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Ultra Compact 
The new ICOM IC-735 is  what 

you've been asking for ... the most corn 
pact and advanced full-featured HF 
transceiver with general coverage receiwr 
on the market. Measuring only 3.7 inches 
high by 9.5 inches wide by9 inches deep, 
the IC-735 is well sulted for mobile. 
marine or base station operation. 

Sunerior 
It's a high performer on all the han 

bands, and as a general coverage re- 
ceiver, the IC-735 is exceptional. The 
IC-735 has a built-in receiver attenuata 
preamp and noise blanker t o  enhancc 
receiver performance. PLUS it has a 
105dB dynamic range and a new low 
noise phase locked loop for extremei) 
quiet rock-solid reception. 

'a .. ., n t._ 
The large LCD readout ar 
~niently located controls er ;y 
mation, even in the mobile mrmrnen l  
3ntrols which require rare adjustmen 
e placed behind a hatch ave r  on t h  
Int panel of the radio. VOX controk 
ic gain and other seldom used control 
e kept OL e! 
:cessi ble. 

~t of sight , butarei 

memories and lithium memory backup. 
program scan, memory scan, switchable 
AGC, automatic SSB selection by band, 
RF speech processor. 12V operation, 
continuouslv adiustable o u t ~ u t  Dower 

Optlons. A new line of accessorie See the lC-735 at your authorized 
is  available, including the AT-150 elec O M  dealer. For superior performance 
tronic, automatic antenna tuner and tt ~d innovatiw features at the right price 
switching PS-55 power supptv. The 3k at the ultra compact IC-72c 

up to 100 katt;, 100% duty'cycl'e and a IC-735 is also compatible wi 
deep tunable notch. ICOM's exlsting line 

ICOM America, Inc., 2380-116th Aw NI 
All rtnrd spKdRatlom a n  a@pommrr and IuOjrn to ch lngr  mlmut mtltr 

fh most I 
ccessorie 

WA 9800 
All ICOM rzOl 

D m .  Suit 
q l r t l o r n  lim 

e 307. Dallas. TX 7523' 
rtnq sp~raur nnhuom 73548 



ABOVE. 

Now Mobile 
Operators Can 
Enjoy An ?@pf/ 
Affordable JX, L .= . . 
Personal Phone 
Patch. . . 

I 
. .. 

W i l l i o ~ ~ l  an expensive - .. 
rryic,at6r. A I 

[Iring any FM Iranreiver . . - n  n . .  . ,  
r,7 . . as a h a w  station. ... 

I u 1 CI n i c i  1,- 
The secret is a SIMPLFX . . :I._ , . . I !  . . . . . .. . 
autopatch. The SMART 
PATCH. 

SMART PATCH 
Is Easy To Instau 
To install SMART PATCH. 
connect the n ~ ~ ~ l t i c o l ~ ~ r e d  
computer sq l r  rihhon cable 
to n ~ i c  audio. receiver 
discriminator. WT, and 
power. A modular phone 
cord is prnvidrd for ron- 
n e r t i ~ r ~ ~  to your phune sys- 
turn. Sound simple'? 
IT IS! 

How To Use 
SMART PATCH 
l'l,tcit~!] (I c~ t l l  is sinrple. 
SC>II<I your nrcpss code 
f r a~n~  your m ~ ~ h i l e  (exan>- 
ple: '73). This hrings up 
the Patch and y~ )u  will 
hear dial tone t ransmind 
from y ~ ~ u r  hasp staticrn. 
Since SMART PATCH is 
checking ahuot crnre per 
srcond tr, see if yo11 want 
to dial, al l  you have III do 
is key your tralismilter. 
thc*n dial the phone num- 
her. YOII will now hear 
the phr~ne ring and solve- 
nnc, answer. Since, thu vn- 
lianced control system of 
SMART PATCtf is con- 
stantly rhc#cking to see if  
yokt wish to talk, you need 
to simply key your trans- 
n~ i t t e r  and then talk. 
That's right. y r ~ u  simply 
key your transmitter to 
in te r r~~pt  the ~)lrune line. 
Tlre h a w  station auto- 
niatically stops transmit- 
ting after y ~ ~ u  key your 
mi r .  SMART PATCH d w s  
not rrquirr any special 
tone equipment to control 
your hase station. I t  M m -  
ples very high frequency 
noise present at yllllr 
receivers discriminator to 
determine if  a n~oh i l r  is 
present. No wclr~ls or svlla- 
hles are wrr lost. 

SMART PATCH 
I s  All You Need 
To Automatically 
Patch Your Base 
Station To Your 
Phone Line. 
1 I\o SMART PATCH for: 

Mc~l>il<t lc~r renlote liase) 
to l i l~one line via Simplex 
hase. (5131. fig I .) 

Mc>hilv M ~ ) l ~ i l e  via in. 
l c ~ r c o ~ ~ n ~ ~ c t ~ ~ i l  II'ISC, sta- 
tiotis h ~ r  c-xtc~n~l~~cl range. 
(\,.,* fig. 2.) 

'fi4aphc~nv lint. to mohiir. 
IcBr rvmotr haw). 

SMART PATCH uses 
SIMPl.liX BASE STA- 
TION 1:QIJIPMliNT Use 
yl,ur clrdinaw hase sta- 
tion. SMART PATCH 
dovs this u.ithol~t i n t ~ r -  
fvring will1 tlie n ~ ~ r m a l  
IIW of your radio. 

W A R R A r n  
SI:S. I80 davs c r f  warran- 
ty protectinn. You simply 
can't gn wrrlng. 
An FCC type accepted 
coupler is available k ~ r  
SMART PATCH. 

Communications Electronics Specialties, Inc. 
l?O. Box 2930. W~ntvr  I'itrk. I'lt~rida 32790 
Telephone: (305) 645-0475 Or c a U  toll-hee (800)327-9956 



139 "Digital DX-terity. 

v ??-L w .L"* ,& 7 

Digital DX-terity-that outstanding 
attribute built into every Kenwood 
TS-430s lets you OSY from band to 
band, frequency to frequency and 
mode to mode with the speed and 
ease that will help you earn that 
dominant DX position from the 
shack or from the mobile! 

160 ttiro~~(lti 1 0  ri~c:tc'rs, ; I  wc:ll a:, t t i t !  

new30.17. and 12 rneter WARC bands. 
Hrgll dynam~c range, general coverage 
recelver tunes from 150 kHz to 30 MHz 
Easlly modrfred for HF MARS operat~on. 
S ( r r ~ r b  interference r ~ d l l ~ t i ~ n  
Elrm~nate ORM w~th  the IF shrft and 
tuneable notch f~lter. A nolse blanker 
supresses rgn~tron nolse. Squelch, RF 
attenuator, and RIT are also prov~ded. 
Opt onal IF f~lters may he added for 
optrrnum Interference reduct~on. 

m Rv!i:~h!r, nl! ~.n11(! : ' ; , t , -  i 

Solld state des~gn perm~ts Input power PS-430 corrlpi~i:t AC power supply 
of 250 watts PEP on SSB. 200 watts DC SP-430 external speaker MB-430 
on CW. 120 watts on FM (opt~onal), or mobile rnount~ng bracket *AT-130 
60 watts on AM. Final ampl~f~er protec- compact antenna tuner covers 80-10 
tton c~rci~l ts and a coolrng meters, incl. WARC bands 
fan are hu~lt-rn. AT-250 automat~c 

* h,lcmnry ct i :~ine!s.  antenna tuner covers 
Erght memory channels 10 meters, ~ n c l  WARC 
store frequency, mode ds AT-230 base 
and band data. Channel 8 atron antenna tuner 
may be programmed for FM-430 FM unit 
spl~t-frequency operation. YK-88C (500 Hz) or 
A front panel swltch YK-88CN (270 Hz) CW 
allows each memory rs YK-88SN (1.8 kHz) 
channel to operate as an ow SSB f~lter YK-88A 
independent VFO or as a (6 kHz) AM f~lter MC-42s 
f~xed frequency. A lrthium battery t);icks . U t '  DOWN hand mlc. MC-6OA 
up stored ~nformatron. deluxe desk mrc.. wtth UPIDOWN switch 
Programm?hle, multi-firnction scan. *SW-2000 SWRlpower meter 
S p e ~ c h  proci.ssor built-in. SW-100A SWRlpower/volt meter 
Trr~al dir:rt;rI VFOs. PC-IA phone patch HS-4. HS-5. - . -  ~ 

VOX c ~ r x ~ i t  r~ lus semi 

TRIO-KENWOOD COMMUNICATIONS 
1111 W'XSl Willllll+ S'f'lf.1 
Cnmlito~i. C:!l~lor,l~;i "1?2711 
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our own miniseries 
Anyone who watches TV has seen, I'm sure, at least one miniseries - be it The Thorn Birds, 
Wallenberg, or SPACE. Well, ham radio is pleased to bring you another. . . but with this one, hap- 
pily, you won't have to wait until the next evening to see the continuation. We call it "sources for 
everyone." 

Sources are popular items for Radio Amateurs. In fact, I defy you to show me a transmitter or 
transceiver that doesn't have at least one. In this issue we examine three different kinds of sources, 
each useful in its own way and each simple enough to be built by the "average" ham (whoever he 
may be). 

Our first source - described in A l  Helfrick's article, beginning on page 18 - answers the para- 
doxical question, What is rock-stable, yet varies in frequency? It's a voltage-controlled oscillator that 
uses a ceramic resonator for the frequency determining element. To say it's as stable as a crystal 
oscillator would be an exaggeration, but it does offer a significant improvement in stability over a 
conventional LC type device. Throw in the additional advantages of low microphonics, high Q, low 
cost in a small package, and you begin to get an idea of why both the author and I are interested 
in this device. Though it can be varied in frequency, its variation is limited by the series and parallel 
resonant frequencies of the resonator, which is about 7 percent. (Not bad considering the insignifi- 
cant frequency pulling capability of a crystal oscillator.) 

If we do need that high stability, Peter Bertini shows us how we can achieve it by using two crystal 
oscillators in a Colpitts configuration. The author, in designing BFO circuits, found an alternative to 
using expensive BFO crystals while still retaining the versatility of a variable BFO. In this application 
(a receiver BFO), very little frequency shift is needed, and it's nicely achieved by varying the voltage 
on the varactor elements. The difference frequency of the two crystals becomes the exact center 
of the variable frequency range needed. Tie that concept in with normal good oscillator design prac- 
tices and we're left with a useful circuit that's inexpensive and quite stable. 

The conclusion of this miniseries came out of a need for a simple and practical sweep generator 
that can be swept across a broad frequency range, yet still exhibit good linearity and constant out- 
put. From the Netherlands comes an article by Hans Evers, who discovered an old circuit - described 
perhaps for the first time - in a 1949 issue of Wireless World. The circuit, known as the Butler oscillator, 
is varied in frequency through control of an out-of-phase RF current that excites a (secondary) coil 
coupled to the main inductive element, thereby producing an effective turns cancellation. This cur- 
rent, in turn, is controlled through the unbalancing of a differential amplifier. All in all, an interesting 
technique. 

If you like this miniseries, let us know we'll be glad to bring you others. What subjects would you 
like us to cover? 

Rich Rosen, KZRR 
Editor-in-Chief 

4 June 1985 



NEW FaOM MFJ - 
MFJ'S MOST ADVANCED RTTY/ASCII/AMTOR/CW COMPUTER INTERFACE HAS FM, A M  
MODES, LED TUNING ARRAY, RS-232 INTERFACE, VARIABLE SHIFT TUNING, 170/850 HZ 
TRANSMIT, MARK-SPACE DETECTION. Has tront mnel sensitivitv control. 

MFJ RTTY/P.SCII/CW software on tape, cables for C-64/VIC-20. 
M FJ-1229 Englnwrlng, p r f o m  Tran:mlb on both 170 Hz and M4 Hz shlft. 

Inca, value and features Built-In RS-232 interlacs.no extra cost 
$ 1 79 95 sets MFJ s most advan- Variable shift tuning lets you copy any sh~ f i  

ced RTTY /ASC I I /  belween 100 and 1030 Hz and any speed (5-100 
~ h ~ o ~ / c w ~ o m p u t e r ~ n t e r f a c e a p a r t  fromothers WPM RTTYICW and up to 300 baud ASCII) 
FM (Ilmltlng) mode glves easy, trouble-tree oper- Push button for 170 Hz sh~ f l  

at~on Best for general use, oft-shtfl copy, drtft- Sharp multi-pole ma* and space filters glve 
~ n g  signal; and moderate Signal and ORM levels true mark space delectlon Ganged pots glve space 
AM (non-llmlting) mode gtves supertor per- passband tunlng wlth constant bandw~dth Factory 

tormance under weak Signal condltlons or when adlusted trlrn pots tor optlmum f~lter performance 
there are strong nearby statlons Multi-pole active lllters are used for p r e  
Crosshair mark-space LED tunlng array slmu- ltmtter mark space and post delect~on f~lter- 

lates scope ellipse lor easy, accurate tunlng Ing Has automatic threshold correctton Th~s 
even under poor signal-to-nolse condltlons Mark advanced destgn glves good copy under ORM. 
and space outputs for true scope tunlng weak s~qnals and selective fadlng 

MFJ MULTI-FUNCTION MFJ-lnl I MFJ ELECTRONIC KEYER 

. .. . 
Greatly Improve your RTTY wpylng upabllltle8. 
Add a crosshalr LED Tuning Indicator that makes 

tunlng qulck, easy with 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 sDace filters to imorove c o ~ v  under 
crowded/weak conditions. 170. 425. 850 HZ shifts. 
Add Normal/Reverse switch to check tor Inverted 
RTTY without retuning. Add output level controt 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 18 VDC or 110 
VAC with AC adaoter. MFJ-1312. $9.95. 

24/12 HOU'R CLOCK/ID TIMER 
Swihh to 24 hour UTC 

or 12 hour format1 Bat- 
MFJ-11 

tery backup. ID timer a- $19.95 

M F J M  Deluxe Els*mnle Keyor sends iambic. 
automatic. semi-auto or manual. Use squeeze, sln- 
gle lever or stralght key. Plus/minus keying. 810 50 
WPM. Speed, wetght, tone, volume controls. On/ 
Off. Tune, Semi-auto switches. Speaker. RF proof. 
7x2~6 inches. Uses 9 V battery. 6 9  VDC or 110 
VAC with AC adaoter. MFJ-1305. 59.95. 

-- 

Greatly lmprovss transmitted SSB speech for max- 
mum talk power. Evens out 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/otf/bypass 
switch. "On" LED. 7x26 inches. 9 V batterv. 12 

indicators. Grav/Black cabinet. 110 VAC. 60 Hz. I VDC or 110 vAC with adaQter, MFJ-1312, $k95. 

~ o r m a l l ~ ~ v s r s s  switch e1;rnlnales retunlng whlle 
checktnq lor lnverlec RTTY Speaker lack +250 
VUC IOOD OUfDUl 

Exar rmb sins wave g m m t o r  glves phase con- 
tinuous AFSK tones Standard 2125 Hz mark and 
2295/2975 Hz space. Microphone l~nes AFSK out. 
AFSK ground. PTT out and PTT ground. 

FSK kaylng for 1nn:celvnn wtth FSK Input 
Has sharp 800 Hz CW filter, plus and mlnus CW 

key~ng and external CW key jack. 
Kantronics sottwara compatible socket. 
Exclusivs TTVRS-232 general purpose sockat 

allows lnlerfaclng lo nearly any personal com- 
puter wlth most appropriate software Available 
TTL/RS-232 llnes RTTY demod out. CW demod 
out (TTL only). CW-ID ~ n .  RTTY ~ n .  PTT ~ n .  
key In. All stgnal llnes are buffered and can be ~ n -  
verled ustng an Internal DIP sw~tch. 

Metal cabinet. Brushed alumlnum tront 12l/zx 
2%x6 Inches 18 VOC or 110 VAC wlth opt~onal 
AC adapter. MFJ-1312. $9.95. 
Plugs between rig and C M .  VIC-20. Apple. TRS- 

80C. Aiar~,  TI-99 and other personal computers. 
Use MFJ. Kantronlcs. AEA and other RTTY/ 
ASCII/AMTOR/CW software 

MFJ ANTENNA BRIDGEMFJ-20" 
Trlm m r  anlonm for Dptlmum prr- 
fomunce quickly and easily. Read 
antenna resistance 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 brldge for me- 
ter null and read antenna resistance. 
Has frequency counter jack. Use as 
signal generator. Portable, self-con- 
talned. 4x2~2 in. 9 V oanery or 110 
VAC with adapter, MFJ-1312, $9.95. . 
MFJ PORTABLE ANTENNA- 
MFJ's Pwtlble Antenna lets you operate 40 30 

20 15 10 meters from apartments. motels. camp 
sttes, vacation spots nbariy any etectr~cally clear 
locatlon where space fdr a full stze antenna IS a 
problem 

watts PEP 

FJ 24 " O " LCD Lo KS Hug8 5/8 Inch ,Id black LCD numeral: make the, two 24 Hour clocks a must for your shack. Choose 
$19.95 $9.95 from adual clock that featuresseperate UTC and local time display or aslngle cloek that dlsplays 24 Hour time. 

MFJ-lm Mounted In a brushed alumlnum frame, these clocks feature huge 5/8 lnch LCD numerals and a sloped face for 
across the room viewing. Easy set month, day, hour, minute and second function. Clocks can be operated In an 

MFJ-107 
alternating time-date display mode. MFJ-108. 4%xlx2 inches; MFJ-107. 2'/1xlx2 inches. Battery Included. 

ORDER ANY PRODUCT FROM MFJ AND TRY IT-NO 
OBLIGATION. IF NOT DELIGHTED. RETURN WITH- 
IN30 DAYS FOR PROMPTREFUND (LESSSHIPPING) 

One year uncondltlonal guarantee Made In USA 

TOORDERORFORYOURNEAREST 
DEALER, CALL TOLL-FREE 

800-647-1800. Call @IT 323 5869 
In MIX and ourstde continental IIV. ,-i 
lelex 53 4590 MFJ STKV 

A00 Y 00 each sn~pptnglhandllng Call or write 
for free catalog. over 1W products. 

r /  103 
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MFJ ENTERPRISES. INC. 
Box 494. Mississippi State. MS 39762 



Here's what other hams have to say about 
the "dream rig." 

"To put it concisely, the IC-751 easily 
meets all of its advertised claims with regard 
to technical'specifications." 

"The filters used on the IC-751 areabout 
the sharpest one can imagine." 

"It performed flawlessly over the entire 
period.. Particularly if the IC-751 is  used with 
an internal power supply, it hasto be regard- 
ed as the most compact, full-featured trans- 
ceiver available for either fixed station or 
portable operation." 

John J. Schultz W4FA 
CO Magazine 
September 1984 

"...we seriously doubt anyone finding a 
unit superiorto ICOM's new751 HF 'dream rig."' 

r I r l  l g r r l  ,:&I7 1 

Computer Trader Magazine 
September 1984 

"The general-coverage receiver is 
excellent." 

Mark Lv/~lson RAZZ 
OST Ma azlne 
~anuar~y985  

''The Notch measured 55dB, and is the 
best ICOM Notch yet." 

"The stability ofthe751 deserves mention. 
We measured lOHz drift in the f i rs t  hour." 

oL\r~r ! t?ri , c c '  '1 
International Radio. InC. 
September 1983 

7 1  

Now with a ONE YEAR Warranty! w / 1 7 ~ t ? ~ ~  ' L h  L-- d w - _- .. W - I  

First in Communications 
ICOM Amerlca, Inc., 2380-116th Ave NE. Bellevue, WA 98004 / 3331 Towerwood Drive, Suite 307, Dallas, TX 75234 

r . - r d  -nv~nrrt~on*arcaoomx~mate and sublea to changewlrhout mlnea r  obliqat~on. All ICOM radios slgnlhcanrly exteed FCC rcqularion$ llmi~lnq spurlous ernlnlons. 751285 



I. The IC-2A is also avail- 
? and has the same features 
he IC-2AT except DTMF. 

I 

If you want a 2-meter 
handheld with exceptio~ 
features, quality built t o  I 
and a wlde variety of Int 
changeable accessories, 
take a i c  ie ICOM 
IC-02AT !AT hanc 
helds. 

Freouency Coveraqe. 1 
IC-OZAT covers 140.000 
through 151.550MHz and I 
IC-2AT. 141.500 through 
1 h ~nclude 
I ARS opera- 
1 

i a l  ablt 
last as t 
:er- 

~ o k  at  t t  
and IC-i 

The 

the 

149.9941~ 
lrequenci 
tion. 

1Hz ... bOt, 
es for M. 

IC-02AT Features. ICOl 
top-of-the-line IC-O2AT har 
held has the following out 
standing features: 

- -  - . 

8 DTMF direct k q  
LCD readout 
3 watts standard, 5 wat 
optional (with IC-BP7 bat- 
tery pack) 
10 memories which store 
duplex offset and PL tone 
(odd offset can I 
last 4 memories 
Frequency dial I 
Three scanning systems: 
priorily, memo9 
grammable ban1 
(selectable incre 
10, IS, 20 or 25nnzl -~ 
IC-ZAT Features. The 

IC-2AT IS ICOM's most popu- 
lar handheld on the marker 
The IC-2AT features a DTk 
lad. 1.5 watts output and 
humbwheel frequency selt 

cc?ssorit>, r 7 "Cl l  

-on battery packs i 
for the IC-O2AT 

AT. ~ncluding the 
long-life 800rnAh iC-l 
which can be used w 
handhelds. 

Other accessories il 
HS-I0 boom head 
OSB PlT switch& 
OSA VOX unit (fc 
IZAT) and an assorrrnenr 
artery p;l 

r7 6 slide 
able 
IC-2 

'LLy "4 

3re avail- 
and 
new 

.m- 
51-tj 

,,th both 

nclude 
be storec 
l 
ock 

l in the 
HS-1 
HS-l 
ICF 

Iset, 
)X . 
)r 
--.--A 

~ck charg l a n d  prc 
3 scan 
ments of 
.,, . , I<- r , - - t $ '  P-< d r 1 . i  I 

ronie standard w ~ t h  an IL-a!-3 
NlCd battery pack, flexlble 
antenna. AC wall charger, 
h-It CIIP, wrist strap ?n* P 2 r  

See the IC-02A1 
AT 2-meter hand 
- local ICOM dea 

8 ,  a" L C , ,  

and 
helds at 
ler. 

imitate 

NE.  bell^ 
rr obllganon. 

me, WA 9 
All ICOM rat 

I .  Dallas, TX 75234 
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AMATEUR RADIO WILL FLY WITH THE SPACE SHUTTLE IN JULY after all, NASA has announced. 
However, astronaut Tony England, WBORE, will be limited to 2-meter operation only, as the 
installation of additional Amateur antennas for other bands in the shuttle's payload bay 
turned out to be too costly as well as a logisticallv difficult task. 

