patch. 
Po!:',4iC PP,TCtl I I I  does i !  all! There are many new and important 
Fmt~rres w~hich \?;"re formerly only available in our top commercial 
POTIDIS. 

With a flick of the new connect switch you can patch your friends on the repeater into 
the phone system. One of them may need to report an emergency! 
No hassles with busy signals! If you call a number that is busy, just put your MIC down 
and relax. PRIVATE PATCH Ill will disconnect automatically. 
The new CW ID keeps you completely informed as to patch status. ID occurs when you 
access and again when you disconnect. ID is also sent after toll call attempts, all 
automatic disconnects, manual disconnect and when timeout is imminent. And of 
course your CW ID chip is free. 
PRIVATE PATCH Ill does not interfere with the normal use of your base radio. A new 
audio preamp permits audio take off before the VOL control. As a result, the VOL and 
squelch settings do not affect patch operation. Of course you can also connect 
PRIVATE PATCH Ill to the MIC and EXT speaker jacks as before. 
A new digit counting system makes the toll restrict positive even in areas where you do 
not have to dial "I" first. A secret five digit code disables the toll restrict for one toll call. 
Rearm is automatic. 
Additional new features: MOV lightning protection - Three digit access code (eg.*93) 
- Spare relay position on board - Plus former features: 316 minute timeout timer - 
Digital fast VOX (pat. pend.) - 115 VAC supply - Modular Jack and cord plus 
much more! 
Please write or call for our four page brochure to get the complete story. 

Options: 
FCC approved coupler 
12 VDC or 230 VAC power 

Warranty? Yes, one full year! 

DEALERS 

AMATEUR ELECTRONIC SUPPLY JUNS ELECTRONICS 
MI *auk- WI W#ckl#lfe Oh. Culver Ctty CA. Reno NV 

Ofland0 FL Clearwatw FL. RADK) CENTER CORP 
Las Vegas NV Mzamn F. 

CoMMUNICAmNS MIKES ELECTRONICS 
San Anlonoo TX Ft buderdale. M~aml FL 

COMMUNICAmNS NhG DISTRIBUTING CORP. 
Chacaao IL Mnama F. 

HAM RADIO OUTLET PACE ENGINEERING 
Ananelm CA. B~rlongame CA. T.cson /U 
Oakland CA. Phoen x /\L 
San D ~ g o  CA. van kvys CA THE HAM STATION 

HFNRV RAnKI  
Evansr~llp N . -. . . . . . - .- . - 

Los Angeles CA. Anahelm CA. CANAD& 
Butler MO DOLLARD ELECTRONICS 

Vancouver. BC 

CONNECT (213) 3736833 Y 203 

SYSTEMS 
INCORPORATED 23731 Madison St., Torrance, CA 90505 



The DX is better out here 
Ask anyone who owns an FT-726R. 

- 
I t 5  l r u r '  L~cli.lng up t CISCAR 10 1s opt~onal moc~u l~ ;  one fc)r. 43i~MHz pushbutton transfer. c,~p.lli~llty t i ,  

the onr. WI-c w,~y to 1 1 1  111g thy wor.ld operat~on, anoth*?~. (01- closs-hand e~ther of twci VFO ~(,~'.I:'IJ Arid 
lrrt i ,  youl- li.~rn st1,~ck No mattel- duplex. ver.c,al~lc \c,innrnl; li~rictlc~~n:. you d 
wtlr't~' your. ih.~ck 1s You i<ln ,>el ILO your ealth star~cin cxp~ct (1-om ,I Y1:loo ~atlro 

FT-R6R ownerr know You'll find just about .~nvwiirr-tl All you need Flr~~s p u  ~t .1 I c ~ t  mot-(. extr-:IS 
tlirnl wor-k~ng thr world (I-om ~ ~ P I I -  IS t h ~  726 ~ n d  two Y3g1 antennas, ~ncludrng built-~n s p ~ .  81:h pmcrisor: 
,~p,i~~nicnts Att~cs And fr-om therr- 435-MHz for- tr,ir~\mrt '~nd 2-meters all-rnorli, sql~clch ,~nd .i noise blanker- 
antenna-I-estr-lcted nerghbo~rhmds for. recelv? So no matter- wtitn? your shark 