Slow-Scan TV Is The ~ i ~ - ~ d d i t i o n  On  his-Shuttle @light; it's even quite likely that 
SSTV transmission time will exceed that for voice, with scenes from inside the spacecraft 
to be sent during orbits when W0ORE is busy with other tasks and can't be on the-air for 
voice contacts. Both FM voice and SSTV will be via 2-meter hand-held radios, using the 
same window-mount antenna used by W5LFL in his pioneering operation. 

Little If Any "General" 2-Way Operation Is Planned for this flight. Instead, WOORE'S 
contact emphasis will be with school and club groups, to provide the maximum Amateur 
involvement. The ARRL will act as liasion to schedule such contacts; contact them in 
Newington for details. Pre-flight publicity and media contact during the flight will also 
be handled by the ARRL, but primarily through the League's Washington office. 

NASA Ex ects WBORE To Be On For Between 10 And 20 Passes, and is currently working out 
his* A principal limitation will be access to the shuttle's overhead window, 
which won't be available at all for Amateur antenna use until the middle of the fourth day 
of the flight. At presstime launch was still scheduled for mid-July. 

THE 24-MHZ BAND WILL BECOME AVAILABLE AND 30 METERS "OFFICIAL" JUNE 22, the FCC decided 
April 25. The new 24890-24990 kHz slot is for General and higher, with phone above 24930; 
power will be 1500 W PEP. 30 meters remains CWIRTTY only. General and above limited to 
200 W PEP. No action was taken on 420 MHz changes or the new 902 MHz band 

International Broadcast Stations May Use 7.1-7.3 MHz In Region 3 (Pacific) areas it 
administers. the FCC decided A~ril 4. In its Re~ort and Order on Mass Media Docket 84-706 
the commission did specify, however, that broadcist stations operating under the new ruling 
must beam transmissions away from Region 2. The .effective date was May 16. 

Expanded 40-Meter Phone Privileges For Caribbean Area Amateurs are proposed in a new 
FCC Notice of Proposed Rulemaking. In PR Docket 85-104 Amateurs in U.S.-licensed areas of 
the Caribbean would have their phone band extended down to 7075 kHz; in its proposal the 
FCC is looking for Amateur input on how the additional frequencies should be utilized. 

Comments On PR Docket 85-104 Are Due At The FCC June 17; Reply Comments July 17. 

VOLUNTEER EXAMINER COORDINATOR PERFORMANCE MAY SOON be the subject of critical FCC 
revlew. now that the Dronram has been on line for a year. Criteria to be used in the review 
will probably include' activity, pass rates, adherence to the rules, integrity, and quality 
of the paperwork provided to Gettysburg. Some VECs are not expected to fare very well. 

A Visit To Gett sbur For VEC Re resentatives is also being considered, probably for 
sometime in Augusty SuEh a visit wEuld provide the VECs and FCC licensing people an 
excellent opportunity to discuss each other's problems and review procedures. 

DeVr Is Active1 Seekin VEs Throughout The U.S., following its accreditation as a 
nationar VEC. 1nte:ested Vgs should call Jim Georgius, W9JUG. at DeVry between 12 noon 
and 7 PM Chicago time. at (312) 929-8500, ext. 251. 

"AUTOMATIC REMOTE CONTkOL" FOR AMATEUR OPERATIONS ABOVE 29.7 MHZ has been proposed by 
the FCC in PR Docket 85-105. ExDandine on an ARRL ~etition that had sounht automatic 
control for Amateurs using digitil co~unications, the Commission is act;ally looking for 
Amateur input as to just how far the concept of automatic control should be extended. 

Comments On PR Docket 85-105 Are Due at the FCC June 25, and Reply Comments July 25. 

THE COMMENT PERIOD ON FCC's "NATIONAL FREQUENCY COORDINATOR" proposal is being 
extended at the request of the ARRL. The new dates had not yet been set at presstime. 

AMATEUR RADIO'S SPACE PROGRAM WILL BE THE SUBJECT of the Teleconferencing Radio Net 
(TRNI June 14. Tou AMSAT satellite suecialists such as W3IWI. W6SP. WA2LQQ. W3X0, K80CL, . , 
and others will participate in the coinprehensive program, which will almost surely include 
the latest news on WBORE's forthcoming Space Shuttle operation. 

Over 200 Repeaters Across North America Now Provide TRN programs to their users; any 
repeater group wishing to join the TRN should write Timothy Lowenstein, WABIVW, TRN Net 
Manager, c/o Midway ARC, Box 1231, Kearney, Nebraska 68847-1231. 

DAYTON HAMVENTION'S "AMATEUR OF THE YEAR" IS W8ACE/4, John Willig, who's being recog- 
nized both for his role as "fathern of the Hamvention back in 1951, and for his continu- 
ing efforts in maintaining the "Dayton Net" that meets three times weekly to keep former 
Daytonians in touch with each other. The Hamvention's Special Achievement Award went 
to Judy Frye, KGBP, for her leadership role setting up DARA's VEC program; the Technical 
Excellence Award was presented to Rich Whiting, WBTN, for having developed the Tele- 
conferencing Radio Net. Congratulations to all for well-deserved honors1 
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NEVER BEFORE HAS SO MUCH CONTROL . . .  
COST SO LITTLE!! 

MODEL CS-I 6 $1 64 ~mateur net MODEL CS-1688 $189 Amateur 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 

OUTPUT FUNCTIONS 
However full 16 function control is ~ 1 2 3 4 5 6 7  B ~ O . * A B C  

available to control operators using D.7 GROUP 

" MOMFNlrlll* 

5 . O F  ... E L [ ' . .  ...... primary password command . B . OT I !.I L ~ ,  1 . . . . . . .  c , ~  H .., , I . W I  ..... , I... " .., L b . . .  .A<... " Hi  I. 
Our CS16 puts repeater control I - i h  L ~ ~ ~ ~ ~ ~ >  

ops .IN CONTROL 10 9 . - . c . 6  ) c  5. E L c c J  
lli I . lOh~FbllAll .  . . .  

COMMON FEATURES 

Open collector (can drive relays open collector or data strobe logic 
directly) and'logic outputs for each outputs 
of the 16 functions Operates from 10-25 . olts DC . 
SS1.202 central office quality XTAL Reverse polarity protected 
controlled tone decoder 4 % "  x 6'12" 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  uoo PRH Calltornha residents add sales l a x  

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 
HI:LO POWER - PLlCOR - TIGHTILOOSE SOUELCH - OPENCLOSED SOUELCH - 
REPEATER ONOFF - AUTOPATCH ONOFF - TOLL RESTRICT ONKJFF - RINGBACK ONOFF - 
LONG6HORT HANGTIME - ANTENNA IIANTENNA 2 - REMOTE BASE ONOFF - F.IF. - 
A b X  LINK ONOFF - TONE MUTING ONKJFF - SPARE TRANSMITTER INOUT - ETC . ETC 

SELECTOR MODE APPLICATIONS 

1 OF N FREOUENCIES - 1 OF N PHONE LINES - 1 OF N ANTENNAS - I OF N REPEATERS ETC 

3731 Madison St . 
CA 90505 

INC 3) 3738803 117YI 
' AT&T 

ONNECT 
STEMS 
ORPORA' TED P 

orrance. 
hone (21: 

ANTENNA SALE 
HYGAIN TOWERS 

CUSHCRAFT 
A3 . . . . . . . . . . .  
A4 . . . . . . . . . . .  
40.CD2 . . . . . .  
AV5 . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  4248 7500 
. . . . . . . . . . . . . . . . . . . . . . .  AOP 137 00 

KLM 
KT34A . . . . . . . . . . . . . . . . . . . . .  
KT34XA . . . . . . . . . . . . . . . . . . .  

HYGAIN 
TH3JR . . . .  
TH5 . . . . . . .  
TH7 . . . . . . .  
EX 14 . . . . . .  
14AVO . . . . .  

. . . . .  IRAVO 
v2 . . . . . . . . .  
v3 . . . . . . . . .  
v4 . . . . . . . . .  
BFJ86 . . . . . .  
HUSTLER 
25% OFF ALL MOBILE 

. . . . . . . . . . . . . . . . . . . . . .  6BTV 125 00 

AEA 
. . . . . . . . . . . . . . . . . . . .  144SR 4200 

BUTTERNUT 
. . . . . . . . . . . . . . . . . . . . . .  HF6V 110 00 
. . . . . . . . . . . . . . . . . . . . . .  HF2V 11000 

LARSEN 
. . . . . . . . . . . . . .  LM 5.8 MAG 3695 

ROTATORS 
. . . . . . . . . . . . . . . . . . . . . .  CD45 135 00 

. . . . . . . . . . . . . . . . . . . .  HAM IV 219 00 
. . . . . . . . . . . . . . . . . . . . . . .  T2X 259 00 

. . . . . . . . . . . . . . . .  AVANT1 2M 2995 
HI-0 BAL . . . . . . . . . . . . . .  995 

KENPRO 
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Complete 
Satellite Systems 

satellite dish 
and receiver and 
Save up to 50% 

Introducing the 
SpaceMate 6 foot 
perforated aluminum dish 
with a lifetime warranty. 

Complete systems starting 
as low as $877.00 

SATELLITE AT COST 
(419) 522-2318 378 Pla~nv~ew Mansfield, Ohio 44907 

More Details? CHECK-OFF Page 126 H 109 June 1985 11 



How can Amateur Radio be im- 
proved? Here's what some readers 
suggested in response to questions 
raised by K2RR and NIACH in 
"Reflections" (February and March, 
1985). KAILBO 

I'd like to see us stop all the concern 
for increasing numbers of hams and 
instead, try to improve the quality of 
operators we already have. 

Vern A. Weiss, WASVLK 
Kankakee, lllinois 

. . . I would like to see the spirit of 
Amateur Radio as it was in the 1930's 
restored: service, experimentation, 
operating skill, courtesy, and good 
fellowship. 

I. L. McNally, KGWX 
Sun City, California 

. . . There seems to be an age of 
curiosity - maybe between 10 and 15 
- when a youngster is thirsty to drink 
up the experience of the adult world. 
At that age the young person is curi- 
ous about the entire world. We, the 
adults, can "turn that kid on" to elec- 
tronics, computers, cameras, art, or 
music - or they can turn on to drugs. 
It's up to us. . . . My point is that we 
must make a solid effort to get into the 
elementary schools, into the summer 
camps, into the neighborhood com- 
munity centers, to "turn on" the kids 
of America to the fun of our hobby. 
This will, in turn, capture the talents 
of our youth and reignite the spirit that 
put a man on the moon! 

Marvin Feldman, WG40 
Annandale, Virginia 

In days past, there was a "romance 
of the airwaves" - the excitement of 
doing what ordinary people could not 
do - and you could do it, if you knew 
enough and worked hard enough. 

We need to find a new romance, a 
new excitement. 

John Telford, W3TJ 
Swarnpscott, Massachusetts 

Here's what I think is important right 
now - more important than technical 
development, if we have to choose: 
we must learn how to lobby. We hams 
must learn individual and group lobby- 
ing techniques. Lobbying is power, 
and groups have more power than 
individuals. 
[We have to1 get our emergency nets 
working and then let the public know 
what we're doing for them. When the 
public needs communications for vari- 
ous activities, we should overwhelm 
them with support, and then publicize 
our contribution. 

Ken Uthus, KT7E 
Nine-mile Falls, Washington 

The way I entered ham radio was via 
SWL activities. I was in junior high 
school and could not afford anything 
but a receiver. I still listen to SW on 
a day-to-day basis and enjoy it. Per- 
haps emphasizing such activities will 
stimulate interest. . . . 

Thomas M .  Hart, ADIB 
Dedham, Massachusetts 

. . . What Amateur Radio needs is 
a new frontier. . . . Why not put the 
total emphasis on space Icommunica- 
tionsl? Maybe radio telescope opera- 
tion. Let's restore the adventure of 
Amateur Radio to attract the new 
breed of high-tech communicators. 

Fred N. Ackerman, W3JHN 
Silver Spring, Maryland 

I've been a ham for 54 years. . . . 
Ten years ago I got the SSTV bug and 
the biggest thrill from ham radio, ever. 
What happened to SSTV articles in 
most of the magazines? 

Francis M .  Duffy, AB3J 
Johnstown, Pennsylvania 

My main operating interest is CW. 
I perceive considerable anti-CW pres- 
sure these days. . . more publicity and 
development for very narrow band 
synchronous CW would help . . . also 
improvement in the political climate for 
this mode. . . . 

To my mind, hand-sent Morse is 
more basic than BASIC. 

Bruce Boyd, W30A 
Ellicott City, Maryland 

Let's stop recruiting non-technical 
people into our fraternity. . . . Let's try 
to appeal to an average level of 
technical expertise - on upward. 

Mike Kitsko, KGVGQ 
Cerritos. California 

A link is needed between HF, OX, 
2 meters, CB, SSTV, etc. A geo- 
stationary satellite could do just that. 

Greg Waits, WBGEPE 
Anaheim, California 

The number of licensed Amateur 
Radio operators may be declining sta- 
tistically but I feel sure that there are 
many others out there just as enthusi- 
astically involved as we are here. The 
new VEC program will reverse the 
[negative] trend. . . . Amateur Radio 
clubs all over the country can and will 
take advantage of the VEC program to 
promote and assist with the licensing 
of new Amateur Radio enthusiasts. 

Let's not be too concerned with 
declining numbers. It's only tempor- 
ary. We, the members of the World 
Amateur Radio Fraternity, will see to 
that. 

Bob Ruedisueli, W4OWA 
Vienna, Virginia 

. . . You may want to consider that 
the new 10-year license (term) will 
skew the figures. 

John D. Gallivan Ill, N4DGS 
Fairfax, Virginia 

. . . What's wrong with Amateur 
Radio? Not a damn thing . . . it's just 
different. 

Michael Vuksich, WBVEV 
Duluth, Minnesota 
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AT-930 and MC-6OA 
ANT. TUNER MICROPHONE 
Reg. $199.95 Reg. $79.95 

PktS FREE C' P S 

I 

vOuR VFRv BEST SQVPc5 'n .I FOR ANY AND ALL AMATEUR RADIO ITEMS 
/ 

, J ,  - J  
6 STORE BUYING POWER ASSURES TOP VALUE 

! ,  & 
BIG. COMPLETE STOCKS. GET WHAT YOU WANT 

~ ~ w v  - w 7 WHEN YOU WANT IT. 
MORE SAVINGS BY FREE DELIVERY MOST ITEMS 

--- - -  -- - -'-- -- - - __IC_- 

KENLTJ399 I 0- I a d& ~~~~~ 
II 

TS-930s B 

KENWOOD 
- - 

TW-4000A ? I -  gj --.- -- . - - -- --- 

PAY REGULAR "- 
PRICE OF SsQ9 . Qf ., 

PEC,E!vE FP EE 
ALL THE FOLLOWING 

1) VS-1 VOICE SYNTHESIZER 
$39 95 VALUE 

2) TU4-C SUEAUDIBLE $39 95 VALUE 

- .. " 

1 PAY NEW REDUCED PRICE OF IC-37A 

YOUR BEST 220MHz 
EQUIPMENT BUY! 

REGULAR $449 

I 

AMPLIFIER 
SALE 

PRE DC SALE 
MOML BAND AMP INPUT OUTPUT PWR PRICE 
A1015 6M Yes 1OW 150W 20A 1249 

\& 
FT-209RH FT-757GX 

IT-2700 R H  

SPECIAL BUY.. . 
LIMITED QUANTITIES 

R-71 A 
SUPERIOR GRADE 

GENERALCOVERAGE 
RECEIVER 
Regular $799 

N E t f ' '  
SALE! 5299.95 1 Z W : ~ O C M  

-3 

TRANSCEIVER 

m w  
150W 
BOW 
160W 
16OW 
20W 
60W 
120W 
40W 
lOOW 

-.- - - CALL FOR GREAT PRICES 

- 
3) MA-4000 DUO-BAND MOBILE ANT I SAL : firFQ.95 RC.1 Remote Control tor MIRAGE Amplifiers $24 

$44 95 VALUE MPI and MP2 Peak Readtng Wallmelers, each 999 

PLUS FREE UPS,  LlmMquanNty at r h , ~  puce 

(I- SALE! ' m p ~ F O W E F X  - 7 Formerly Tr~stao . Tower .. co 

W-51 SALE $899 MA-40 40' tubular 

LM-354 SALE S1599 

at 50 MPH winds. 

IN STOCK FOR 
IMMEDIATE DELlVERY 
CALL FOR INFORMATION 
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SUPERIOR GRADE 
GENERAL IC-37A 

COVERAGE 
RECEIVER 220 MHz's BEST BUY! 

REGULAR $799 I REGULAR $449 

PLUSFREEUPS I PLUS FREE UPS 
--. 

A BRAND NEW HF TRANSCEIVER 
WITH ALL THE 
FEATURES 
THAT MAKE IT 
A TRULY 
OUTSTANDING TODAY'S MOST ADVANCED 
B U Y !  TRANSCEIVER 

REGULAR P r CALL FOR 
CALL FOR PRICE AND INFORMATION 1 51399 /- Es SPECIAL PPICE 

Ila - C'9EAT LOW SURPr\nER PRICES IC-32QCA 9UAL BANDER 
COVERS BOTH 2 METERS and 70CM 

NEW! 
CALL FOR PRICE 

AND INFORMATION 

I 

TEE ~ ~ ~ P W E ~ J T  
UPS SURFACE (Continental U.S.J (MOST ITEMS) 

-7fw'LL- F,P,c'y p.wf-'3ME 
INCLUDING ALASKA A N D  HAWAII 1 . @  

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

ANAHEIM. CA 92801 OAKLAND. CA 94609 SAN DIEGO. CA 92123 
2620 W La Palma 2811 Telegraph Ave . 5375 Kcarnv Vllla Road 

(714) 761-3033. (213) 860.2040. (415) 451-5757. (619) 560-4900, 
Between Dlsnefland 8 Knolls Berry Farm Highway 24 Oownlown Lell27th off.ramp nlghway 153 and Clalrernonl Mesa Boulevard 

BURLINGAME, CA 94010 PHOENIX. AZ 85015 VAN NUYS, CA 91401 
999 Howard Ave 1702 W Camelback Road. 6265 Scpulveda Blvd 
(415) 342-5757. (602) 242-3515. 18181 988.2212 

5 males south on 101 lrom San Francnsco Aorporl East 01 H~ghway 17 San Olego Freeway at Victory Boulevard 
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PACKET RADIO COMES OF AGE 
ANNOUNCING THE FIRST FULLY INTEGRATED 

PACKET RADIO TERMINAL 
THE PACKETERM IPT 

Packet radio is a new mode of Amateur communication which is growing more 
popular every day. It provides armchair, error-free copy for local, national, and 
world-wide communication. It is  also useable with the new generation of 
amateur satellites. 
Networks are growing across the country and in  the DX regions throu h the use 9 of store-and-forward "digipeater" capability built into packet control ers. Enjoy 
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voltage controlled oscillator 
uses ceramic 

Try these 
old favorites 

in tuned circuits 

Since the earliest days of radio and electronics the 
LC tuned oscillator was the circuit of choice whenever 
a wide tuning range was needed. When stability was 
paramount, the crystal oscillator reigned supreme. 

Over the years the frequency controlling element 
has changed; oscillators controlled by cavities, surface 
acoustic wave (SAW) devices, YIG (Yttrium Indium 
Garnet) and other garnets, and a host of other 
specialized devices have been developed. Very often 
a system design would benefit from an oscillator that 
had the tuning range of an LC oscillator and the stabil- 
ity of a crystal oscillator. 

The phase-locked synthesizer is a system in which 
the accuracy and stability of a quartz crystal is trans- 
ferred to a wide frequency range oscillator, permitting 
a large number of accurate and stable frequencies to 
be generated. Even in this application, the flaws of an 
oscillator cannot be totally eliminated. If the oscillator 
suffers from phase noise, microphonics, or other 
spurious outputs, some vestiges of these problems will 
remain. 

resonators 
The voltage controlled oscillator can be constructed 

from any type of oscillator, but is typically an LC 
oscillator with a varactor diode as part or all of the 
tuning capacitance. This gives the broadest tuning 
range but seldom exceeds a ratio of 2:l .  At the other 
end of the spectrum (minimum tuning range), a crystal 
oscillator with varactor tuning provides excellent 
stability, very low phase noise, and freedom from 
microphonics, but has very limited tuning range. A rule 
of thumb for a variable crystal oscillator is a frequen- 
cy variation of no more than 0.1 percent total. If the 
frequency were limited to 20 MHz (this is approxi- 
mately the limit for fundamental mode crystals), the 
total variation would be 20 kHz. For higher frequen- 
cies, overtone crystals must be used and the ability 
to pull the frequency of an overtone crystal is con- 
siderably less than that of a fundamental mode crystal. 

ceramic oscillator provides compromise 
Somewhere between the crystal oscillator (which 

can hardly be moved at all in frequency) and the LC 
oscillator (which has a broad variation in frequency but 
suffers from phase noise and microphonics) is the 
ceramic resonator oscillator. The ceramic resonator is 
not a new device; for many years ceramic resonators 
have been the heart of the ceramic filter, which is 
primarily used for wideband FM IF systems found in 
entertainment radio and television receivers. The 
ceramic resonator as a single tuned circuit is finding 
applications in timing circuits, replacing more expen- 

By Albert 0.  Helfrick, KZBLA, R.D. 1, Box 87, 
Boonton, New Jersey 07005 
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frequency. The Q of the equivalent circuit is on the 
order of 600. 

I fig. 2. Mechanically-tuned Pierce oscillator. I 
sive quartz crystals in those applications in which the 
extreme precision and stability of the quartz resonator 
is not required. 

Although the ceramic resonator is similar to a quartz 
crystal, there are several important differences. The 
equivalent circuit of the ceramic resonator shown in 
fig. 1 is identical to the quartz crystal except that the 
parameter values are somewhat different. The series 
resistance is on the order of 6 ohms for a 4-MHz 
resonator, which compares to a quartz crystal's 15 
ohms. This lower value at first appears to indicate a 
higher Q than with the quartz crystal if it weren't for 
the value of the equivalent inductance, which is typi- 
cally 140 microhenries. In a quartz resonator at a fre- 
quency of 4 MHz, the equivalent inductance could 
easily be on the order of 1 henry, which is some 7000 
times higher. This results in the quartz crystal having 

advantage of the ceramic resonator 
over the LC oscillator 

There are two inherent advantages in using a 
ceramic resonator rather than a conventional LC tuned 
circuit. First, it is nearly impossible to build inductors 
in the 140 pH region that are small in size and exhibit 
Qs of 600. Typically a 140-pH inductor has a Q of one- 
tenth that of a ceramic resonator. Secondly, a 140-pH 
inductor, in order to be of reasonable size, would use 
a tightly coupled ferrite core. The core would be 
attached to a shielded can and fitted with an adjuster. 
This would translate mechanical movement of the core 
into changes in the inductance and distributed 
capacitance. An oscillator constructed with this type 
inductance would tend to be microphonic. 

There are broad variations in the parameters of cera- 
mic resonators, especially when resonators of different 
frequencies are compared. However, ceramic resona- 
tor Qs will generally range from 500 to 5000, values 
not achieved using conventional LC tuned circuits. 

The significant disadvantage of the ceramic resona- 
tor as an oscillator tuned circuit is the ability of the 
resonator to be varied in frequency. Ceramic resona- 
tors are typically operated in parallel resonance, which 
is characterized by the resonant frequency of the 
equivalent inductance resonating with the two equiva- 
lent capacitances, Co and CI .  The 76 pF capacitance 
shown in fig. 1 is internal to the resonator and can- 
not be altered in any way. Consider a situation in which 
a varactor is placed across the resonator to vary the 
frequency. The highest possible resonant frequency 
V;) when operating the resonator as a parallel reso- 
nant circuit occurs when there is no external 
capacitance. This produces a resonant frequency of: 

There is a practical limit to how much external capa- 
citance can be placed across the resonator, but for 
the purpose of gaining insight into how far the resona- 
tor can be theoretically pulled, assume the external 
capacitance can be as high as infinity. With infinite 
external capacitance, the parallel resonant frequency 
approaches the series resonant frequency (f,) which is: 

a Q of as high as 500,000. In the ceramic resonator 
a series capacitance of 11 pF provides the series reso- determining range of operation 

. . 

nant frequency while a 76-pF shunt capacitance, plus If the ratio of the highest frequency to the lowest 
any circuit capacitance provides the parallel resonant frequency were taken, the result would be: 
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fig. 3. Temperature-induced frequency variation of 
mechanically-tuned resonator oscillator. 

Using the typical values shown in fig. 1, the maxi- 
mum frequency range (and consequently change from 
nominal frequency) is about 7 percent total for a 
4-MHz resonator. Compared to the quartz crystal, this 
is a very large variation but rather insignificant to 
the octave or more variation available from an LC 
oscillator. 

The previous discussion determined the maximum 
theoretical variation. However, it is not possible to 
apply an external capacitance from zero to infinity. The 
lower value of capacitance is limited by the circuit 
capacitance and the residual capacitance of the 
varactor. This discussion examines varactor tuned 
oscillators, but there is residual capacitance in 
mechanical capacitors as well. In addition, there are 
practical limits to the upper bound of the external 
capacitance and from empirical data this can be safe- 
ly taken to be three times the equivalent shunt capaci- 
tance of the resonator. When a large amount of exter- 
nal capacitance is used, the dissipation factor of the 
external capacitor becomes a critical parameter in the 
amount of energy that can be transferred into the 
ceramic resonator. As a design example, assume the 
minimum external capacitance is 30 pF and three times 
the internal 76 pF or 228 pF is the maximum capaci- 
tance that is allowed. This would result from a varac- 
tor diode variation of about 200 pF. If the residual cir- 
cuit capacitance is 10 pF exclusive of the varactor 

+IS* : 
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I 
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fig. 4. Mechanically-tuned ceramic resonator oscillator. 

> 

capacitance, the varactor diode capacitance must vary 
from 20 pF to 218 pF. This requires a tuning ratio of 
10, which is attainable from a hyper-abrupt junction 
diode. The typical frequency variation would be about 
3 percent or approximately 120 kHz at 4 MHz. 

comparing actual circuits 
To test the theory and to assess the ability of the 

ceramic resonator to serve as the frequency control- 
ling element of an oscillator, several conventional 
capacitor-tuned oscillators were constructed. One ex- 
ample is shown in fig. 2. The ganged variable 
capacitor tunes both the gate and drain of the FET 
oscillator and thus maintains a constant feedback ratio. 
This oscillator produced a tuning range of 190 kHz 
from 10.7 MHz, the specified resonant frequency of 
the oscillator, to 10.89 MHz. This simple circuit, also 
illustrated a design limitation of the ceramic resonator 
- frequency drift with temperature. 

Ceramic resonators are frequency-stabilized over 
temperature by using special -4400 ppmldegree C 
ceramic capacitors as the feedback elements. Al- 
though the temperature characteristic of the mechani- 
cal capacitor was not known, it did not correct the fre- 
quency drift and the results are shown in fig. 3. In spite 
of its frequency dependence on temperature, the 
oscillator had some important characteristics. The 
oscillator had a low level of phase noise and was 
relatively immune from microphonics. It is these two 
characteristics that make the oscillator attractive as a 
VCO for a phase locked loop frequency synthesizer 
where the temperature dependence can be eliminated. 
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fig. 5. Colpitts oscillator using varactor tuning and a 
3.58-MHz resonator. 

A second mechanically-tuned oscillator was con- 
structed and is shown in fig. 4. One of the problems 
associated with an oscillator using a ceramic resonator 
and, to a certain extent, a crystal resonator, is that 
when a large amount of external capacitance is added 
the amount of feedback is reduced and oscillation can 
become unsteady (stops oscillating). The oscillator 
shown in fig. 4 represents an attempt to alleviate this 
problem. A dual 500-pF capacitor was used as the 
tuning element across a 10.7-MHz resonator. The gain 
of the FET amplifier was varied by increasing the 
capacitance from the source to ground using half of 
the dual capacitor. As the capacitance across the 
resonator is increased, the gain of the amplifier also 
increases and the oscillations are stable over the entire 
500 pF range of the capacitor. The tuning range of this 
oscillator was 325 kHz at 10.7 MHz. 

A varactor-tuned Colpitts oscillator as shown in fig. 
5 was constructed to evaluate the ability of the ceramic 
resonator to serve as a VCO. A 4-MHz resonator was 
tested, and the results agreed substantially with 
theory. Using a pair of hyper-abrupt varactor diodes, 
it was possible to obtain nearly a 100 kHz frequency 
shift, which agrees with the theoretical calculation of 
120 kHz. With a large variation in capacitance an 
unsteady oscillatory condition was evident. This is 
because the feedback capacitors were much smaller 
than the maximum capacitance of the varactors. It is 
mandatory that the fixed capacitances across the 
ceramic resonator be kept to an absolute minimum. 

In the development of an oscillator that provides a 
maximum frequency shift using a ceramic resonator 
as the tuned circuit, consider the circuit shown in fig. 
6. The equivalent circuit of a ceramic resonator is 

I 
I 
I 
I 
I 
I 
I 

I 
I 

fig. 6. Ceramic resonator circuit with AC voltage source 
and capacitive load. 

shown in series with an AC voltage source and an ex- 
ternal capacitance which represents the varactor. 
Since the impedance of the voltage source is zero, the 
external varactor capacitance is essentially in parallel 
with the internal capacitance, Co. The voltage at point 
A is exactly out of phase with the voltage at point B 
at the parallel resonant frequency of the inductor, L1, 
and Co + C2 in series with C1. Only one resonant 
circuit is shown in fig. 6. The usual series resonant 
circuit of L1 and C1 is not a factor here. If there were 
a resistance between point A to ground, in parallel with 
C3, there would be a second point at which the phase 
of the voltage at A would be the same as the voltage 
at point B, and that would occur at the series resonant 
frequency determined by L1, and C1. 

Figure 7 shows the equivalent circuit of the ceramic 

I 
I 
I 
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resonator except that the AC voltage source has been 
replaced with the output of an inverting amplifier and 
point A from the equivalent circuit of fig. 6 has been 
connected to the input of the inverting amplifier. To 
satisfy the Barkhausen criteria for sustained oscilla- 
tions, the total phase shift around the loop should be 
0 degrees, which will occur at the parallel resonant fre- 
quency of fig. 6. In addition, the total loop gain should 
be zero dB, which can be satisfied by the buildup of 
self bias, which automatically reduces the circuit gain, 
as in the case of any classical oscillator. For C2 to have 
the greatest effect on the oscillator frequency, the in- 
put capacitance of the amplifier must be as small as 
possible and the output impedance of the amplifier as 
low as possible. 

The oscillator shown in fig. 8 satisfies the criteria 
for a low output impedance and small input capaci- 
tance. The FET input amplifier has fixed bias with 
source feedback. This provides a very high input im- 
pedance with very low capacitance. The FET amplifier 
drives an emitter follower which, in spite of the fact 
that it has a low output impedance, feeds a trans- 
former with a 3: 1 turns ratio for a nine-fold impedance 
reduction. The result is an impedance at the ceramic 
resonator of a few ohms maximum. 

The varactor-tuned ceramic resonator oscillator has 
a significant frequency-temperature coefficient, as for the temperature dependence. If the required tuning 
would be expected in light of the results of fig. 3, and range were 200 kHz, leaving 32 kHz for temperature 
is shown in fig. 9. The tuning range of the VCO is variation, the resulting temperature variation would be 
approximately 232 kHz, with a temperature coefficient more than 90 degrees C, which is sufficient for any 
of 350 Hz per degree centigrade. When using this cir- Amateur application. 
cuit as a VCO, the entire 232 kHz range cannot be used It may appear that a temperature compensating 
because some of the tuning range must be sacrificed ceramic capacitor could be used for the reduction of 
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temperature dependence. This is done for single- 
frequency oscillators, but the use of a shunt capaci- 
tance for temperature compensation will reduce the 
amount of frequency variation possible. In an oscillator 
with a large tuning range, temperature compensation 
must be achieved with a phased locked loop or other 
external means of frequency stabilization. 

To what advantage is the ceramic resonator oscil- 
lator when it has a significant frequency-temperature 
coefficient and has a tuning range of only a few per- 
cent? First the phase noise of the ceramic resonator 
oscillator is excellent, as shown by the spectrum 
analyzer photograph in fig. 10. It would be nearly im- 

flRK(126):lB 177 334.70Hz 
R(*):SCT> 8.7-m 10&/ 

CF : 1 0  177 294.7BHz SPAN: 1 0  000.BBHz 
OUT(B):0.@0dBm ~ 1 0 0 s e c  750 
IRG: 20dBn RBW: 30Hz UBW: lBHz 

fig. 10. Spectrum analyzer photograph of a ceramic 
resonator VCO without a phase locked loop. The VCO's 
actual performance is difficult to determine due to the 
noise floor and resolution limitations of the instrument. 

possible to create a spectrum this clean with a conven- 
tional LC tuned oscillator. In addition, the freedom 
from microphonics is excellent. As a test, the fourth 
harmonic of the 10 MHz VCO shown in fig. 8 was 
received with a VHFIFM monitor receiver. This 
receiver is designed to function with 5-kHz peak fre- 
quency deviation, and because the fourth harmonic 
is being tuned a 1.25-kHz peak deviation will produce 
the full audio output in the receiver. The oscillator was 
tapped with a pencil and absolutely no audio was 
heard from the receiver. This is certainly not a scien- 
tific test, but to gain some insight into how this com- 
pares to a conventional LC oscillator, the printed cir- 
cuit board in the monitor receiver was tapped and pro- 
duced a loud clang in the receiver. In fact, if the 
volume of the monitor receiver were advanced to 
nearly full scale, a steady howl would emanate from 
the speaker because of acoustic feedback from the 
speaker to the local oscillator. Although the test was 
not scientific, it is clear that the ceramic resonator 
oscillator is quite free from microphonics. 

applications 
There are many applications for a narrow band low- 

noise oscillator. An obvious choice is to provide a VCO 
for a narrow range synthesizer such as a single 
Amateur-band frequency source. The new 10 MHz 
band is an obvious choice, since the VCO shown in 
this article is directly applicable. Another application 
is shown in fig. 11. Here the ceramic resonator 
oscillator is used in a frequency synthesizer with 100 
Hz resolution. The 10-MHz range of the ceramic reson- 
ator is translated to the Bmeter Amateur band by het- 
erodyning it with a 40-54.6 MHz phase locked fre- 
quency synthesizer. Because of the rather high (100 
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0 0 
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T R A N S M I T T I R  

fig. 11. Ceramic resonator oscillator used in a 100 Hz resolution 50-MHz synthesizer. 
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K.V.G. 
I 9 MHZ CRYSTAL FILTERS 

MODEL 
XF.9A 
XF-98 
XF-96.01 
XF-96.02 
XF-98-10 
YF-OC 

SSB 
SSB 
LSB 
USE 
SSR 
AM 

Band. 
width 

2 4  kHz 
2 4  kHz 
2 4  kHz 
2 4  kHz 
2.4 kHz 
3 75 kHz 
5.0 kHz 

12.0 kHz 
500 HI' 
500 Hz 
250 Hz 

15 kHz 

Poles 
5 
8 

1 10.7 MHz CRYSTAL FILTERS 
XFlO7.A NBFM 12 kHz 
XFlO7-B NBFM 15 kHz 
XF107.C WBFM 30 kHz 
XF107.D WBFM 36 kHz 
XFlO7.E PlriOala 40 kHz 
XMI07.SO4 FM 14 kHz 
Export Inquiries Invited Shrppmg $3 75 

MICROWAVE MODULES VHF & UHF EOUIPMENTS 
Use your ex~sttng HF or 2M rlg on olher VHFar UHF bands 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMh1691 137 5249 95 
1/91; MHz GaAsFET MMk129F~144G 14995 
4321435 MMc432.2124S1 74 95 
439-ATV MMc439Ch x 84 95 
220 MHz MMc22a28 69 95 
144 MHz MMc144.28 54 95 
Opt~ons. Low NFI2.0dB max.. 1.25dBmax.), other bands L IF'sava~lable 

LINEAR TRANSVERTERS 
1296 MHz I 8  W oulpul. 2M ~n MMllZ96.144-G $299 95 
4321435 10 W Output. 10M In MM1432-781s) 259 95 
144 MHz 10WOulput. 10M ~n MM1144-78 l r,9 95 
Olher bands 6 lFs avaclable 

LINEAR POWER AMPLIFIERS 
1296 MHz 70 W oulplrl UP1296.20-L 439 95 
4321435 IM) W oulpul MML432.100 369 95 

50 W output MML432-50 199 95 
30 W oulpul MML432-30-LS 209 95 

144 MHz ZM) W oulpul MML144-2W-S 374 95 
1W W oulput MML144-lW-LS 239 95 
50 W output MML144~50-S 149 95 
30 W oulput MML144~30-LS 1M( 95 

All models ,"dude VOX TIR sw8tchlna 
L models 1 or 3Wdrlve others 10~"drlve 

Shtpptng FOB Concord Mass 

ANTENNAS 
420 450 MHz MULTIBEAMS J 117 

48 tlrrnenl 701MOM4R I5  7 dBd 2ui 59 95 
8R El~ment 70IMOMRR I8  5 dBd +e5%- A995 

144-148 MHz J.SLOTS 
8 r l v ~ r  H HOI pol URi7M 1 1  3 dBd $63 40 
H lly R V ~ r t  pol DBI2M vert I ?  3 dBd 79 95 
10 + 10 Tvtsl lOxvI2M I I 3 dBd 69 95 

UHF LOOP YAWS 
1250 1350 MHz 29 loops 12% LY 20dB1 47 95 
1654 1750MH229100pS 1691 LY 20dBl 57 95 
Order Loop Yagl ConneClOr extra TypeNSl495 SMAS595 

\we .lnr ,: rlainpr lor !a, Octr~l~al . l  r l u r  LHt 8 1 1 - i  ec~ull, 
r e n l  ? n i l  hVll i ry~l , ,  LirnOuri IPIIUIICII,I~II'\ 

LL I ",,", 
F*POUE*CI eTF 

N . 5 9 0 0 - 5 9 4 0  

fig. 12. A 20-meter FM transmitter using a ceramic 
resonator oscillator. 

kHz) reference frequency used for the higher fre- 
quency synthesizer, the microphonics and phase noise 
from that synthesizer can be reduced to negligible 
amounts. The relatively low frequency of the 100 Hz 
reference of the second phase locked loop does not 
allow for the loop to remove any microphonics of the 
inherent low-microphonic VCO using the ceramic res- 
onator. Any synthesizer using a low frequency refer- 
ence can benefit from the ceramic resonator oscillator. 

A second application is shown in fig. 12. This ex- 
ample shows a 10-meter FM transmitter using a cer- 
amic resonator. The basic 15-MHz frequency of the 
ceramic resonator oscillator is doubled to 29.5-29.7 
MHz and synthesized using a 2.5 kHz reference. As 
in any FM transmitter where the phase locked loop 
is modulated directly, the loop bandwidth is restricted 
to a frequency below the audio frequency range, 
which opens up possibilities for microphonics and 
phase noise. This is demonstrated in most synthesized 
FM VHF equipment by the fact that despite putting 
in epoxy or other compound, the VCOs are often 
microphonic and noisy. 

The ceramic resonator oscillator has proved to be 
an interesting device for several applications and it is 
suspected that other applications will appear. No 
attempt was made to temperature-compensate the 
basic oscillator circuit. It is possible that a thermistor 
or other temperature sensing device could be used in 
conjunction with the varactor tuning voltage to reduce 
the temperature dependence of the ceramic resonator 
to an acceptable amount. In addition to its use in an 
oscillator circuit, the ceramic resonator has important 
applications in any circuit in which a conventional LC 
tuned circuit would be used. 

ham radio 
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- For the Best - rll 
I*  

, 

HF, VHF, UHF, SSB, 
FM, RTTY, PACKET, 
CW, ASCII & AMTOR 

IC-37A 220 MHZ COMPACT MOBILE 

25 Watts. 32 PL Frequencies Standard Built-in. 
9 Memories with Offset and PL Storage. 10 
KHz15 KHz Dial Steps. Memory Scan, Band 
Scan, and Priority Scan. Dual VFO's and 
Standard HM-23 Touchtone. 

4' LIGHTWEIGHT FLEXIBLE 
ANTENNA ADAPTOR 

CABLE 

IC-02AT HANDHELD 

The IC-02AT 2-.meter LCD 
readout handheld features 10 
memories. 32 PL tones. scan- 
ning keyboard frequency 
entry. dial lock, 3W standard. 
5W optional. DTMF. 

,."', ... 

1 

.. \ I' 

. 

Bencher PADDLE 

This 1s the paddle that prov~des the perfect 
~nterface between the CW operator and h ~ s  rlg 
Smooth, instantly responsive and fully 
adjustable to sult your own touch From the gold 
plated sol~d s~lver contacts to the heavy leaded 
steel base. 11 truly 1s the ultimate 

IC-27A COMPACT MOBILE NO RADIAL VERTICAL 

A breakthrough in 2-meter mobile communica- THE R3 FOR 10-15-20 METERS 

lions! Most compact on the market (5'/2"W x 
11/2"H x 7"D), contains internal speaker for 
easy mounting. 25 watts, 32 PL frequencies. 
scanning and touchtone microphone. 

C & A ROBERTS INC. 
1851 1 HAWTHORNE BOULEVARD REMEMBER WE SHIP 
TORRANCE, CALIFORNIA 90504 

(213) 370-7451 (Calif.) (800) 421-2258 
(UPS Brown - Cont. U.S.A.) 

STORE .HOURS: 10:W a.m. - 5:30 p.m. MONDAY THRU SATURDAY 

More Details? CHECK-OFF Page 126 
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a high-stability BFO 
for receiver applications 

Two VCXOs 
work together 

to provide 
high ' performance 

The lower frequency IF (under 500 kHz) remains 
popular for many receiver applications, generally as 
the last IF of a single or multi-conversion scheme. 

A typical Amateur application will usually require 
two or three discrete BFO frequencies - one for each 
sideband and one for CW. Good mechanical filters, 
either imports or surplus models made by Collins- 
Rockwell, are readily available. Unfortunately, while 
good filters are available, their companion BFO crystals 
are seldom offered; custom-made BFO crystals for 
under 500 kHz can be obtained, but only at a premium 
price. 

Many hams have avoided the high cost of crystals 
by designing variable BFOs to take their place. While 
this is a reasonable alternative, there are disadvan- 
tages. If, for example, the filters will do double duty 
in the transmitter portion of a transceiver, BFO crystals 
would have to be used in order to ensure predictable 
filter performance. Most filter manufacturers specify 
the filter 20-dB attenuation points as the recom- 
mended BFO frequencies for SSB operation. Shifts 
in the BFO frequency could cause loss of carrier sup- 
pression or an undesired audio bandpass. A synthe- 
sized BFO circuit for 9-MHz IFs was described in ham 
radio several years ago, but it did not have provisions 
for variable tuning.' For certain receiver applications 
- especially for radioteletype (RTTY) or serious CW 
work - a variable BFO is a desirable feature. But we 
are still at the mercy of the long and short-term drift 
characteristics of a free-running LC oscillator. In light 
of the considerable investment a homebrewer makes 
for a set of decent filters, it would be false economy 
to compromise an otherwise good receiver by using 
a second-rate BFO design. 

alternative approach - 
two 15-MHz oscillators 

I've been building a general coverage receiver for 
about five years - it's one of those low-priority pro- 
jects that just sits on the back burner and is worked 
on only during periods of extreme ambition. During 
my last brain-storming session I tackled its BFO cir- 
cuits. My particular application required a variable fre- 
quency source between 5.593-5.597 MHz (for pass- 
band tuning) and the ability to preset for sideband 
generation in a planned companion exciter that would 
make use of the receiver's BFO, VFO, and HFO 
signals. 

In designing the BFO circuits, I found an alternative 
to using expensive BFO crystals that would retain the 
versatility of a variable BFO. While my circuit uses two 
oscillators in the 15-MHz range, the particular frequen- 
cies are not of primary importance. (It would be wise, 
however, to avoid frequencies that fall on other re- 
ceiver IFs or in the main tuning ranges.) Plated crystals 
in the 10 to 22-MHz range (fundamental frequency) 
will work the best; surplus crystals using pressure-plate 
mounts are not recommended. 