They'll even bo& of .I s~gnal Even ~s . I  cc~r~vent~onal base IS, let fiestl's rT-72hK ~rtlnduce you 
c~u~lrty and DX potent~al that would statton. the Fr72t R 1s .I real standout to OSCAR 10 Thc' wcil~ll! rr w<I~t~ng 
m,li.e my 20-mrtet- opelator envlous. Ku can ( h a  IV= from t h r ~ e  oper-~t- 
R~p,lrdlesc ol where we ale In the Ing modes SSB. FM 01- CW Expand 
sunipnt cytl? to thr~e-band op?rat~on wlth youl- 

In (.let, the FT-726R is the wol-Id's cholce ol option~l modules fbl- 10 
rnc~,,t popul,~~. 11nL to OSCAR 10.  meter^, 6 rnc,te~*. 430-440 MHz N < ' , ' i V ~ i t i ~ ! ~ ,  i~i,, I ~ I  : I ) , , ,  , : , I  8 , ' . , ' v J ; > ~  

And br- ypoci r-r>.3<ori Tht< and 440-450 Mkl: (&;I;) I)<~,~.II IL); 

2-rr~ett:r: 10-w<1n r.lg ~ I V P S  p u  full Then s t ~ m  yc)ur- prefer-1-ed fip- mu cincinnati service center 
rrosc-b,tnd duplex capab~l- cluencles ancl mc~ties ~n to  tlie eleven r~~ I?[) $;,,I,I I:I,I I ,! ,VI. I I t t ~ , , ~ ~ , . ~ r l  (111 t 4WiI  

IIV Slrnply plttg ~n two memor-les fc)~ lrl!!.lrlt r~call With [ c , ~  I , )  !J,/+ J,lOO 

fl 205 Prices and rpec~ficat~ons subject to change w~rhout notlce 
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The new TS-940s is a serious radio 
for the serious operator. Superb 
interference reduction circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design to give you no-nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi-function LCD sub display 
graphically illustrates VBT, SSB 
slope, and other features. 

, . 
,.I, 

Super efficient cool~ng system using 
spec~al nlr ducting works w~th  the inter- 
n;jl heavy-duly power supply to allow 
continuous transm~sslon at full power 
output for periods exceeding one hour. 

" Fri,or,-41,11n-i!,,.. , . .  , , , : . , , I < , ,  

,., . ' . . '  , , .. . . , 

Kenwoori s unique transmitter des~gn 
dellvers top "qual~ty Kenwoorl" soc~nd. 

C ' ,  I,.. ..., . , :  ' i  ' , . 1 . .  . 
. 1 ,  1 

Operat~n(~ frequencies may be directly 
entered 1r1to the TS-940s w~thout uslng 
the VFO knob. 

.. . . 1 '  t-':. 

Exciu~ive rnultl-func1101~ 
LCD sub-'isplay panel 
shows CVJ VBT. SSB slope 
tuning, as well ;IS fre- 
quenc y. t i : ~ i ~ ~ ,  and AT~940 
antenna t~lrler status. 

^ , - . : - "  I , ,  . , 

Remove "rotten ORM" with 
the SC;B slope tuning. CW 
VBT, notclt I~lter. AF tune. 
and CW p~tch controls. - , ,  

I3p'ion;*l acresscrr lpq- 

AT-940 full range (160-10 rn) automatic 
antenna turier SP-940 external 
speaker w ~ l h  audio fllterlng YG-455C-1 
(500 HZ). YG-'155CN-1 (250 HZ). 
YK-88C-1 (500 Hz) CW filters: 
YK-88A-1 (6 kHz) AM f~lter VS-I volce 
synthes~zer SO-1 temperature 

compensated crystal 
osc~llntor MC-42s UP1 
DOWN hand mlc. 

MC-GOA, MC-80, MC-85 
deluxe base statlon rnlcs. 

PC-lA phone patch 
TL- 922A lhnear arnpl~f~er 
SM-220 stallon mon~tor 
US-8 pan rl~splay 
SW-200A and 

SW-2000 SWR and 
power meters. 
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