What is important is that the frequency difference 
of the two crystals is in the exact center of the variable- 
frequency range we desire. I ordered two CS-1 grade 
crystals from International Crystal Manufacturing 
Co.,' and they seemed to be quite willing to match 
the error of the two crystals during production. This 
BFO system is readily adaptable to other popular IF 
filters in the 5,8, or 9-MHz ranges by simply inserting 
the proper crystals into the circuit. 

Both crystals are used in identical Colpitts circuits 
(fig. I), except in that the frequencies are varactor 
controllable to a small degree. The total BFO shift is 
at least 4 kHz using the fundamental mode. This shift 
can be increased to about 6 kHz by installing 1.0 pH 
inductors (molded chokes) in series with the crystals. 
A circuit for overtone crystals in the 40-50 MHz range 
is shown, (fig. 2). The maximum frequency excursion 
is considerably lower - typically 1.5 kHz. Series in- 
ductance can be used to increase the tuning range of 

By Peter J. Bertini, KIZJH, 20 Patsun Road, 
Somers, Connecticut 07061 
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R E G U L A T E D  9 VOLTS 
0 

15h Z N 3 9 0 4  

- 

-- -- 0 R E C U L  A T E D  13 8 V  

J v H  
- 

.r 2 2 0 0  

PNZZZZ  

6 8 p H  H I - Z  6 V P - P  

2  4  

0  I  

IOOh 
2 7 0  :. I 2 0  2 4 0  

m 

V,,,, ( F I G  31  /t? 6 M H z  LOW P A S S  

R E C U L d T E D  9 VOLTS 

9 

15 L 

2 4  

2 4  

M V Z I I I  

4 7 0  

Voscz ( F I G  31  

fig. 1. Complete VCXO schematic. Shown are the fundamental mode oscillators, the mixer stage, and buffer. As described 
in the text, crystals Y1 and Y2 are in the 10 to 22 MHz range. International Crystal type CS-1 3rd overtone crystals ( ICM 
No. 471360) were operated on their fundamental mode in this circuit. 

the overtone mode slightly, but the inductors should 
not be greater than 0.5 pH. It is likely that most BFO 
requirements can be met with approximately a 1.5-kHz 
tuning range. 

With both varicap control inputs tied to 1 I2  Vcc the 
BFO output should be at the exact difference fre- 
quency. If a small error exists it can be trimmed out 
by careful adjustment of the 45-pF trimmers in the Col- 
pitts feedback network. Initially both trimmers should 
be set at midpoint, and any required trimming accom- 
plished by adjusting both trimmers equally in opposite 
directions. NPO capacitors should be used in the 
oscillators. The oscillators should be powered from a 
9 to 10 volt regulated source. Either a zener or three- 
terminal regulator will serve here. 

SSB requires few kHz 
frequency change 

Some common VCXOs (Variable Crystal Oscillators) 
use both variable capacitive and inductive elements 
to achieve a wider pulling range. Typically these cir- 
cuits become somewhat unstable at the tuning ex- 
tremes. In this BFO design, we require only a few kHz 
tuning range to meet most SSB BFO requirements. 
In my circuit two oscillators are pulled in opposing 
directions, effectively doubling the range normally ex- 
pected from a single oscillator. Producing the two 
varactor tuning voltages could be accomplished using 
a dual-ganged potentiometer, but I chose the more 
elegant approach of using an IC voltage inverter to 
drive one of the oscillator varicap diodes. This permits 

'International Crystal Manufacturing Co.. 10 North Lee, Oklahoma City, the use of a single-stage variable potentiometer to con- 
Oklahoma 73102. trol both oscillators. At  first glance, the circuitry used 
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to accomplish this may appear to be more involved mW) when driving a 50-ohm load; or about 6 volts 
than necessary. This will be explained in greater detail P-P driving a high-Z termination. The low-pass filter 
further into this article (see fig. 3). shown is optimum for outputs in the 5-6 MHz range. 

The mixer is a 40673 dual-gate MOSFET. An emit- These values can be scaled for other IF ranges. Suit- 
ter-follower buffer stage provides about + 7 dBm (5 able filters can be found in tables appearing in hand- 

books or electronic data books. 

REGULATED 9 VOLTS 
0 

15 b 2 N 3 9 0 4  

0 . 3 3  p H  - - 

6 8 0 0  

M V 2 I I I  

0 . 0 0 1  

, r 
YI = OVERTONE CRYSTAL 4 0 - 5 0 M H z  

(SEE r ~ x r l  

fig. 2. Optional overtone oscillator circuit for use in the 
BFO. Crystals again are ICM CS-1 (No. 4713601 3rd over- 
tone cuts in the 40 to 50-MHz range. Using this overtone 
circuit, the maximum BFO tuning range will be limited 
to about 2 kHz. 

good performance at low cost 
Although not shown in the schematics, it would be 

simple to switch trimpots into the circuit in place of 
the tuning potentiometer to permit generation of fixed 
discrete BFO frequencies. Thus, one could switch 
automatically to a preset BFO frequency during trans- 
mit and have either preset or manual control of the 
BFO during receive. The real beauty of this circuit is 
in the long and short-term stability it ensures. Because 
of aging or temperature cycling, crystal or component 
variations should result in a nearly identical positive 
or negative frequency shift in both oscillators, but the 
desired difference-frequency will be closely main- 
tained. Control voltages should be taken from a regu- 
lated low-noise source for best results. The noise-floor 
of this BFO will be better than most free-running 
designs, contributing to better post-filter IF noise 
performance. 

The cost of this circuit compares favorably with the 
cost of individual low-frequency crystals. While the 
unit shown was built for 5.595 MHz, the basic scheme 
is useful for other HF and MF frequencies. The circuit 
is also useful for a variable frequency source in other 

UP- L M 3 2 4  

L M 7 4 1  GROUNO P I N 4 ,  VCC TO PIN 7 

LY324 GROUND PIN 11. VCC TO PIN 4 

fig. 3. Control tuning voltages are provided by this circuit. The settings for R1 and R2 are discussed in the text. Shielded 
leads should be used to carry the voltage-oscillator signals to prevent incidental FM modulation from external AC field. 
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applications requiring good stability over a small fre- 
quency range, such as LOs for IF-variable passband 
or bandwidth tuners, or perhaps as a fine frequency- 
shifter in some PLL designs. 

initial adjustments 
The varicap diodes do not exhibit a linear change 

in capacitance for a given change in voltage over the 
entire available VCXO tuning range. Some empirical 
"cut-and-try" adjustments will be needed to obtain the 
desired results. The greatest change in varicap capac- 
ity occurs in the first few volts of tuning bias voltages; 
this is also the area of greatest non-linearity. Higher 
tuning voltages will result in smaller tuning ranges, 
while the tuning linearity will improve. Trimpot R1 sets 
the DC gain of the op amps (to control the maximum 
shift of the varicap tuning voltage). The op-amps 
should be powered from a well-regulated 15 to 24 volt 
supply. Maximum tuning range will be obtained with 
the higher voltage. 

Trimpot R2 sets the DC offset of the two op amps 
used to drive the varicaps (to set the DC voltage at 
which the tuning voltage will start and end). The 
LM324 op amps were used because of their ability to 
reach near the power supply bus voltages (Vcc and 
ground) extending the tuning voltage range to those 
limits. 

Trimpot R1 is adjusted to set the desired voltage 
swing for the varicap tuning produced by the full rota- 
tion of the tuning potentiometer. Trimpot R2 is used 
to set the bias point of the varicaps (the voltage mid- 
point between the tuning-voltage extremes). Regard- 
less of the setting of R2, the center-tuning voltage for 
the two varicaps will be the same. For example, 
assume R1 was set for a 2-volt range, and R2 was set 
for a center-tuning voltage of 4 volts. The result would 
be that the noninverted varicap would swing from 3 
to 5 volts, while the inverting varicap tuning voltage 
conversely would swing from 5 down to 3 volts, for 
a full rotation of the tuning potentiometer. If R2 were 
set for 7 volts tuning-center, the varicap tuning vol- 
tages would be from 6 to 8 volts and 8 to 6 volts, 
respectively. At first this may appear to be trivial, but 
remember that the tuning curves for the varicaps is 
not a linear function. This circuit ensures that any non- 
linearity of tuning - on either side of center - will 
be the same, or symmetrical to each other. Thus, the 
related panel markings would be symmetrical and 
more pleasing to the eye, and the "tuning-feel" more 
natural. 

reference 
1. Raymond C. Petit, W7GHM. "Phase-Locked 9-MHz BFO." ham radio. 
November, 1978, page 49. 
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50 ( 82.12 1.50 8 2 5 9 ~  3.50 22 Pin 711 .OO 

:-5 5.00 
14.95 

24 Pin 611.00 

ar ru-5 5.75 28 Pin 611 .OO 

-34 3.20 40 Pin 511.00 
37 5.75 

. --a8 7.50 BUY $10 
GET $1.00 - FREE CHOICE 

. . . . . . . . . . . . . .  
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ZBOCTC 1.25 COMPUTER 
. . . . . . . . . .  

:turerwho I Z~ODMA-DMA 7.50 MANUFACTURERS 
. . . . . . . . . .  , Z8OPIO 1.49 EXCESS INVENTORY 

. . . . .  3.99 SALE! 

27128-45 

from a computer manufac 
r e d e s ~ g n e d  thet r  boa ras  w e  ~ 8 0 ~ 1 0 / 0  
removed them from sockets, erased Z80A-4MHZ CPU 
and ver~f led them, and now we offer Z8OA-CTC I PRIME' 2114-300 n S 

the sav'nas to  vou Comolea- 7QnA nAnT 

' 1 
INCREDIBLE PRICE' 7 sn 

satisfaction guaranteed. 
. . . . . . . . . .  Z80A-PI0 
. . . . . . . .  Z80A SlOlO 

2016-2KX8 200 n.s. . .  8120.00 1771 Single Density . .  
. .  . .  2101-1 - 256x4 500 n.s. .75 1791 Double Density 

. . . . . . .  21L02-1 350 n.s. .65 1793 Special . .  
2102AL-4 L.P. 450 n.s. . 1797 

2111-1 256x4 500 n.s' "" 2797 20.00 1 1.8432 . . .  . . . . . . . . . .  . . . . . . . . . . . . . .  
. . . .  2114L-3 1KX4 300 n.s. 1.50 

8110.00 2.560 . . . . . . . . . . . . . . . . . . . . . .  
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2147 4KX1 . . . . . . . . . . . .  3.95 1797 or ,793, 2143-03. 1691 3.2 . . . . . . . . . . . . . . . . . . .  
TMS4044 (MCM6641 C-25) 3.4560 . . . . . . . . . . . . . . . . . . . . . .  

,,, , "'" '"" . . . "  " " " " " .  .-- 
Z8OA-DMA 9.00 YOU SAVE! . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . .  1.00 200 n.s. CMOS . . . . . . .  8120.00 4.194304 1.50 
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. . . . . . . . . . . . . . . . . . .  1 .oo . . . .  Ceramic Computer Mfg. AY5-1013 pin out 2.95 5.0688 2.50 
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P Be 6. MICRO (214) 271-5546 ~1 md - 
Big Computer Manufacturer Does It Again!!! 

DlSK DRIVE BONANZA - DOUBLE SIDED S1/4" 
DOUBLE DENSITY FACTORY NEW DlSK DRIVES 

MANUFACTURED IN JAPAN BY CANON. 
THESE ARE PROBABLY THE MOST BEAUTIFUL 

5'/4" DlSK DRIVES WE HAVE EVER SEEN 
ON THE SURPLUS MARKET!! 

BRAND NEW: UNUSED! Z A  n 

EACH FOR POSTAGE 

SPECS: DOUBLE SIDED - 40 TRACK 
SINGLE OR DOUBLE DENSITY 
TWO THIRDS HEIGHT (SPACE SAVER!!) 
INDUSTRY STANDARD PIN OUT 
DIRECT DRIVE - NO BELT TO BREAK! 
FAST ACCESS - 6MS 
LATEST HEAD & DRIVE TECHNOLOGY 

The same poor purchasing agent who nearly got lynched for over buying so many D.C. 
switchers has gotten carried away again. The Big Boss found another hiding place crammed 
with a truckload of the brand new precision manufactured 5'14" disk drives. Fortunately for us, 
the Big Boss remembered us from the switchers deal and he gave us an opportunity to make 
the "Second Best" surplus buy of the decade. Even though we bought a hugequantity, please 
order early to avoid disappointment. Please do not confuse these sleek, 213 height, high 
quality Japanese disk drives with the flimsy domestic units sold by others. 

SERIAL ASCII KEYBOARD 

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: 1 2  x 5%" 

These won't last long at this price!!!! 

ATARl HEX KEYBOARD 
(REPEAT OF SELLOUT) 

Originally designed for use with an Atari Home 
Computer. Brand new in box. Encoded using the 
popular National Semi 74C923. Full schematic 
included. Originally sold for many times our price. 
Many applications besides computer use. 
(ADD $1 .OO each shiooina cost)  m '  . .  - , 

TERMS: (Unless specified elsewhere) Add Sl.5Oposlage. we pay balance. Orders over $50 00 add85C tor Insurance. No C 0.0.  Texas Res. adds-l18°0 Tax. 90 0ay Money Back 
Guarantee on all items. All Items rubiecl toar~or  sale Prices sub~ect lo  chanae wilhoul nollce Foreian order - US funds only. We cannot %hi0 lo  Mexico. Counlries other than 
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TIME FOR AN ASi b BREAKTHROUGH 
The high quality of AEA products is appreciated long after the price 
paid is forgotten. i 

THE FANTASTIC DOCTOR DXTM 

% Wave Telescope Antenna You Won't Believe It! 

Will Improve the operallng sktlls 01 A N Y  CW Operatof' 
More lun lhan A N Y  Morse Code lralner ye1 devlsed 

. Easy lo  use-llve usual cw!trnands 
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A u l o m a l ~ c  serial number. Memory heyer. 

ISO . 440-584 95' Variable monl lo r  lone. memory). TWO speed memories. Prol lc lency lralner 

lSOPOLE  ANTENNA^^ All AEA Keyers operate from 9-15 VDC (power supply not included) and offer many more advanced 
leatures than can be listed here. It is no accident that AEA keyers are regarded as the best in the world. 



a compact 
IF sweep generator 

A stable frequency source 
with excellent linearity 

and constant output level 

In a sweep generator for the lower IF and HF bands, 
tuning diodes, or "varicaps" generally don't produce 
sufficient frequency swing with acceptable linearity. 
On the other hand, other methods of frequency 
sweeping - for example, frequency conversion, 
reactance circuits, and mechanical tuning - may 
cause the cost and complexity of a home-brew pro- 
ject to increase to the point of being both unaffordable 
and impractical. 

That is why, after coming across an old and half-for- 
gotten oscillator circuit, I was pleasantly surprised to 
find that a large frequency sweep with good linearity 
isn't that difficult to build, as this simple little test 
instrument shows. 

To keep the sweep generator as practical and un- 
complicated as possible, I decided to use only one fre- 
quency band (100 to 200 kHz), using the harmonics 

ie- base genera 

osci 
I 

of the basic signal for higher frequencies. This 
approach offers the advantage of using only one coil, 
without any switching circuit. It also permits the use 
of a simplified power output stage, which requires only 
an ordinary low-power transistor. 

The principle of using harmonics works out very 
well. Because the frequency of a measured filter is 
generally known, confusion about the correct fre- 
quency is unlikely. In addition, the waveform of the 
output signal cannot alter the response of the filter 
under investigation. Interference from other than the 
wanted harmonic is not possible either, because the 
next harmonic is always at least 100 kHz away. 

By making the sweep generator deliver pulses rather 
than sine waves, another advantage comes to  light: 
it's easy to keep the output level of the different har- 
monics constant, regardless of frequency variations, 
by simply maintaining $he wave form (duty cycle) of 
the pulse signal. 

The little frequency sweeper has already demon- 
strated its value - not only by aligning IF strips in my 
equipment, but also by inspiring me to carry out 
several interesting experiments with crystal filters that 
would otherwise be very difficult to do. 

how it works 
The principle of the variable oscillator is based on 

a vacuum tube circuit originally described by K.C. 
Johnson in the AprilJMay, 1949 issue of Wireless 
World. Although it has been revived in solid-state form 
since that time, the circuit never really caught on for 
reasons perhaps best expressed by Johnson himself: 
"It would appear," he said, "that most people do not 
believe that it could ever work." 

The circuit is basically that of a Butler oscillator (fig. 
1A) tuned to a frequency determined by L1 and C1. 
In the sweep oscillator, L1 is made electrically variable 
by what is known as "turns cancellation." This is 
achieved by coupling the coil to another coil, L2, which 
passes an RF current of opposite phase. 
The magnitude of this out-of-phase current depends 
upon the imbalance of a differential amplifier (fig. 1B). 

For example, when applying more negative voltage 
to its base, the gain of Q1 is reduced and 02 is conse- 

Inside view of the IF sweep generator. Circuit simplicity and By Hans Evers, PABCXIDJBSA, Am Stockberg 
ordinary components provide a versatile iest instrument. 15, D-5165, Hiirtgenwald, West Germany 
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fig. 5. Output waveforms of the sweep generator. Left 
at 100 kHz, right at 200 kHz. As with varying frequency 
the duty cycle remains constant. The RF power level does 
not alter within the tuning range of each harmonic. 

1 

B I S I C  - 1 -  H a  R M O N I C S  * 
S I G N A L  

thin copper wire, and finally soldering the total into 
one solid metal blob. This assures that the two tran- 
sistors will remain at virtually the same temperature, 
while their common, relatively heavy thermal mass pre- 
vents fast frequency drift. 

In applications in which the sweep generator is used 
for sweeping filters at frequencies lower than 100 kHz, 
the basic range of the oscillator may be dropped to 
50 to 100 kHz at the expense of a slight deterioration 
in frequency linearity. Double-throw switch S1 shorts 
one of the tuning capacitors and also shorts a resistor 
in series with the CENTER FREQ potentiometer. This 
enables the oscillator to work on half frequencies 
within the linear portion of the control range. 

The calibration of both CENTER FREQ and A FREQ 
could be done very accurately by listening to the har- 
monics of the oscillator with a communication 
receiver. 

+ l o -  
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4 
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fig. 6. Power supply for sweep generator. 
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F R E O U E N C I  ( k H z 1  

fig. 4. Effective output level of basic signal and its har- 
monics up to 2 MHz. 

The sawtooth generator circuit enables sweep rates 
from twice a second, for slowly sweeping sharp-edged 
responses from crystal filters without the risk of ring- 
ing effects, to 20 Hz, permitting a flicker-free oscillo- 
scope display. 

To keep the frequency deviations symmetrical 
around the center frequency, R5 may need some cor- 
rection. Also the values given for R7 and R8 are 
approximate, as these resistors determine the A FREQ 
calibration. 

When using a harmonic of the basic oscillator signal, 
not only does the frequency increase, but the indicated 
A FREQ value must also be equally multiplied. At 
higher frequencies the sweep width may consequently 
become too large and therefore impractical. Thus a 
provision was necessary for dividing the sweep width 
by a factor 10 in the form of R8. Normally this extra 
series resistor remains shorted by S2. 

wave-shaping circuit 
This circuit produces the harmonics of the oscillator 

signal. As a general rule, the widest harmonic spec- 
trum may be created by generating the shortest pulses. 
However, the shorter the pulses, the less power each 
harmonic contains. After some experimenting (to 
compensate for my insufficient experience with 
Fourier-analysis techniques) I decided to aim for an 
output pulse with a duty cycle of about 30 percent. 
This is not too difficult to obtain and results in an 
overlapping spectrum of output signals, the levels of 
which remain - at least up to 2 MHz - within a 10-dB 
range (fig. 4). Only above 2 MHz does the effective 
output tend to drop beyond this range. 

The signal strength of each individual harmonic is 
a different matter. It should remain constant during 
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IFsweep generator has a frequency range of 1:2 with excellent 
linearity. 

the sweeping process. To make this possible, not only 
the amplitude but also the duty cycle of the rectangular - 
waveform must remain constant, regardless of 
frequency. 

A satisfactory sine wave can be obtained from the 
oscillator section by trimming R4 and C3. At the same 
time, a constant amplitude is maintained over the full 
frequency range. 04  conducts mainly on the tops of 
this sine wave. These tops are then amplified and 
clipped, which results in a rectangular waveform 
(fig. 5). The surface of these pulses (amplitude X time) 
stays constant, regardless of frequency. This assures 
a constant output level of each harmonic. 

The pulse characteristic of the output signal permits 
the use of an ordinary low-power transistor for the out- 
put stage. Functioning as an electrical switch, rather 
than an analog amplifier, the transistor must handle 
neither appreciable voltage nor current at any com- 
mon moment in time. This explains how a perfectly 
cool little 200 mW transistor is capable of delivering 
the total output power [basic signal plus all harmonics 
togethe;) of almost 1 watt. 

The output impedance of the final stage depends 
on the setting of the OUTPUT LEVEL potentiometer. 
At maximum setting, the output impedance is equal 
to half the value of the potentiometer; that is, 250 
ohms. Still, the sweep generator can be safely loaded 
with 50 ohms impedance without upsetting anything. 
Only an amplitude over 50 ohms will drop to one-fifth; 
that is, about 5 volts. 

power supply 
The power supply (both + 12 volts and - 12 volts 

at about 65 mA) may be very simple (fig. 6). using 
78L12 voltage regulators. The hum level must be low, 
because any ripple on 01 and 02 control voltages 
causes frequency modulation. Although the toroidal 
coil L1/L2 is relatively insensitive to stray fields, it may 
nevertheless pick up hum from a nearby transformer, 

fig. 7. Top: Response of IF amplifier with 9 M H z  crystal filter 
in HF transceiver. Sweep rate4 Hz. Bottom: poorly matched 
mechanical bandfilter in 455 kHz IF amplifier (Collins F455- 
J-311. S w e e ~  rate 4 Hz. 

causing a rippling oscilloscope display. It is for this 
reason that the power supply has not been incorpor- 
ated into the sweep generator itself, but is instead con- 
nected at the end of a 3-wire lead. 

The RF detector for this sweep generator is a sim- 
ple diode detector. Two examples using this detector 
are shown in fig. 7. However, the value of the 
measurement can be enhanced considerably by using 
a logarithmic detector instead. This permits an ampli- 
tude display on a decibel scale, over several decades, 
if necessary. (A  simple version of such a logarithmic 
detector will be the subject of a forthcoming article 
in ham radio.) 

ham radio 
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graphical selection 
of mixer frequencies 

See, at a glance, 
any spurious 

that might 

cause problems 

Selecting the proper mixer frequencies can be a 
real problem. Often a lengthy trial-and-error procedure 
yields unsatisfactory results because of too many 
spurious signals in the passband. The graphical tech- 
nique described here will deliver more accurate results 
in less time and with less difficulty. Some plotting is 
required, and a simple calculator will help with the 
math. 

background 
When two frequencies, f l  and f2, are combined in 

a mixer, the nonlinear action of the mixer produces 
a series of products that have the form: 

P = M f ]  + Nf2 (1 1 

where M a n d  Nare  positive or negative integers, and 
P is the frequency of the combination. In ordinary 
mixer use, a bandpass or low-pass filter removes all 
but the desired product P, called the desired output 
frequency, or fo. Generally, the larger M and N are, 
the smaller the amplitude of P. Then, too, the farther 

a particular P is from fo, the less interference it will 
cause. One way to measure the frequency separation 
is to use the percentage separation, S, given by: 

Now, if fl is always chosen as the smaller of f i  and 
f2, then the ratio fi/fi can be given by: 

where fo = f2 + fl 

where fo = fi - fi 

Equations 3 and 4 are used to plot the spurious com- 
ponents, or spurs; eq. 3 is used for sum spur charts, 
and eq. 4 is used for difference spur charts. The case 
for N = M appears as a vertical line on the sum chart 
at S = 100(N - 11, and the case for N = - M ap- 
pears as a vertical line on the difference chart, also 
at S = 100(N - 1).  

I 

conversion of fixed frequencies 
I Figure 1 shows a graph with several spur plots for 
1 fl = 3 MHz and f2 = 18 MHz. Which ones need to 

be plotted? Well, that depends on how stringent your 
requirements are. Once you determine how low the 1 spurs must be, you need plot only the spurs which 

By G. Timothy Anderson, WZHVN, 
902 Ashburn Street, Herndon, Virginia 22070 
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P E R C E N T A G E  S E P A R A T I O N  

fig. 1. Spur chart for fixed-frequency conversion exam- 
ple: f,, = f, + f,. 

table 1. Typical values of spurious levels in a double- 
balanced mixer. Values shown are in dB below desired 
output. Here, ,f2 is the local oscillator frequency. 

f2 2f2 3f2 4f2 sf2 6f2 

6f1 90 90 90 90 90 90 
5f, 80 90 71 90 68 90 
4f1 90 86 80 88 85 86 
3f1 64 69 50 77 47 74 
2f1 73 74 70 71 64 69 
f1 0 35 13 40 24 45 

might exceed that level. Some manufacturers provide 
tables of spur levels for different values of M and N." 
Table 1 shows some typical values. 

To use a spur chart such as shown in fig. 1, you 
must somehow represent the bandwidth of the sys- 
tem. In fig. 1, this is done by plotting a dashed line 
representing an output frequency range for a given fi 
and f2. The end points are denoted by SL and SR.  

1 

and 

'Mini-circuits, P.O. Box 166, Brooklyn, New York 11235, and Watkins- 
Johnson Company. 3333 Hillview Avenue, Palo Alto. California 94306, for 
example, furnish tables of this kind. 

where.fol_ andJOR are, respectively, the low and high 
ends of the output passband. SL and SR are the 
abscissa values; the ordinate value, f1/f2,  is already 
known. Refer again to fig. 1. If, for example, an out- 
put passband of 10 MHz is chosen, from 15 MHz to 
25 MHz, then SL = -28.6 and SR = 19.0. The 
ordinate is fl/f2 = 3/18 = 0.17. Note that two of the 
spurs intersect the bandwidth line, - f l  + f2 and 
2fl + f2. This means that these two spurs are in-band 
harmonics. If the bandwidth was narrowed to, say, 
5 MHz (18.5 MHz to 23.5 MHz), then the end points 
would be closer together and the spurs would be out- 
side the passband. Note that if the slope of the filter 
is known, the attenuation of the out-of-band spurs can 
be calculated because fig. 1 indicates how far out on 
the filter skirt the spurs are located. Of course, there 
is still the problem of the 18-MHz signal in the out- 
put. It, too, is a spur, and must be taken into con- 
sideration since it will be down probably no more than 
50 dB. 

conversion of bands of frequencies 
Now that I've discussed a specific case with fixed 

frequencies, let's consider the general case - con- 
verting one band of frequencies to another band of 
frequencies where fl, f2, and fo have different band- 
widths. Suppose you want to convert 300 MHz + 10 
MHz to 200 MHz + 15 MHz by mixing with 100 MHz 
+5  MHz. You have flL = 95 MHz, flH = 105 MHz, 
f 2 ~  = 290 MHz, f2H = 310 MHz, fOL = 185 MHz, 
and fOH = 215 MHz. First you'll outline the region you 
want to be free of spurs. (In general, this takes the 
shape of a hexagon with slightly curved sides. Since 
the curvature is slight, you can assume straight lines 
to ease the computations and still retain good ac- 
curacy.) This is done by using eqs. 5 and 6 to calculate 
the corner points. Different combinations of the high 
and low extremes of fl and f2 are used to find each 
particular fo. Here's how to do it (remember - fo = 

f2 - fl here). 

Calculate: SL using flL and fZH 
SL using flH and f2H 
SL using flH and f 2 ~  
SR using flH and fpL 
SR using flL and f 2 ~  
SR using flc and f2H 

These calculations produce the numbers shown in 
table 2, and the six points 1 through 6 in fig. 2; the 
dashed lines define the desired spur-free area. For this 
combination of frequencies, two spurs cross the hex- 
agon. Either of two things can be done to resolve this. 
You can change the frequencies or try a high-level 
mixer with reduced drive, which will result in fewer 
spurs. 
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P E R C E N T A G E  S E P A R A T I O N  

fig. 3. Spur chart with fl having zero bandwidth - 
fo = f2 + f,. 

I P E R C E N T A G E  S E P A R A T I O N  

appendix 
fig. 2. Spur chart for conversion of bands of frequencies 
- fo = f2 + f,. The circled numbers (1-61 are those 
referred to in the text and listed in fable 2. 

1 

table 2. Values for points 1 through 6 in fig. 2. 

point SL SR fJ fz  

1 - 13.95 - 0.31 
2 - 9.76 - 0.34 
3 0.00 - 0.36 
4 - 16.22 0.36 

5 - 10.26 0.33 

6 - 0.00 0.31 

As a final example, let's try upconverting 28-32 MHz 
to 50-54 MHz by mixing with 22 MHz. Here, fl has 
zero bandwidth (flL = flu). This produces the dashed 
line (---I shown in fig. 3. Two things are evident: the 
hexagon is now a quadrilateral (because one of the 
frequencies, fl, has zero bandwidth), and one of the 
spurs cuts through this quadrilateral. If you select a 
different combination - say, fl = 22.5 MHz and 
f2 = 27.5 - 31.5 MHz - then you get a quadrilateral 
as shown by the dashed-and-dotted line ( - . - I  in fig. 
3. This new area is spur-free so the filtered output will 
be free of spurs. 

Equation 2 can be rewritten to  give: 

fas 
P = m + f o  (71 

For the case when fo = f2  + f i ,  inserting eq. 1 in eq. 7 yields 
P = M(fo - f2J + Nf2, or 

P - Mfo 
f2 == (81 

Equation 8 can be used in the expression for f l / f 2  to  eliminate f2: 

Now, ~f eq. 7 is ~nserted Into eq. 9: 
Nfo - (SoS/1OO + fo) 

= foS/lOO + fo - MFo 

If fo = f2 - f l ,  a similar procedure gives: 

and 

reference 
1. M.Y. Huang et. al., "Select Mixer Frequencies Painlessly," Electronics 
Design, No. 8, April 12, 1976, pages 104-109. 
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computer tutor 
Let your VIC-20 I 

help you upgrade 

For many Amateurs, it isn't theory or rules and regs 
that make upgrading difficult - it's the code. Jumping 
from a plateau of 10 words per minute or 18 words 
per minute seems impossible. 

Satisfying these code requirements is even more dif- 
ficult if you don't get enough practice. If CW isn't your 
favorite mode of operation, you're not likely to push 
yourself to practice on the air. Practice with code tapes 
can be productive - until you start memorizing them. 
And WIAW's code practice, while useful, may not 
always match your schedule or be strong enough to 
COPY. 

With this program (fig. I ) ,  you can turn your VIC-20 
personal computer into your own personal Morse code 
computer tutor. This tutor will give you all the prac- 
tice you ask for at any time, at any speed, and always 
at Q5 conditions. 

what the program does 
The computer tutor sends groups of 20 random 

Morse code characters at any user-selectable speed 
starting at 4 words per minute. You type in the 
characters as they are sent. After the twentieth 
character the tutor identifies the random characters 
it has sent, and then lists your responses and your 
score. A particular advantage of this system of prac- 
tice is that it forces you to copy Morse code with a 
keyboard; without a keyboard, few people can 
transcribe code at speeds greater than 25 WPM. 

1 REM MORSE CODE COMPUTER-TUTOR 
BY LAWRENCE G SOUDER. N3SE 

2 P R I N T  " O I  WILL SEND A GROUP OF TWENTY CHARACTERS. 
FOR SCORE H I T  RETURN." 

3 P R I N T  "HOW MANY WORDS PER MINUTE DO YOU WhNT?" 
5 INPUT V 
6 S = 27-V 
7 C=0 
8 Z=0 
9 K*="": T)i="" 
1 0  GOTO 100 
20 C*=". -Au 
2 1  RETCIRN 
2 2  C*="-. . . B "  
23 RETURN 
2 4  C%="-.-.CU 
2 5  RETURN 
2 6  C%="-. .D"  
2 7  RETURN 
7Fi C*S", E "  
& - 
29 RETURN 
3 0  CB=". .-.F" 
3 1  RETI-IRN 
32 c$="--.G" 
3 3  RETURN 
3 4  C%=". . . . H" 
35 RETURN 
3 6  C%=". . I " 
3 7  RETURN 
38 C%=".---J" 
39 RETURN 
4 0  C%="-.-K" 
4 1  RETURN 
4 2  I:%=".-. . L "  
4 3  RETURN 
4 4  C5="--Mu 
4 5  RETURN 
4 6  I:.%="-. N" 
4 7  RETURN 
4 8  C$,="---O" 
49 RETURN 
50 C%=".-- .PU 
5 1  RETURN 
52 c$=~--.  -nam 
53 RETURN 
5 4  C%=".-.R" 
55 RETURN 
5 6  C%=". . . S" 
5 7  RETURN 
5 8  C$="-TM 
59 RETURN 
6 0  Cbz" .  . -U" 
6 1  RETURN 
6 2  CS=". . . -V" 
6 3  RETURN 
6 4  C%=". --Mu 
6 5  RETURN 
6 6  C%-"-..-Xu 
6 7  RETURN 
68 C*sn-.--yn 
C.9 RETURN 
7 0  C%r"- - . .ZU 
7 1  RETURN 
7 2  C$-M. ----I " 
7 3  RETURN 
7 4  C$=" .. 2 "  
75 RETURN 
7 6  CS=". . . --3" 

fig. 1. N3SE program for Morse code training and prac- 
tice on the VIC-20. 

how the program works I 
After printing a sign-on message the program in- 

puts the user-selected speed in line 5. Lines 6 through 
9 initialize certain variables such as character counter, 
correct response counter, and character strings. Lines 
20 through 91 are subroutines that store all the 
dotldash patterns and their printable equivalents. 

The selection of the random character and its con- 
version into Morse code begins at line 100. Here the 
program generates a random number between 1 and I 
36 inclusive. Lines 110 through 120 use the random By Lawrence G.  Souder, N3SE, 4539 Manayunk 
number to select one of 36 characters - the letters Avenue, Philadelphia, Pennsylvania 19128 
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7 7  RETURN 
7 8  CS-" . . . . -4" 
7 9  RETWIN 
80 CS=". . . . .5" 
8 1  RETURN 
8 2  CS-"-. . . .6"  
8 3  RETURN 
8 4  CS="--. . .7"  
8 5  RETURN 
86 CS-"---. .8" 
8 7  RETURN 
88 CS="---- .9" 
89 RETURN 
9 0  CS=------O- 
91 RETURN 
100  R - I N T I R N D ( l ) r 3 6 ) + 1  
103  I F  C-20 GOTO 5 0 0  
105 I F  R > 2 1  GOTO 120  
110  ON R GOSUB 20.22.24.26.28.30.32.34.36.38.40~42. 

44.46.48.50.72.54.56~588 ten 
1 1 s  GOT0 130  
120 ON R-21 GOSUB 62.64.66.68.70.72. 74.76.78.80.82. 

84.86.88.90 
130  TS-TI+RIOHTS(tS. l)  
131 C=C+1 
134 ClS=RIGHTSICS.l)  
135 GOTO 2 0 0  
140  GOTO 10C1 
2 0 0  L=LEN(CS) 
205  L=L-1 
210  N= l  
220  MS=MIDS(CS.N. 1 )  
230  N=N+l 
240  GOSUB 4 0 0  
2 5 0  I F  L>-N GOT0 2 2 0  
260  FOR X=lTOlO*S:GET LS  
262  I F  LSC>""THEN KS-KS+LS 
2 6 5  NEXT X 
270  GOT0 100  
400 S l - S  
410 IF ns=--" THEN s i - 7 0 s  
420 POKE 36878.15 
430 POKE 368751240 
440 FOR X=lTOS1*2: NEXTX 
4 5 0  POKE 36878.0  
4 6 0  FOR X=lTOS:GET LS 
464 I F  LSC:>""THEN KS=KS+LS 
46R NEXT X 
470 RETURN 
5 0 0  l NPllT R 
5 0 5  FOR X=l TO 2 0  
51,) IF MIDS(TS.X. I)=MIDS(KS,X, 1 )  THEN Z=Z+L 
5 2 0  NEXT X % 

525  PRINT "0" 
5 2 7  PRINT 
530 PRINT T I  
5 4 0  PRlNT k S 
5 4 5  PRINT 
550 PRINT 8 a v ~ ~ ~  SCORE IS ~ ~ : i o n * l z / i o ~ : ~ r ' ~  
5 6 0  PRlNT "aGaIN aT SaME SPEED9" 
5 7 0  INPIIT HI 
5 8 0  I F  RS='"Vq' GOTO 7 
5 8 2  PRINT "aT DIFFERENT SPEED7" 
584  lNPlJT RS 
5 8 6  I F  RS="VU GOTQ 3 
5Ql:l ENO 

A through Z and the numerals 0 through 9. For exam- 
ple, from the random number 7 these lines will select 
the character "G," which is held in l ine 32. 

Before the dotldash patterns are sent in Morse 
code, l ine 130 separates the printable character from 
its Morse elements and saves it to be printed later. For 
example, it separates the letter "G" from the string 
,, - - .G". Lines 131 through 265 take each dot and 
dash and call up a subroutine to output a tone of the 
proper duration. This subroutine is in lines 400 
through 470. 

'The hean-shaped graphic character in lines 2 and 525 is used to clear the 
screen in the VIC-20. 

Two FOR-NEXT loops produce the delays for the 
dots and dashes and for the spaces between dots, 
dashes, and characters. During these delay loops the 
program inputs any response from the user. After 20 
characters have been sent, lines 500 through 550 com- 
pare the random characters sent with the responses 
typed in and print out both strings of characters along 
with the user's score. Then lines 560 through 586 ask 
the user whether more practice is desired at the same 
speed, at a different speed, or not at all. 

modifying and adapting the program 
You might improve the program by adding some of 

the other characters such as punctuation. Do this by 
adding character string statements after l ine 91. Then 
extend the range of the random number generator by 
the same amount. For example, if you want to add 
a comma, add these lines after 91: 93 CS = "- -..- 
-, "; 94 Return. Then change the random number 
generator in l ine 100 to: 100 R = INT(RND(1)+37) 
+ 1 to make its range 1 through 37 inclusive. 

Now there's no excuse to put off upgrading. With 
this computer tutor you can get as much code prac- 
tice as you need at any time - and improve your 
typing skills, too. 
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A high performance 4 GHz, 70 MHz input 
receiver featuring programmable video 
and audio, hand held remote, four di f -  
ferent audio systems, switchable audio 
bandwidths, built- in RF modulator, t w o  
speed scanning modes and built- in stereo 
processor. 

Offers independent channel selection for 
multiple TV sets from a single antenna, w i t h  a 
selection o f  up  t o  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 tuning and video, automatic audio and 111 a - -- 
video digital memory, automatic polarization and 
four programmable audio modes. ~ 1 4 U I ? e  

The Northeast's Leading Distributor 
Sales and Marketing Assistance 

Satellite Factory Authorized Service 
Video 

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

Satellite Video Satellite Vidt?o Satellite Video Satellite Video 
Scrv~ces, lnc Services NH. In(:. Services PA. Inc Services WNY. Inc. 

RR # I .  Box 85-S RFD #2. Harr~man Hill Rd. 317 E. Pleasant Valley Blvd. East Avenue Extension 
C;~tskill, NY 1241 4 Raymond, NH 03077 Altoona. PA 16602 Hornell NY 14843 
51 8-678-9581 603-895-31 82 81 4-942-5003 607-324-3435 

800-528 DISH - National 800-448-0012 - National 800-242-3860 - PA Only 800-641-0018 - NY Only 
8110-83 1 -DISH - NY Onlv 

Uniclen M ' A  Corn Intersat Gensat Houston Tracker Winegard Conifer Laux Orbitron Kent Surveyor 
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YOU GET MORE "BANG FOR YOUR BUCK" 

AT TNT RADIO SALES! 
I Kenwood I Mirage I MFJ I Welz 
I lcom I KLM I Astron I Azden 
I Bencher I Telex Hygain I AlphaIDelta I Santec 
I AEA I Nye Viking I Bearcat I KDK 
I Kantronics I Larsen I Regency 1 Ameritron 

SALES AND SERVICE AT PRICES YOU CAN AFFORD! 
CALL OUR WATS LINE FOR LOW LOW PRICES! 

SPECIAL OF THE MONTH: LARSEN MAG MOUNT 4M jg PKG-$36.95 

I VlSAlMASTER CARD S.A.S.E. FOR OUR 
FREE SHIPPING "BENCH-TESTED" MON-FRI 9 AM - 6 PM CENTRAL TIME 
ON MOST RIGS FOR CASH! ' USED EQUIPMENT LISTING SATURDAY AM - PM 

Tubes 
...................... 3-4002 .................. .$85.00 7360 $10.00 
...................... 3-5002 ..................... 85.00 7735A 27.50 

4-400A ..................... 80.00 8122 ...................... 110.00 
................. ........................ 4CX250B 50.00 8156 12.50 

....................... 5728. ........ ..., ........... 55.00 8643 .82.50 
81 1A ........................ 12.00 8844 ........................ 26.50 
813 .......................... 30.00 8873 ...................... 175.00 
61468 ........................ 6.50 8874 ...................... 195.00 

...................... 6360 ........................ ..4.25 8877 500.00 

........................ 68838 ........................ 6.75 8908 12.50 
MAJOR BRANDS ON RECEIVER TUBES 

75% off list 
Semiconductors 

MRF 245lSD1416 ..$30.00 SD1088 ................... 19.95 
MRF 454 ................. 14.95 2N3055 ....................... 75U 
MRF 455 ................. 10.95 2N6084 .................... 12.50 

RF Connectors 
................... PL259 ................. 101$4.95 M358 2.50 ea. 
................... PL258 ................... 1018.95 M359 1.75 ea. 

UG 1751176 .......... 1011.60 Type "N" Twist on 
.............. UG2551u ............. ,250 ea. (RG81u) $4.75 ea. 

UG2731u .............. 2.25 ea. Minimum Order $25.00 - Allow $3.00 min. for UPS charges r /  125 
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As this issue went to press, U.S. 
Amateurs received FCC approval to 
operate on the new 12-meter band 
(24.89-24.99 MHz) as of June 22. Un- 
fortunately, we're approaching a 
sunspot minimum and the band will be 
relatively worthless for long-distance 
skip communication. But all is not lost 
- good contacts can be had by 
sporadic-E skip, and once in a while an 
unusual burst of activity from the sun 
will open the band for DX for a few 
hours. In any event, it's a good idea 
to get on the band and enjoy this new 
chunk of spectrum as soon as oper- 
ation is authorized. 

I've monitored the band for years 
and have heard plenty of DX when 
conditions were good. Over 40 coun- 
tries are licensed for operation on the 
12-meter band. See how many of 
them you can hear and work! Even at 
the low point of the sunspot cycle, the 
north-south path isn't bad, and you 
should be able to work some South 
American Amateurs when the band 
opens up. 

antennas for 12 meters 
Amateurs who have an "all-band" 

antenna with a tuner at the operating 
position can get on the band immedi- 
ately. Others will have to improvise. 
One quick way to get on the air is to 
string up a dipole or inverted-\/ to your 
tower and feed it with a separate coax 
line as shown in fig. 1. The higher you 
can get it in the air, the better the 
results. 

Another easy-to-erect antenna is a 
ground plane (fig. 2). As in the case 

, 

INSULATOR 
f T Y P )  - - -7 ' - 5 0  OR COAX 75 OHM - - 

fig. 1. Get on the new 12-meter band 
quickly with this dipole or inverted-V 
antenna. 

of the dipole, the higher you can erect the G8PO "JAWS" antenna 
it, the better it will work. If you have G8P0 has discussed an interesting 
time to build a beam for the band, fig. variation of the quad loop that has pro- 

provides a quad vided superior on 7 MHz (fig. 
antenna and fig- 4 provides Yagi 51.1 M~~~ height is less than that 
information. required for the conventional loop as 

the bottom portion is bent out of the 
vertical plane. The antenna is fed at 
one corner by a gamma match system 
to provide a good match to a coax line. 
Antenna polarization is vertical. 

The lower portion of the loop has 
three conductors in parallel, running 
nearly horizontal to the ground. Tests 
indicated improvement in performance 
over the England-New Zealand test 
path and some front-to-back signal 
discrimination became apparent. 

Checks against a conventional loop 
over the same path showed that the 
regular loop was consistently weaker 
during many contacts. The forward 
gain of the JAWS antenna was esti- 
mated to be 3 dB or better, and the 
front-to-back ratio was about 6 dB. 

e 9 ' 4 "  
t e e m )  
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I 
I 

I I 

4'11" 

C 

fig. 3. Two-element quad for the 
12-meter band. Driven element is fed at 
point F with 50 or 75-ohm coax line. 

c 50 OR 75 OHM 
COAX 

fig. 2. Simple ground plane for the new 
12-meter band. Vertical portion is made 
of 314-inch aluminum tubing. Radials are 
No. 14 wire. 



R 

( I  8 m )  

C 

D - 1 8 ' 4 "  f 5 . 6 m )  
A - 18 '11"  ( 5 . 8 m )  
R - e o ' s "  t e . 2 m )  

fig. 4. Dimensions for 12-meter beam 
made out of 1-inch tubing with 718-inch 
tip sections. Feedpoint resistance at Fis 
about 20 ohms. 

The gamma match is made of wire, 
with the gamma section measuring 
about 6.5 feet (1.98 meters) long and 
spaced away from the loop wire about 
4 inches (10 cm). The gamma capac- 
itor is 200 pF. 

the multiband antenna 
Independent experimenters have 

discovered that altering the shape of 
a driven element can change the har- 
monic resonance without appreciably 
altering the fundamental resonant fre- 
quency of the antenna. This is a good 
technique to use for a two-band an- 
tenna. A typical linear element of uni- 
form diameter, unfortunately, does not 
exhibit resonance on the exact har- 
monic frequencies because of end 
effects. A 7-MHz dipole, for example, 
is not resonant in the 21-MHz band. 

However, by changing the shape of 
the element, the third harmonic reso- 
nant frequency can be lowered with- 
out changing the fundamental fre- 
quency to any great extent. The prin- 
ciple is illustrated in fig. 6. The vertical 
antenna element A exhibits a quarter- 
wave resonance at 3.6 MHz. By for- 
mula, the antenna is 65 feet (19.81 
meters) high. The third harmonic reso- 
nance, by formula, falls at 11.6 MHz. 
The actual third harmonic of 3.6 MHz, 
however, is 10.8 MHz. Thus there is 
a difference of 800 kHz between the 
actual third harmonic of the funda- 

EACH RADIAL HAS A LENGTH OF 6 8 ' I I " I P l m J  
APEX OF EACH I S  F I X E D  TO A SUITABLE 
ANCHORINQ POINT  

APEX I ' 8 " f 5 O c m l  APART 

X - INSULATORS 

fig. 5. The G8PO "JAWS" Antenna for 40 meters. Directivity is to the left through the 
apex of the three parallel-connected wires. (Figure courtesy RSGB.) 

mental frequency and the third har- 
monic resonance of the vertical. 

If the vertical resonance at the third 
harmonic region could be "pulled" 
down to 10.1 MHz, then the antenna 
could operate in the 30-meter ham 
band (10.1 to 10.15 MHz). Can this be 
done without disturbing the resonance 
in the 80-meter band? 

Figure 6B shows the technique to 
accomplish this. The antenna element 
is made "fatter" near the area of max- 
imum third harmonic voltage. This pro- 
vides additional capacitance to ground 
at this frequency. On the fundamental 
frequency, the voltage is much lower 
at this point in the antenna element 
and the capacitive effect to ground is 
much less. In this manner the third har- 
monic resonance frequency is lowered 
without too much effect on the fun- 
damental frequency. 

Shown in fig. 7 is an antenna 
developed by K6KBE for two-band 
operation. A three-legged tower hav- 
ing a very thin upper portion and a 
tapered lower section, this antenna 
shows resonance on both the 80 and 
160-meter bands (fig. 81. 

The tower is 132 feet (40.2 meters) 
high with a base 12 feet (3.66 meters) 
on a side. The design frequencies are 
1.85 and 3.7 MHz. The SWR across 
the 160-meter band is less than 1.8:l 
at the band edges and below 1.5:1 
from 3.5 to 3.9 MHz, rising to 2.3:1 at 
4 MHz. 

The top 44 feet (13.41 meters) of the 
antenna consists of a flexible alumi- 
num whip, 2 inches (5.08 cm) in diam- 

0 0 

f = A / 4  AT 
FUNDAMENTAL FUNDAMENTAL 

i 
fig. 6. Antenna A shows classic response 
on fundamental and third harmonic. 
Antenna B exhibits lower-than-normal 
resonance on third harmonic while fun- 
damental resonant frequency remains 
virtually unchanged. 
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05"1127cnJ 

P* (5.OlcmJ 

3 " ( 7 . 6 l o n J  
D l l M E T E R  

q" (10.16cnl 
DIAMETER 

emo.w, r r p r c r L  

BUV WIRES. 
TVPICIL  

12' 1366mJ 

fig. 7. Details of 160180-meter vertical antenna at KGKBE. Three-legged tower is 88 feet 
136.88 meters) high with 44 foot (13.41 meter) whip on top. - i 

eter at the bun, tapering to 0.5 inch 
(1.27 cm) at the tip. The whip is actu- 
ally 2 feet (61 cm) longer than this, 
with the extra length forming the joint 
to the main tower, which is 88 feet 
(26.82 meters) high. 

The bottom 42 feet (12.8 meters) on 
the tower is made of aluminum tubing 
4 inches (10.16 cm) in diameter, with 
a 0.093 inch wall thickness. The top 
portion [to the 88 foot (26.8 meters) 
levell is made of 3-inch (7.62 cm) 
diameter tubing having a 0.063 inch 
wall. The cross-guys are made of 0.25 
inch (1.27 cm) aircraft cable. Turn- 
buckles permit the assembly to be 
tightened by the assembler until a very 
rigid structure is achieved. 

Anyone who has heard K6KBE's 
signal on 80 or 160 meters knows this 
antenna works! 

speaking of radials . . . 
I just got a note from WAGBAN tell- 

ing me more about his experiments 
with his 40-meter vertical ground plane 
antenna. He put it up with three radi- 
als, setting the base of the antenna a 
few feet above ground level. After he 
achieved resonance, he measured the 
feedpoint resistance with a General 
Radio RF Bridge. The result was about 
58.3 ohms. He added a few more radi- 
als and the feedpoint resistance 
dropped to 53 ohms. Three more radi- 
als brought the resistance down to 51 
ohms. Finally, he added more radials 
until he had eleven, and the feedpoint 
resistance dropped to 45 ohms. 

His conclusion was that when the 
ground plane antenna is mounted 
close to the surface of the ground, you 
need "a lot more" than eleven radials 
to approximate a feedpoint impedance 
of 36 ohms. W2FMI, in his classic QST 
series on ground plane antennas,' 
came to the conclusion that sixty radi- 
als were required when they were laid 

fig. 8. The self-supporting 160180-meter 
vertical antenna at KGKBE. 

on the surface of the g r o ~ n d . ~  When 
elevated radials a;e installed a few feet 
above the ground, it is possible that 
fewer will do the job. The correct num- 
ber seems to be between eleven and 
sixty! (Anybody out there have a closer 
"fix" on this?) 

broadcast filter for 
160 or 80 meters 

If you live in a residential or urban 
area, you can experience severe 
crosstalk and overload problems from 
local broadcast stations if you attempt 
to operate on 160 or 80 meters. (A  
friend of mine, located a few miles 
away from a local broadcast station, 
measured over 4 volts of RF pickup on 
his 80-meter vertical antenna. It com- 
pletely locked up his receiver.) 

Designed by KGKBE, the filter 
shown in fig. 9 is an adaptation of the 
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New From 

i Butternut@ 

DX The 80 & 40 
Meter Bands 

The HF2V is the perfect complement 
for the Ham who already has a beam 
antenna for 10-15-20 meters. Add 80 
and 40 meters (160 meters with an op- 
tional resonator kit) with a trim-looking 
vertical that can be mounted almost 
anywhere. 

With the decline in sunspot activity, 
the HF2V's low angle of radiation will 
get you DX on the low bands - - even 
when 10-15-20 meters are "dead." 

Automatic bandswitching. No lossy 
traps. Double wall tubing on the bottom 
section. Stainless steel hardware. Full 
1h wavelength on 40 meters. 
Height: 32 ft. --Self supporting 
Power rating: legal limit 
VSWR: 2:l or less 

40 Meters: Full CW & Phone 
band 

80 Meters: 90 kHz 
Add-on resonator kits available for 
160-30-20 meters. 

Write for our FREE CATALOG. 

BUTTERNUT 
ELECTRONICS 

405 East Market Street 
Lockhart, Texas 78644 

(51 2) 398-901 9 

One Hole 
Panel Moun r 

$ . Handy Logging Area I 
Spinner Handle Available I 

1 Case: 2x4": shaft %"x3" I 
Model TC2: Skirt 2-1 18 '; 

Knob 1.518" 
Model TC3: Skirt 3"; 

Knob 2.318" 
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fig. 9. Broadcast filter for 160 or 80 
meters. 

absorption filter originally used where 
suppression of harmonic energy is 
desired. In its original configuration, 
there are two complementary filters 
consisting of a high pass section ter- 
minated in a resistor and a low pass 
section to pass the desired signal. In 
this case, the reverse idea is used so 
that all energy below cutoff is routed 
to a dummy load while all energy 
above is allowed to pass. 

The cutoff frequency for the 160- 
meter filter is 1.65 MHz; for the 
80-meter filter, it's 3 MHz. 

references 
1. This material is extracted from "The G8PO JAWS 
Antenna." by Cdr. J.E. Ironmonger. G8PO. Radio 
Communication. November. 1984. pages 954-957. 
[Don't ask me what JAWS stands for - I can't figure 
it out either!) 
2. Jerry Sevick. W2FMI. "The ground-image Venical 
Antenna.'' QST, July. 1971. page 16. 
3. For more information on grmnd radials and venicak 
in general see the KZBT series of articles on phased 
arrays, ham radio, May, June, July. October. 
December. 1983 and May. 1984 - Ed. 
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Kantronics Packet Communicator" 
Kantronics wants you to join one of the fastest growing segments of 

Amateur Radio today. . . Packet Radio. With the Kantronics Packet Communicatar 
we've made getting on Packet a s  easy as getting on RITY. 

, I  ' I ,  ' 

The Kantronics Packet Communicator is a ' Because the Kantronlcs Packet Communl- 
fully assembled and programmed ter- cator uses internal microprocessors for 
mlnal node controller ready for operation. protocol and signal' processing, the 

Simply connect the Packet Communicator to the operator simply follows procedures end commands 
I Serial TTL or RS232 port of your computer, and the outlined In the operators manual. 
I microph~ne and external Weaker Ja* of your Any communications or  terminal program, like 
I transceiver. The power supply, cables, and most those ue, with telephone modems, can be to 

connectors are included. set up the computer to communicate with the Packet 
Communfcator. Special Packet Terminal (Pec- 

Term") programs for many popular personel 
The Kantronics Packet Com- computers will be  available soon from 
munlcator has both the AX25 and Kantronics. 
Vancouver protocols, makfng it 

compatible with most existing Packet terminal node con- 
trollers. Added features include both Bell 103 and 202 
tones, and the ability to use the unit as a 1200 baud radio 
modem without special protocols. 

. Error free data communication via computer makes Packet Radio technolo&y exciting, a=.L, 
and the Kantronics Packet Communicator lets you get In on the action. 

For more information contact your local Kantronics dealer, 
or write Kantronics. 
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IS the to N bring 
., ,JU with i t s  patentea aeslgn. 
For the ultimate "on the grc 
service and antenna install 
a RQHN "Fold-Over" Tower 1s  yo^ 

best' buy. Your safety comes first with 
"Fold-Over." For complete details write: 

Inter-Ear-Communication-System 
A space age sys tem that allows you  to send and 
receive your message through your ear and leave 
your hands free. 

*wefa))( 
t - ' i  

Replace your HT's awkward speaker-rnlcrophone wlth 
an nearmicrophone. 
Discrete HT cornmunicatlons leaves you with both 
hands free. 
Allows voice comrnunlcatlons in noisy environments. 
Our neartalk interfaces wlth almost all HTs, which 
have external speaker microphone output jacks. 
Custom hybrid clrcuit. 
Low power consumption. Transmits at 5mA and less 
than lOuA when receiving. 
One year warranty. 

Dealer inquiries are invited. IECS-200 
$99.95 includes IECS-200 control unit. Ear transducer. 
9V battery. 6-pln output connector and lnstructlon sheet. 
(Add 6% sales tax for Californ~a res~dents.) 

Custom made Interface cable for TEMPO S-15 and all ICOM \ 
HTs are ava~lable at $19 95 
FOR ALL PREPAID ORDERS. SHIPPING AND HANDLING 
CHARGE WILL BE PAID BY N-EAR-TALK. 

I 114 WAVELENGTH I 
Model No. Fnq. MHz Oescrlptlon M e  
196-200 144-148 5/16-32 stud wl~prlng $5.95 
196204 " BNC connector wlrprlng 7.95 
196-214 " BNC connector 6.95 
196-224 144-UP BNC conn adl,  angle 7.95 
196-814 220-225 BNC conneclor 6.95 

I 518 WAVELENGTH I 
191-210 " 5/16-32 lor old TEMPO 22.95 
191-214 " BNC connector 19.95 
191-219 " PL-259 wlM-359 adpl. 22.95 
191-810 220-225 5/16-32 lor old TEMW 22.95 
191-814 " BNC connector 19.95 
191-940 440-450 5116.32 tor HT-220 22.95 
191-941 " 114.32 stud 22.95 
191-944 " BNC connector 19.95 I 
Largest Selection of Telescopic Anten- 
nas. Write for Info. Prices are postpaid 
via UPS to 48 States. For air delivery 
via UPS Blue add $2.25. Florida add 5% 
sales tax. Payment by M.O. or Cashiers 
Check only. 

July 27 thru Aug. 9,1985 
Our 26111 wur 

TAKE A VACATION WITH 
A PURPOSE THIS YEAR 

Join s~udc~it\ I'rc3ni around the world at 
OAK HI1.I. ACADEMY 

AMATEUR RADIO SESSION 
Instructors CERTIFIED VE's 

Over 25 years of successful teaching experience 
means upgrading is accasy as 1-2-3. 
Your vacation i s  spent in the beautiful Blue 
Ridge Mountains of Virginia with expert in- 
structors in friendly surroundingsand withex- 
cellen1 accommodations. 
Oak Hillalsohasa hamlabsetupforalllouse. 
Courses offered are: 

Novice to General 
General or Tech to Advanced 
Advanced to Extra 

Learn - don 'I  just men1ori:e theanswers to 
the @.ram questions. 
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I Please add $3.50 
for ShiDDina 

PACKET RADIO 
THRU SOFTWARE 

AX.25 Protocol By Bob Richardson, W4UCH 
You can gel on f'dihrt lladlo Wo ways One Is ~ 8 1 1 1  .I ~ol~l~~',l~cated 'black 
box'' The othr! 15 t iy nlaktng you, cnrnpuler act ill, n tllr~k box by Pto 
grarnmlnp 11 8" a hlqll lwvel rnachlne language codr W4LlCH has wrlllell a 
rnachlne lanquape prcqarn lor !he Radio Shack IRS HO Modrs 1.3 and 4 corn 
pule, lMnd~l 4 wo1k,. with Modtl 3 disk whlle ~n Model 3 node1 Thls book 
ha< WPIVP c h a p l ~ ~ s  PIUS seven appendtre% that l a k ~  vnu clpp by step thlough 
the prorers ol settrny your cornputPr lo l i ls l  convert the cl8g~lal lnlorrnatlrln 
vntn n orsable lornlat and lhen In decode Ihe lnlrlrmallon 

10Ad I r d  rdltlnn - - -  
RE- AX . Sonbound $21.95 

PROGRAM NOW AVAIUBLE IN DISK FORM 
RE-MI Model 1 Disk $29.00 

I RE-MI I I  Model Ill 6 4 Dish $29 00 

. .  4 

ham 
(Spec~ly dlsc. Mod I or Mod Ill) SAVE $2 

radio-..-/l~~~ BOOKS~ORE 

ANTI-STATIC DUST COVERS 
lor New 8 Old Model Amateur Rad~os Compulers. Dlsk Drtves 
also Custom Made Over 1 Mlllton In use Send for Brochure 

Radto Covers Available 

Alpha Hall~craflers ICOM Panason~c 
Bearcal Heath Kenwood Robot 
Colllns ~ e n r y  MJF Swan 
Dentron Ten Tec 
Drake 

BIRCH HILL SALES. P 0 Ro>l:jS Tel, (603) 673-8907 M~llord. NU 03055 
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I L N  
A New Concept in Drive Systems I 

I CALL LONG DISTANCE ON 2 METERS I 
Only 10 watts drive will deliver 75 watts Our products are backed by prompt fac- 

of RF power on 2M SSB, FM, or CW. ~t is toly service and techn~cal assistance. TO 
biased Class AB for linear operation. The become familiar with our other fine pro- 
current drain is 8-9 amps at ducts ~n the amateur radio 
13.6 Vdc. It comes in a well market, call or wrlte for our 
const~cted, rugged case free product and small parts 
with an oversized heat sink catalog. 
to keep it cool. It has a sen- 
sitive C.O.R. circuitry, Model 875 
reliable SO-239 RF connec- 
tors, and an amplifier Wired & Tested $129.95 
INIOUT switch. The max- 
imum Dower input is 15 
watts. L Communication - 

v~ Concepts Inc - 2648 North Ar8qonI\re. Oaylon Ohlo15420.(5131%1411 

G.R.A.M. BATAVIA HAMFEST SUN.. JULY 14. 1985 
Conlort "3 lor  all ol "out ornufe~r rodio n w l ,  ......... 

FEATURING: MOSFET Ic.hlolOP* h *mrk.n md. W I e  par 
arnpllllsrs Bulll lor those r h o  demand quallly. 

ICOM, AEA. LARSEN, V A N  GORDEN. VIBROPLEX, 
NYE-VIKING. FALCON COMM. LEADING EDGE. 
ARRL PUBLICATIONS, KAGLO, HAMTRONICS, c OMMIII*ICAIION\ 
PROW91TER. ELEPHANT DISKS. DEBCO, TRIONYX 

fl 138 

915 North Main Street . p d y d ~ w r i h  ~ ( Y I P ~ * Y ~ & ~  

Jarnestown, New York 14701 pH. (716)664-6345 - 

Fully assembled and 
tested $99.95. , 

Complete compre- 
hensive manual. 
Used worldwide in 
commercial and mill- 
tafy transceivers. 

BALUNS 1 Gel POWER la  Y V U ~  drilt.nlia8 Our B a u n b  are 
already wound and ready lot ~nslal lat lon In your 
lransmalch or you may  enclose lhem on a 
weatherprool box and connecl lhom dlreclly a1 
Iheanlenna They aredeslgned lor 3-30 MHzop- 
erallon (See ARRL Handbook pages 19-9 or 
6-20 lor construcl~on dela!ls.) 
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designing Yagis 
with the Commodore 64 

See how gain and FIB 
can remain high 

across the entire band 

In 1980, ham radio published a series of articles by 
W2PV on Yagi design.' As an avid DXer and a member 
of Potomac Valley Radio Club, I'd crossed paths with 
W2PV under contest conditions many times. He 
always had a fantastic signal, and after reading his 
series 1 realized why. W2PV was using superior an- 
tennas, all positioned at the correct height above 
ground. 

Through computer research, W2PV showed that 
merely stating the mechanical length of an element 
of a Yagi beam does not actually reflect its true reso- 
nant frequency, especially when tapered elements are 
involved. He has also showed that tuning the reflec- 
tor 5 percent below and the director 5 percent above 
the band center makes a poor beam. Commercial 
antenna specifications usually indicate maximum gain, 
maximum front-to-back ratio, and an SWR curve. But 
what they don't tell you is that the maximum gain and 
maximum front-to-back ratio do not occur at the same 
frequency, nor do they occur in the band center. They 
also don't tell you that as you tune away from these 
frequencies, the gain and maximum front-to-back ratio 
can fall off rapidly, indicating that although you may 
have 8 dB of gain at some frequency, you may only 
have 3 dB of gain near the band edges, depending on 
the tuning of the parasitic elements. 

W2PV demonstrated that gain is primarily depen- 
dent on boom length and not on the number of ele- 
ments on the boom, especially in the 1 I 4  to 314 boom 
length range. In addition, a naturally high front-to-back 

ratio occurs on a 1 I 4  wavelength boom and odd multi- 
ples thereof. He carefully designed his Yagis so that 
they would maintain a high gain and high front-to-back 
ratio over a 4 percent bandwidth, which will cover all 
of 15 and 20, most of 40, and a good portion of 10 
meters. In order to do this the parastic elements must 
be tuned closer to the driven element reducing the 
SWR bandwidth. This is a small price to pay for main- 
taining almost maximum gain over the whole band. 
For example, the reflector of his three-element mono- 
bander is tuned 1.7 percent below the central design 
frequency and the director is tuned 4.2 percent above. 
He also proved that the resonant frequency of a 
tapered element could be very accurately determined. 

About a year ago I wrote a program in BASIC using 
the formulas and data in the W2PV articles. With it 
you can turn your commercial antennas or scrap alumi- 
num tubing into W2PV super beams. The program 
(fig. 1) is in simple BASIC with no peek or poke state- 
ments, and runs on the Commodore 64 computer. 

program description 
Lines 100-450 are a brief history of the program and 

instructions to the user. The type of beam you are de- 
signing is entered in lines 460-500. The actual lengths 
and diameters of each element are entered on lines 
550-620, while the subroutine lines 5000-5040 prints 
the inputs to the screen. Lines 2000-2040 place data 
into the A array and if the average diameter calculated 
on line 670 is 0.875 the date in A array is dumped into 
R array. If the average diameter is not 0.875, then new 
data is calculated in lines 2100-2200 and placed into 
B array. Then B array is dumped into R array via lines 
2210-2220. The element half-length that you are trying 
for per the central design frequency you entered earlier 

By Alan Hoffmaster, WA3EKL, 929 Andrews 
Road, Glen Burnie, Maryland 21061 
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1 &&\\ C . T . S .  MODEL 881079 $5 .00  E A C H I . ~ E ' ~ P C ~ ~ ~ ~ ~ ~ J  . 24 volt d e or 
R oms COIL \".. -.., I llfc%a STAR XSMB-06L 
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fig. 1. WA3EKL program for designing 10, 15, and 20-meter 1 0 1 0  INPUTV 
1 1 0 0  (FV<10RV>NTMN1000 

Yagis with the Commodore 64. 1 1 3 0  PRINTm'ENTER NEW S E M E N 1  LENGTHI IN  I N C M S ) " 1 : 1 W U T U  
,140  L , V - l , - U  
1 1 5 0  6DSU83000 
l l b O  GOT0700 
1 1  7 0  PRINT" fCLR1 "I REW C L E W  SCREEN 
l l B O  PR1NTP:"ELEMENT BEA" AT "8CW1"MHZ" 

1 0 0  PRlNT"MON0 WRND ANTENNA DESIGN" 
1 0 2  OIMCS(JI.WSl4) 
104  PR1NT:PRINT"M) Y W  W I W  INSTRUCTIOYSIV/N~"IIINPUTCI 
1 0 6  IFCS="N"THEN4SO 
. - - . . . - . . . 
1 1 0  PRlNT"THIS PROGRAM WAS M I T T E N  USING T M  FORI(UaS W B L I S M D  I N  1980 M M  RCIDIO" 
1 1 2  PRINT-M~GAZINE AND WRITTEN BY Y?PY mo  PROVED r m r n E n a r l c a L L r  RNII EXPERMENTRL 
I I .  PR1HT"THL)T ANTENNb ELEMENT RESONATE FRLOUENCY LENGTH I S  NOT I )  SIMPLE" 
I lb PRIIIT"C~LCLL0TIOH E S P E C I O L I ~ I  W E N  TAPERED ELEMENTS M E  INVDLVED. " 
17" P D l W T  ... . 
1 7 0  PRINT"MECHAN1CAL RECOMHENDOTIONS" 
l4n PRINT"20  METER BOCM SHOULD BE 3 OR 4 CNCH O I M T E R  A L W I l N l M  I R R I G ~ T I O N "  
$50 P 6 I N T " P l P E  DEPENDING ON LENGTH." 
160  PA1NT"ELEMENTS SHOULD WE TaPERED SEGmENTS FROM L 1 / 4  INCH TO I/> INCH" 
I 6 5  PRINT"D1APETERS OF 6 0 6 1  T I  SEA-LESS TUBING OR EOU1VALENT." 
1 8 2  D I M I S ( 3 1  
185  PRlNT:PRINT"TO C O N T I W E  INSTRUCTIOY PRESS RETURN" i l lNPUT1S 
L90 PR1NT:PRINT" IO- I5  METER BOOMS SHOULD WE MADE OF 2 INCH LILWIINUN IRRIGATION PIPE.  
203 PRINT"ELEIIENTS SHOLLD BE TRPERED FROM 7 1 8  INCHES TO 5 1 8  lNCH OIRMETERS OF" 
2 0 5  P R I N T " b 0 6 1  T b  SEAMLESS TUWl f f i  OR EOUIYIKENT." 
2 1 0  PR1NT:PRINT"ELECTRICRC RECOMMENDATIONS." 
2 1 5  FRIWT"FOR PIAIIMUM FRONT TO BACI  RATIO USE A 1 / 4  WAVELENGTH BOOn ON 5 ELEWENT" 
220 PRINT.'BEOM AND 3 1 4  WWELENGTH n u o n  ON a 4 . 5  OR 6 ELEMENT  en." 
2 2 5  PR1NT"EOUALLY SPRCE ALL ELEMENTS ALONG THE BOOM REDUARDLESS OF LENGTH:' 
230 PRINT"F0R A GOOD 2 ELEMENT BEAM USE a BOOM LENGTH OF , 1 5 0  WRVEIENGTH." 
24" PRlNT'IFOR A GOOD 3 ELEMENT EEnR USE R WOOPI LENGTH OF . I 0 0  U(\MIENGTH." 
245 PRINTIPRINT"TO CONTINUE INSTRUCTIONS PRESS RETURN''8:lNPUTI. 
250 P R ~ N ~ I P ~ I N T " ~ ? I P W T A N T  M L  TOTAL LENGTH DIMENSIONS WILL BE ELEWNT HRLr  LENGTH" 
255 PRINT''WEaN1NG THE LENGTH OF THE ELEMENT MEASURE0 FROM THE 800M OUT TO THE" 
26Cl P R I N T " T I F  OF THE ELEMENT. ENTER ELEllENT SEqMENT LENGTHS ON0 U1I)PIETERS JUST" 
2 6 5  PC1NT"AS THEY M I L L  BE I(SSEMBLED S T M T I N G  WITH THE LARGEST DIAMFTER SEGMENTS'' 
: I n  rR lNT" (UWICH CROSSES OVER THE BOOM) TO THE SMALLEST Ol lMETFR S1:GMENT $IT THE" 
2 7 5  PklNTI'ELEMENT T I F .  THE OBJECT I S  TO ADJUST THE ORIGINOL SEGMENI LENGTUS SO" 
280 PR1NT"THAT THE TOTAL EOUIVALENT L E m T H  I S  E Q M L  TO OR VERY CLOSE TO THE" 
285 P F I N T " N O R M ~ L I I E 0  LENGTH FOR THE PORTICULAR ELEMENT YOUR ARE WORKING ON." 
290 PRINT"T0  CONTINUE FRESS RETURN"a:LNPUTI* 
395 PFINT"WWEN THE COMPUTER OS1S YOU FOR TME INFORMATION ENTER rN  THE 1NFORnr)TlON" 

LETURN. I F '  
IH INYING. ' '  

-- 

PR1NT''ENTER WnWER OF ANTENNA ELEMENTS 2.3.4.5 OR b"#:lNFUTP 
I F P  .2OWP'bTHEN471, 
F'R3h'lNT"FNTEC 8008 UIMETEH" : :  I W U T B D  
BC=<BD12).O.ObZZ:RE?l BOO11 CORRECTION 
PRINT"EN1ER NUMBER OF ANTENNA SEBMENTS"::INPUTN 
WE,, 

d.,< "-" 
510 DIMLIIN-I~>.D<~N-I>~.F<,N-II> 
5 2 0  FORE=OTO<N-I1 
5 3 0  L ( E ) = O I D ( E ) = O I F < E I = O  
5 4 0  NEXTEiREM CLEAR ORRaYS 
55"  PRINT:T.RINT"ENTERIIN INCHFSl LENGTH OF SEGMENT"IIINPUTL) 
560  L c x , = a  
5 7 0  PCINT"ENTERL1N INCHES) DIRMETER OF SEGHENT"I:INPUTW 
S 8 0  D I X ) = R  
5'0 GOSUB5900 
bnll X=XI I : IEM STEPPING D(rT& INTO L &RRaY 
bll i  IF I - t ITHENbX,  
620 GOlO55U:REtl ENTERING I H  SUCCESSIVE LEYBTHS RND DlanETERS 
6 3 0  GDSUBIIOOO 
6.0 FORCE-OTOtN-II  
b 5 0  TO=TD+DIEEI 
bbrl NEXTEE 
670 eO-TD/N 
An<> h"9L1820On . . -. . . - - . . 
670 GOSUB3000 
1 0 0  TIO:G-0:REM C L E W  TOTRL 
7 1 0  FORY=OTO(N-I> 
7 2 0  1-T*LlY>:REM ADD SEbMENT LENGTHS 
7 1 0  PR1NTLIYL;"INCHES LONG".O<Y);" lNCHES 01A." 
7 4 0  NEXTY 
750  PRINT:PRINlT" IWHES=TOTIU LR161NAL LENGTH" 
770 Ol=(t: 02=O:U=0 
7 8 0  L I s a D / < 2 8 R L ) : R E M  i RADIUS OF CENTER SEGMENT 
7 9 0  o l - o ( G ~  
8 0 0  R 2 - 0 1 / ~ 2 ~ R L I : R E M  = RADIUS OF SUCCESSIVE ELEMENTS 
8 1 0  G=G*l:REM STEPPING TWRU SEG. DIAMETERS. 
070 II=L/RI .. . . 
8 3 0  1(2*1/R2 
B e 0  M~1143.038IL06~12~/LOGILO~~-32~~/1~43.03~lLDG~KI~/LOGlIOII-?2l~ 
8 5 0  02=(L(WIt1.570776321/T+OLzREM 0 2  IN  RADIANS 
B I O  FO=~SIN~2SO2I-SIN(2tOI)1/112~021-12101~1 
8 7 0  0 1 = 0 2  
8 8 0  S~rl~Mrl/M~/2*l~-liM~tF0/218LiY) 
890 F(W)=SA:REM PLACE EBUIVOLENT LEM67HS INTO F M R A Y  
7 0 0  W-W*I:REM STEPPING TWRU F 
9 1 0  IFY-NTHEN930 
920 60T07801REM LOOP TO CfiLCVLeTE EACH BEGPENT LENGTH 
9 3 0  S=O:REM CLEaR EOUIV(ILENT LENGTW TOTOL 
9 4 0  FORl=nTO(N- l l  
950 S-S+FIZ I :REI I  ADD EOUIVALENT LENGTHS I N  F ARReY 
9 6 0  M X T Z  
970 PRINT:PRINTS"INCHEB=TOTAL EOUlVALENT LENGTH 
912 PRIYT:PIIIIT"HARDCOPYIY/N>" 
913 GETZ.2 IFZ*-""THEN97T 
9 7 4  IFI$="Y"THENGOSUB5OVO 
PBU PRINT"D0 I W  WISH TO CHANGE A SEGMENT LENGTHLY,H)";:lNPUTWS 
9 9 0  IFWS-"N"THEN1170 
DO00 PRINT'IENTER NUMBER OF SEGMENTS YOU UISH TO CHANGE COUNTLNB FROPI THE BOOM OUT" 

. . . - . . . . . 
1 2 0 0  FORTT=OTO(N-II  
1 2 1 0  P R I N T L ( T T > ; " I N C M S  Ll34G..DITT)("INCHES Dl*. ' '  
1 2 1 2  GOSUW9OW 
1 2 2 0  NEXTTT 
1 2 3 0  PRIN~IPRINT"WRITE MLM ELEMENT LEHGTHS APPEARIW ON THE SCREEN AN0 ADD THE" 
1 2 3 5  PRIYT.FOLLOYIN6 CDRRECTIDNS TO T M  W T E R  NUST ELEIIEwT. FOR F I N n L  LEHGTU." 
. - - - . - . . . 
1 2 6 0  PRINT.,ON 2 0  METERS ADD ~ ' ~ B C + O . M I " I N C K S "  
1 2 7 0  P R 1 N T " m  I S  l¶ZTERS ADD "IBC.O.~~I"~NCWES" 
L2BO PR1NT"ON LO PETERS ADO "1sCI0 .241 '1NCM3"  
1 2 0 5  GOSUBlOOO0 

1296  END 
2 0 0 0  DIM~(I~>.B<I~) 
7005 FORH-OTDI3 

. . . - - . . . 
2 0 7 0  R(Q>-O:DEIOl=O:DR(OI-O 
2 0 8 0  NEITOzREM CLEAR R. OE. OR 
2 0 9 0  IFRD~0.875THEN22I IO 
2 1 0 0  RA-0.875, ( Z I R L )  
2110 RBILlO/( l l .RL) 

2 2 4 3  OE141=~171:DE<SlrAlBl:OEl6~=~~91 
2 2 5 0  ORIT~=A1101:DRl4~iAIll~~DR~51=AI12~~DRIb>-A113~ 
2260 R S F < R L . R ( P I ) I Z : R m  REFLECTOR NORII#LIZED 1 / 2  LENSTH 
227C OE=<RLIDE(P) I /2 :REI I  DRlVEN ELEMENT NORMhL12ED 1/2 LEWTH 
328<8 DR=IRLIDFIP I ) I2 :REM DIRECTORS NORMALIZED 1 / 2  LENGTM 
""or, nc7t-u . 
300) PRINTM<CLR> ' '  
30111 PRINTP; "ELEMENT REAM AT"lCDF3 "MHz" 
302U PRINT 
3 0 3 0  PRINTRS;.'INCMS-NORMIKIZED REFLECTOR 1 1 2  LENGTH" 
3 0 4 0  PRINTDE;"INCHES=NORMALIZED DRIVEN ELEMENT I f 2  LENGTM" 
3 0 5 0  PRIWTDRi"1NCMS-NORMIKIZEO DIRECTORS 1 / 2  LENGTM 
x"Am mc,,,-u -""" , -..,. 
,000 PR1NT;PRINT"PLEaSE WRIT I ' M  THINKING" 
l O l 0  RETURN 
5000 FRIWT"LCLR>"IREH C L E M  SCREEN 
5 0 1 0  PRIN1Pt"ELEMENT BEAM AT"ICOFI"MHZ" 
5 0 2 0  FORAH-OTO(N-I1 
5030 P R I Y T L I A B > I " I N C ) ~ E S  LDNG" .DIOB) t " lNCI lES DIA . "  
5 0 4 0  HEXTAB 
5 0 5 0  RETIHI I  
5 0 7 0  ~ F Z ~ = " N " T M E N b 0 9 0  
6 0 0 0  OPENI. 4,O 
bOO5 PRINT~IIPRINT~LIPRINT~L:PRINTIIIPRINT~I 
6 0 1 0  PRrNTI I I . "MNO BAND AHIENN4 DESIGN"IPRINTII 
6 0 2 0  PRINT*I."CENTRRL DESIGN FREOUENCY"ICDF:"~MZ":PRINTII 
6 0 x 0  PRINTI1,Pi"ANTENNR ELEPENTB"rPRINT*I 
6 0 4 0  P77INTII.BD:" lNCHES BC€M 0 I A P E I E R " ; P R I N T ~ I  
6 0 9 0  PRINT.I.NI"RNTENNA SEGMENTS"IPRINT*I 
b0bU FRINT*I.T;"INCMES TOTeL ORIGINAL LENGTH"IPRINTII 
b 0 l O  FRINT*I,S;"INCHES TOTAL EOUIVALENI LEMGTH"IPRINT*I 
6 0 8 0  CLOSE1 
6 0 8 5  GOSUESO00 
b090 REIURN 
7 0 4 0  RETURN 
8 0 0 0  IF.?.-"N"THEWOI0 
BOLO OPENI.4,O 
BOZO PRINT*I.RSI"INCHES=NL)RMALIZEO REFLECTOR 1 / 2  LENGTH" 
8 0 3 0  P R I N T I 1 , D E ~ ~ I N C M S - N O R M A L I Z E 0  DRIVEN ELEMENT 1 1 2  L E M T H "  
8010 PRINTII,DR("INCHES-NORMALIZED DIRECTORS L/Z LENGTH"rPRINTI1  
8 0 5 0  CLDSEl 
BObD RETURN 
9 0 0 0  IF IS- "N"THEN9040 
9 0 1 0  OPENI.4.0 
9 0 2 0  P F l l N T I I , L l T T ~ ; " I N C m B  L O N G " ; O < T T l i " l ~ H E S  OlA . "  
9030 CLOBEl 
9 0 4 0  RETURN 
1 0 0 0 0  IF IS- "N"TCEN10070 
IOOIO OPENI.II.0 
LC1015 PT1INI.I 
1 0 0 2 0  P R I N T ~ I . " A D D  CORRECTIONS TO W T E R  MUST ELEIYIITS. FOR FlNIV LENGTH" 
1 0 0 3 0  PRINTII rPRINTI l . "ON 2 0  METERS R D D " I B C + O . ~ ~ I  " I M M S "  
100'10 PRINT*I."rW 15 tETERS ADD"iBC+O.441"INCMS- 
1 0 0 3 0  PRINT*I,"ON 1 0  METERS ADD"1BC+O.Z41"INCHES" 
l ( ' 055  PRlNTIlrPRlNTIllPRlNT~11PRINT~I:PRINT*I 
10060 CLOSE1 
10070 RETURN 

RERDY. 

is calculated in lines 2260-2280. Lines 770-970 calcu- 
late the resonant half-length of the element you have 
created by the lengths and diameters you entered 
earlier. Lines 972-974 and 5090-10070 print a hard copy 
if you answer "Y" to the hard copy prompt. 

You'll see printed on the screen the type of Yagi you 
have selected, the resonant half length each element 
should be (the "normalized" length) the mechanical 
lengthldiameter of each segment, and the actual elec- 
trical half-length of the element you've created. The 
program will now allow you to change individual seg- 

ment lengths until your element's electrical half length 
equals the normalized half-length. You then add a 
small correction to the outermost segment (due to 
boom diameter and boom to element clamping system) 
to get the final element half-length. 

W2PV broke the center of the driven element and 
used a balanced feed. I have used the gamma match 
successfully. 

results 
Three monoband Yagis have been constructed 
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design example 1: 3-element Yagi 
f,: 14.175 MHz 
boom: 2 inches 

design example 2: 6-element Yagi 
f,: 14.175 MHz 
boom: 2 inches 

element length (inches) 

normalized reflector 207.495860 
normalized driven 204.066957 
normalized director 195.621 141 

segment specifications 

diameter (inches) length (inches) 

1.25 36 
1.125 50 
0.875 37 
0.75 20 
0.625 44 
0.5 16 
0.375 12.75 

total original length 
= 215.75 inches 

total equivalent length 
= 207.51345 inches 

element length (inches) 

normalized reflector 206.37891 7 
normalized driven 200.239937 
normalized director 187.061662 

segment specifications 

diameter (inches) length finches) 

1.25 36 
1.125 50 
0.875 37 
0.75 20 
0.625 44 
0.5 16 
0.375 11.5 

total original length 
= 214.5 inches 

total equivalent length 
= 206.397459 inches 

I Note 1: In each example, element has seven segments and last dimension is length before final correction due to boom clamping. I 
Note 2: If you cannot achieve the above numbers out to at least five places to the right of the decimal point, especially the normalized length and 
the total equivalent length, go back and check your program. Close is not good enough. Small inaccuracies are multiplied many times as segment 
lengths change. 

using the program. When mounted on towers, not one 
resonated more than 4 kHz from the central design 
frequency. But the only way to really test an antenna 
is in actual combat - i.e., under contest conditions: 
the CQWW phone contest yielded 1.68 million points 
in 1983 and 2.43 million points in 1984. From 1983 to 
1984, nothing changed except the antennas; all 
primary Yagis were homebrewed, using this program, 
and the secondary antennas were commercial beams 
redimensioned from the program. 

W2PV hoped that others would build his superior 
beams and report the results. I've built them and am 
pleased to report that their performance is far better 
than any commercial antenna I've ever used from my 
QTH. 
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Because this was my first attempt at programming, 

my sincere thanks are due to my XYL, N3DPB, 
who gave a few pointers on programming, and to 
WA3HQX, who converted my original program to the 
Commodore format. The program has been converted 
into Apple, Atari, IBM PC, and Radio Shack Color 
formats. Copies of these listings are available from me 
for one dollar (copying cost) plus a business-size SASE 
with 39 cents postage. 
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microcomputer controlled EXL5000E. 
Autommtle Scnder/R&er: Due to the most up to date cornputel Nlde Range of Tnnsmltting and Rmlvlnp: MI 
technology, just a console and keyboard can accomplish complctc peed can be set from the keyboard at any rate bc~wcco J-IW W I - N I  
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struction of the indicator shown in photos A and B. 
The digital multimeter is used to read 0 to 0.9 volt, 

corresponding to 0 to 90 degrees in elevation. R2, a 
precision potentiometer, is used as a voltage divider, 
with the indicating voltage read off the moving arm 
of the potentiometer. It is mounted on a piece of 
heavy-duty circuit board, of any convenient size with 
three-wire cable, preferably shielded, running from the - - 

an inexpensive antenna to the indicating unit in the ham shack. A 
suitable bracket for mounting it to your antenna may 

elevation indicator be soldered to the PC board. 
Assuming your potentiometer is in the 5 to 10 kilohm 

range, required current will be less than 1 mA. 
Ordinary zinc-carbon cells are quite satisfactory for this 
purpose; in fact, they will probably die of old age if 
switch S1 is used. Voltage regulation is not necessary. 
R1, used to drop the voltage to approximately 3.6 
volts, is connected to terminal 3 of the precision poten- 
tiometer for calibration purposes as the batteries 
gradually discharge (see fig. 1). 

construction 
Because most precision potentiometers don't have 

threaded bushinas around the shaft outout. it will - . . 
Simple method of converting elevation angle to a voltage. probably be necessary to use a good adhesive 
Note weather-resistant housing. (Super-Glue,@ contact cement or epoxy) or a clamp 

Elevation drive: reversible gear motor turns leadscrew of 
314inch all-thread. 

I f  you have a h igh input  impedance ( 2 1  
Megohm) mult imeter - preferably digital - and a 
single-turn, precision, linear taper potentiometer, then 
you have everything you need to make an inexpen- 
sive, accurate elevation indicator for OSCAR EME 
applications. 

After discarding my store-bought elevation rotator 
in favor of a heavy-duty home-brew model, it became 
necessary to provide some means to determine where 
the antenna was pointing without having to "eye-ball" 
the moon and the antenna. This resulted in the con- 

By George Chaney, W5JTL, 218 Katherine 
Drive, Vicksburg, Mississippi 39180 

to mount the potentiometer to the PC board. A 6-inch 
(15 cm) length of 318-inch (0.95 cm) square key-stock 
is recommended for the pendulum shaft. A 114-inch 
(0.64 cm) hole (assuming the potentiometer shaft is 
114 inch) is drilled through the key stock, about 112 
inch (1.3 cm) from the top end. Immediately above 
this, and at a right angle to the 114inch (0.64 cm) hole, 
drill a hole to accommodate a No: 8 machine screw. 
Then cut a hacksaw slit from the top end of the key- 
stock into the 114-inch (0.64 cm) hole so as to pro- 
vide a clamp around the potentiometer shaft when the 
No. 8 machine screw is inserted and tightened with 
a nut. 

The pendulum weight may be made of any con- 
venient material that will provide sufficient weight 
without too much bulk. I used a 314-inch plumbing- 
type copper T-fitting filled with lead (see fig. 2). Its 
estimated weight is about 10 ounces (283 grams). 

As shown in photo A the potentiometer is enclos- 
ed for weather protection. The enclosure is made of 
very thin (about 0.010 inch) (0.25 mm) double-sided 
PC board, soldered in place. The opening is so oriented 
that protection is provided when the antenna is 
elevated. Similar protection on the shaft-pendulum 
side of the PC board is advisable, although I chose not 
to take this step. I did put some silicone grease in this 
opening, however, and even after one year had no 
problems, despite the occurrence of a severe storm 
with baseball-size hail. An automotive trailer light con- 
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fig. 1. Elevation indicator wiring diagram. 

nector is used for the wiring (as a quick makelbreak 
interface). 

The read-out portion, shown in the bottom part of 
fig. 1 was built in a small box, fabricated from circuit 
board, large enough to hold the batteries, switches 
and resistor R1. Although I used four D cells, I think 
smaller batteries, such as size AA, should be satisfac- 
tory. Since it is only occasionally necessary to monitor 
elevation visually, I would suggest that S1 be a 
normally open momentary pushbutton switch to be 
depressed only when readout is desired. S2 is a single 
pole, double throw switch. It is normally left in the 
"Read" position and is connected to the lead going 
to the variable arm of R2. Suitable pin plugs are pro- 
vided for the new leads at the + DVM and - DVM 
points. 

P C.BOARD 

@ I I 

I I 
I I 

calibration 
All the precision potentiometers that I'm familiar 

with permit continuous rotation, do not have 
mechanical stops, and offer almost 360 degrees (of 
rotation) of usable variable resistance. The poten- 
tiometer should be oriented on the PC board (or the 
pendulum adjusted) so that the arm terminal of the 
potentiometer, reads "0" voltage when the bottom 
edge of the PC board is horizontal and increases pro- 
gressively to a reading of 0.900 volt when the bottom 
edge is vertical. A carpenter's level, with the bubble 
carefully centered during adjustments, with the circuit 
board holding the potentiometer and the pendulum in 
a vice, or otherwise strongly secured, will provide suf- 
ficient accuracy. 

The slightest upward movement of the antenna 
should result in a voltage indication of 0.001. After the 
zero point has been established, things can be per- 
manently secured. Using the carpenter's level, move 
the assembly so that the bottom edge of the circuit 
board is vertical. With S2 in the "Read" position, ad- 
just R1 to give a reading of 0.900 volt, which cor- 
responds to an elevation of 90.0 degrees. The unit is 
now calibrated and will indicate changes of 0.1 degree, 
to an accuracy of 0.5 degree. When the potentiometer 
pendulum assembly is mounted on the antenna, it is 
necessary only to level the bottom edge in the zero 
position, with the antenna horizontal, in order to main- 
tain calibration. After the 90.0-degree position has 
been established and initially calibrated, put S2 in 
"Calibrate" position and note the indicated voltage. 
It is advisable to record this for later reference. You 
are now assured that you will be in calibration when 
R1 is adjusted to give this reading, while in the 
"Calibrate" position. For maximum accuracy, the 
tower must be perfectly vertical, and the vertical rota- 
tional axis perfectly horizontal. - lMrb 

3N" COPPER '1 .  

L E A D  F I L L E D  
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3 / 8 " ( 9  5 3 m m l  

SQUARE STEEL  ROD 
("KEY S T O C K ' )  
3 / 8 ' ( 9  5 3 m m l  X J /8"(953mm) 

X 6'1152 4 m m l  

I I 
I I 
I I 
I I 
L-J 

fig. 2. Construction details, R2 assembly. 



conclusion 

, Name 
I 
I Call Sign 

I Address 

I City State 
I 

' Zip Phone 

Date 

Signature 
4 148 

The author makes no claim of originality in this type 
of elevation readout, although I have seen nothing as 
simple as this one. Most others use three-turn poten- 
tiometers with 10.8 volts, with readouts taken from 
some midrange, such as 1.000 to 1.900 volts, and 
some means of removing the first digit. The readout 
described here is simple, inexpensive, and accurate. 
Invariably, with my EME array adjusted according to 
a computer-predicted position, I can sight down the 
boom of one of the antennas and know its direction 
will be "rifle scope" accurate. 

Caution: I assume, but do not know, that all DMMs 
have a high input resistance, so as not to unduly load 
the portion of R2 between the arm and ground. If your 
DVM does not have a high resistance input, do not 
use it. 

ham radio 

BEAM ANTENNA HANDBOOK 
by Bill Drr, W6SAI and Stu Cowan, W2LX 

The Beam Antenna Handbook, first published in 1955, 
has been completely revised and updated w~th the latest 
information on Beam Antenna design. Computer designed 
Yagis give maximum gain in minimum space. New info 

on Yagi HF and VHF beams and dimensions on beams for 10, 18 and 24 
MHz WARC bands. Everyth~ng you need to know about beam design, con- 
structlon and operat~on. 204 ~llustrat~ons. 268 pages. 1st edition. 01985. 
ORP-BA Softbound $9.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Ort, W6SAI 
Learn how to build simple, economical wire antennas. Apartment dwellers take 
note! Fool your landlord and your nei hbors with some of the "invisible" anten- 
nas found here Well diagrammed. 182 pages. 01972.2nd edition. 
URP-WA Softbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr, W6SAI and Stuart Cowan, WZLX 
Contains lots of well illustrated construction projects for vertical, long wire, and 
HFNHF beam antennas. There is an honest iudament of antenna gain figures, 
lnformat~on on the best and worst antenna locai~ons and he~ghts, a longlook at 
the quad vs the yagl antenna lnformatlon on baluns and how to use Mem, and 
new ~nformal~on on the popular Sloper and Delta Loop antennas The text 1s bas- 
ed on proven data plus pract~cal, on-the-a~r experience 190 paaes \dl978 1st . . . - 
edition 
URP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill Orr, W6SAl- New 3rd Edition 
lncludes NEW data for WARC bands 
The cub~cal quad antenna IS cons~dered by many to be the best DX antenna 
because of 11s s~mple, l~ghtwelght deslan and h~ah oerformance You'll bndquad 
des~gns for everything fiom the slngleelement io the multi-element monster 
auad There's a wealth ol data on constructlon. feedlna, tunlna. and mountlna - " 

quad antennas. 112 pages. 01982.3rd edition. 
CIRP-CQ Softbound $6.95 
P11:ase add $1 50 lor one book. $2.50 lor two or more books to cover sh~pplnq and handllnq 

Ham Radio's Bookstore Greenville, NH 03048 
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ARRL LICENSE MANUAL 
Here F the latest up to date l ~cens~ng  gu~de I rom the ARRL Plenty of the1 
delalled explanaltorls take most of the paln out 01 study~ng to  upgrade yc 
l~cense 
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As a n  added bonus, the 1985 U.S. Callbook 
also lists the amateurs in  Canada and Mexico! 
You get the complete and accurate U.S. 
listings (prepared by our own editorial staff), 
all the usual up-to-date Callbook charts and 
tables, PLUS Canada and Mexico. Now that's 

The best just got better! 
Of course. Canadian and Mexlcan amateurs 
are also llsted In the 1985 Foreign Callbook. 
~ 0 n . t  delay! The great new 1985 Callbooks 
were published December 1. 1984. 

Order your copies now! 
63th shlpptnp rmal 

0U.S. Callbook $21.95 $3.05 $25.00 

0Forelgn Callbook 20.95 3.05 24.00 

Order both books at the same t ime for 
$45.00 including shipping wl th ln the USA. 

Order from Your dealer or dlrectiy f rom the 
publlsher. Foreign resldents add $4.55 for 
shipping. lll lnois resldents add 6% sales tax. 

Keep your 1985 Callbooks up to date. 
The U.S. and Foreign Supplements Contain 
all activity for  the Prevlous three months 
including new licenses. Available f rom the 
publlsher in  sets of  three (March 1. June 1. 
and September 1) for only $15.00 Per set 
lncludlng shipping. Specify U.5. or Foreign 
Supplements when ordering. lll lnols res- 
ldents add 6% sales tax. Offer vold after 
November 1. 1985. 
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Tel: (312) 2346600 &d 

DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get stale-of-the-art performance. 

Most types available 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
Audio Bandpass Filler 
Audio IC Amplifier 

TUBES $23 PPD KlTS $25 PPD 

OVERSEAS AIR 57 

SARTORI ASSOCIATES, WSDA 
BOX 832085 

RICHARDSON. TX 75083 
214-494-3093 152 

HAZER YOUR ROHN 25 G Tower 
Antenna and rotalor mount on HAZER. 
complete system trams tower tn verltcle 
uprlght poslllon 

= Salety lock syslem on HAZER operates 
whtle ralslng-lowerlng 8 normal poslllon 
Never can fall 
Wejghl transferred dlreclly lo  lower Wlnch 
cable used only lor ralslng 8 lowerlng Easy 
10 Install and use 
W ~ l l  support most antenna arrays 
H ~ g h  qual l ly  ma le r~a is  8 work- 
manshlp 
Salety - speed - convenience - 
Smoolh lravel 

Hatel  3 Sl,!rsilarc ,$Iwa R y  I t  load 21300ppd 
H n t r r  4 Hl..iiv ilali \ l e e  16 SQ 11 lo.nc ZiBCO ppd 14 1 
I1,$II tnli~rl IIF~,IIP~I t H  .5 3i), , 3 1 1 ~  01 . l ! v i v ~ ~  4 2 %  ppd ,, ( 
AS an allernatlve, purchase a Mar l~n  1 - d 
M-13 or M- I8  alumlnum lower engl- 
neered spec~ l~ca l l y  lor the HAZER 
syslem 

GLEN MARTIN ENGINEERING INC. 
P.O. Bor H 253 B~vllle, Mo. 69233 8 

816882-2734 1/ 153 
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Wrlnen by users. lo, users I t GAMES UTILITIES EDUCATIONAL 

) Our Latest Releases 
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Y Ollk Or Tape SlOW each 
ARTER PAK-3 I .. v ;, or 
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Tell 'em you saw it in HAM RADIO! 



The only repeaters and controllers 
with REAL SPEECH! 

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

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

MICRO CONTROL SPECIALTIES 
I - Division of Kendecom Inc. 

23 Elm Park, Groveland. MA 01834 (617) 372-3442 

Free Antenna Accessories Catalog 

4 Coaxial Antenna Relays 
? - - a Remotely select up to 9 antennas - % '  . - . from your transm~tter, uslng only one 

P coaxial cable. Env~ronmental~zed, h~gh 
2 " power and low loss 

W ~ A U '  and W2DU Balunsb 
Our baluns. center ~nsulators and in- * 

sulators have been preferred for 20 
years by Hams, ~ndustry, and the armed 
forces Protect aga~nst TVI and llghtnlng 
1 8-200 MHz 

4 W2VS Antenna Traps 
Add these traps to your d~pole and 

u get low SWR on 2 lo 6 bands. depen- 
d~ng on how many you add Antenna 

L wlre and custom ktts also ava~lable 

Send For Yours Today b 
Don't delay. Call or wrlte loday, and 

we will send you free Illeralure whlch 
fully descrtbes our Ham antenna ac- 
cessory product h e .  

Dealer inquiries also welcome. 

8 ,  . 6743 Klnns St.. East Syracuse. NY 13057 
' Free 1-800-448-1666 TWX 710.541.0483 

NYIHIIAKICanada (Collect) 375437.3953 

H 156 

More Details? CHECK-OFF Page 126 

YOU WANT IT? 
DAN'S COT IT! 

? E L  " Uri 

Fl 

KENWOOD 

ALL OF THESE GOODIES AND MANY MORE 
AT A SUPER SAVINGS! 

CALL TODAY 
1 (800) 241-2027 

BRITT'S 2-WAY RADIO 
Sales & Service 

2508 Atlanta Street 
SMYRNA, GA. 30080 

fl 157 
(404) 432-8006 
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2 meter 
amateur 
antenna.. . 

the . . .  
Mosley 
Diplomat 2 
Speclal customizing features 
Available for the Business & 
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Alpha Delta's new DX-A 160 and 80 rn leg approx 80' long 40 
meter leg 33' long Installs ]us1 llke an ~ n -  

Twin Stoper Antenna com- verled v Fed WII~ single 50!1 feedllne 

bineS the tremendous power Current lobe up hlgh lor maxlmum radia- 
11on Can be ~nslalled belween 25 and 40 

of the quarter wave sloper feet 

with the wide bandwidth of a Broad band perlormance Allhough band- 

half wave dipole. Easy to in- 
~ ~ d t h  IS delermlned by your ~nstallalion. 
tests have shown 85 kHz on 160 m. 200 

stall, simple to tune.  HZ on 80 m, and IUII coverage 01 40 m 
Tuner usually no1 requ~red. 
No lossy traps. A s~ngle "ISO.RES," 
~so~a~ortresonator COII IS used 10 tune 80 
and 160 meters 
Rated a1 1 5 KW oulpul 
Ouallty hardware and UV protected coll. 
Sla~nless steel ensures excellent all 
wealher perlormance. 

add 53 00 ahlpplng and handlong. (USA only) 

O 801 511. Cenlervllle. Ohlo 45459 

"DX IS map d l h  my wr .1  weapon'' 
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Omnldirectlonal vertically polarlzed hlgh- 
performance 2 meter antenna with low angle 
of radlation for maximum coverage. The new- 
est addition to  the Mosley 2 meter line o f  
Ouality antennas! Ideal for area 2 meter 
OSO's and repealer to moblle communica- 
tions. Simplicity o f  design makes for ease in 
assembly. Vertical element made of hlgh len- 
Sile strength, high grade aluminum. High im. 
pact polystyrene base. All parts 100% rust- 
proof. Antenna lightweight. Power rated 1 KW 
FMICW. 2 KW P.E.P. SSB lnpul to  the final. 
Mounting fits up to  1 '/r " OD mast. Another 
Oualily addition to  the Mosley 2 meter family 
of antennas. 

SPECIFICATIONS AND PERFORMANCE DATA 
GAIN: 3.4 aa. compand to '/. wave pmund plow 
VSWR: 1.Wl or better 
IMPEDANCE: 52 ohms 
MATCHING: 'lnducl.O.Mntch' 
GROUND RADIALS: 4 
WIND LOAD (80 MPH EIA STD). VERTICAL: 8.12 Ibs. 
ASSEMBLED WEIGHT (approx.): 1 Ib. 12 02. 
HEIGHT (approx.): 4 11. 

1344 B E U ~  Boulevard.  St. Louis, Mo. 63132 
1.314-994-7872 1-800.325-4016 

communlcatlon ~ y l l b m  Imvoln, mcw, vldeo or data tnnsmlenlon. not to mntlon mauntalntop DXlnpl 
MA87141.1 (pelr ot 10 mW tnn8caken) 1261.95. Hlpbr power unltn (up to 200 mW) nvnllnble. B. Mlcr* 
wave Anaoclnte8 24 GHz Gunnplexer. Stmllnr chareetndstlcs to 10 GHz unlt. MAO7laO.4 (palr 0120 mW 
transnlnn)  1738.20. C. Thla nuppo~! modula Is dealgnod lor US0 wlth the MA87141 end MA87(I?O and 
pmvlden sII o l  th. clrsultry lor e lull dupl8x audlo tnnscolvn aystsm. Tho board contnlne a l0w.nol.e. 
30MHz Im melver, modulnton lor volce and mcw op.rntion. Gunn dlodm ~ ~ u l e t o r  and vnrnctor nupply. 
Meter outpule am pmdded lor monllorlng m e l w d  rlgnal levels, dllcdmlnata ovtpul and randof  lunlnp 
voltope. RXMR30VD aenbmbled and tbstod 1118.85, D. Complete, nndy to unb communlcntlon nyetem 
lor mlce or mcw opntion. ldaal lor mpeater Ilnklng. A power supply cepnbln ol dellverlnp 13 volts dc 
01 250 mA(lor 0 10 mW venlon), mlcmphone, and heedphonn andlor Iwdspbnkr am the only addltlonnl 
Items nnd.d la opntion. m a  Gunnplbxor u n  be removed lor mmole mwnlinp to a towbr or 2 or 4 
loot perabollc antenno. TRlA(IA(lOGH2. 10 mW) 1398.95. Higher power unlts nvellabh. TR24GA(24 GHs 

20 mW) W39.95. Also avetlnble: horn. 2 and 4 fool para. 
bollc nntennne, Gunn, veraclor and detector dlodbn. 

Advonctc search and lock aysteme, olcilletor modules, wanguide. 
f l ~ ~ n n ,  etc. Csll or wrlte for addlllonal Inlormnllon. Let 

:eive R lake you hlgha Wh quall 11 

5 5 1 0 1  
,,, ,,-, Burllngton CT 06013 203 582-9409 - - 
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automatic temperature control 

Prevent premature 

equipment failures 
by sensing and acting on 

heat changes 

A few months back I acquired a solid-state VHF 
amplifier capable of running 200 watts output with only 
3.5 watts of drive from my handheld. Because I do 
most of my VHF operating at home, I decided to put 
the amplifier in the garage with the rest of the ham 
shack. This facilitated connections to the power supply 
and antenna, and since the garage is connected to the 
kitchen of our house, a 25-foot "umbilical cord" of 
RG&X coax allows me to wander about the kitchen 
and living room while continuing to QSO on 2 meters 
with 200 watts out. 

The only problem with this arrangement is that a 
200-watt amplifier draws a great deal of current and 
gets very hot, especially during the summer in our 
garage. A large muffin fan mounted at the back of the 
amplifier cooled it to a reasonable level, but I still had 
to go out to the garage to turn the fan on every time 
I wanted to use the amplifier. Although this procedure 
worked fine, it was an annoying task. 

One day some DX suddenly appeared on 146.52. 
Without thinking, I grabbed my handie talkie and pro- 
ceeded to make a 1200-mile contact on direct! 
Fantastic! 

Yes, it was . . . until the transistors in the amplifier 
unsoldered themselves. Fortunately, the transistors 
themselves weren't ruined - I don't know why - and 
I was able to repair the damage. But I obviously 
needed a better method of controlling the temperature 
of the amplifier without having to remember to turn 
on the fan and without having to waste electricity by 
leaving the fan running all the time. 

The thermostatically controlled AC outlet box de- 
scribed herein solved the problem. It features an ad- 

justable thermostat built around a Motorola MC3423 
overvoltage protection IC, a remote temperature 
sensor, and visual indicators of the state of the thermo- 
stat and the presence of AC voltage at the outlet. A 
flip of the front panel switch allows the thermostat to 
detect a falling temperature rather than a rising one, 
thus enabling the box to be used to turn on a heater 
or crystal oven during the winter months. 

theory of operation 
Figure 1 is a schematic of the thermostatically con- 

trolled outlet box. The heart of the circuit is U1, an 
MC3423. This IC was originally designed to function 
as an overvoltage protection device for DC power sup- 
plies. Normally, R6 and R7 would be two resistors 
placed across the output of the power supply. If the 
power supply voltage exceeds a critical amount (deter- 
mined by the values of R6 and R7), pin 8 of the 
MC3423 goes high (approximately 2 volts <VCC). 
Normally, pin 8 would be connected to the gate of an 
SCR that had been bridged across the terminals of the 
supply. Voltage on the gate would cause the SCR to 
conduct, shorting the power supply and blowing a 
fuse or tripping a circuit breaker. 

However, this very versatile IC can function as a ther- 
mostat by using an NTC (negative temperature coeffi- 
cient) thermistor for R7. Using a potentiometer for R6 
allows the thermostat circuit to be adjusted. When the 
power supply's voltage is constant, the resistance of 
R7 changes with temperature and "fools" the MC3423 
into sensing an overvoltage condition, sending volt- 
age to pin 8. As R7 warms up, its resistance falls. A 
greater value for R6 means a lower temperature will 
trigger U1 on, while lowering the value of R6 raises 
the temperature at which U1 triggers. 

Substituting a PTC (positive temperature coeffi- 
cient) thermistor for R7 - that is, a thermistor whose 
resistance decreases as its temperature decreases - 
would allow one to sense falling temperatures instead 
of rising ones. However, PTC thermistors are difficult 

By Douglas Rowlett, WB51RI, 2603 North 
Brompton, Pearland, Texas 77584 
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item description 

C1 3000 pF, 35-volt electrolytic 
C2 100 pF, 35-volt electrolytic 
C3 0.1 pF disc ceramic 
C4 330 pF, 35-volt electrolytic 
CR 1 13-volt, 5-watt zenef diode 

(RCA SK-13 or equivaknt) 
CR2 amber LED 
CR3 green LED 
CR4 bridge rectifier, 50-volt, 1 ampere 

(RS 276-1 161 or equivalent) 
FI 10-ampere fuse 
I1 miniature red neon lamp assembly 

(RS 272-708 or equivalent) 
K l  DPDT relay, 10-ampere contaCts at 125 VAC, 

12-volt coil (RS 275-278 or equivalent) 
Q1 ,Q2 21112222 transistors or equivalent 
R1 75 ohms, 5 watts 
R2 270 ohms, 1/2 watt 
R3 10 kilohm, 1/4 watt 
R4 15 kilohm, 1/4 watt 
R5 270 ohms, 1/2 watt 
R6 50 kilohm, panel mount potenti~meter 
R7 NTC thermistor, 1/4 watt, 10 kilohms 

at 70 degrees F (FR-1001A or equivalent) 
S 1 DPST toggle switch, 10-ampere contacts 
S2 DPDT miniature slide switch 
T1 12.6-volt, 300-mA transformer 

(RS 273-1385 or equivalent) 
U 1 MC3423 overvoltage protection IC 

C R 2  

:' R 2  

6 

to find in my area, and they are more expensive than 
NTC thermistors. S2 provides a simple way around this 
problem. Flipping S2, a DPDT slide switch, reverses 
the order in which R6 and R7 are connected to the 
power supply. As R7's temperature falls its resistance 
increases, thus allowing U1 to trigger when the tem- 
perature of R7 falls to a point determined by R6. 

When U1 triggers it sends voltage to the base of 
01, a 2N2222, which conducts and allows voltage to 
be applied to C4 and the base of 02, another 2N2222. 
C4 charges and 02 conducts, thus keying relay K1, 
which applies 115 VAC to the dual outlet. Anything 
plugged into the outlet, such as a fan or heater, then 
turns on. U1 also turns on CR2, an amber LED, 
through pin 6, giving a visual irldication that the trig- 
gering temperature has been reached. When the tem- 
perature changes to the point at which R7 can no 
longer hold U1 in its triggered state, U1 removes volt- 
age from pin 8 and turns off CR2. C4, however, con- 
tinues to energize K1 for approximately 1 minute, 
which prevents constant cycling of the relay and the 
devices connected to the dual outlet. Changing the 
value of C4 results in a fairly linear change in relay hold- 
in time for K1. For example, doubling the listed value 
of C4 gives a hold-in time of approximately 2 minutes, 

R6 

S 2  
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while halving the value of C4 gives a hold-in time of 
approximately 30 seconds. 11, a small red neon indi- 
cator across the contacts of K1, provides a visual in- 
dication that the outlet is "live," even when CR2 in- 
dicates that U1 is not in its triggered state. 

Transformer T1 and CR4, C1, CRl and C2 provide 
a regulated operating voltage for the thermostat. A 
regulated voltage is not really necessary for this cir- 
cuit, and CR1 and C2 could be omitted with little per- 
formance degradation. However, since U1 is really a 
voltage-sensing device rather than a temperature- 
sensing device, a regulated voltage across R6 and R7 
insures that changing line voltages will not affect the 
temperature at which U1 triggers. 

Capacitor C3 prevents line transients from trigger- 
ing U1 by setting the IC's internal delay time. In- 
creasing the value of C3 increases the time during 
which an "overvoltage" condition can exist before U1 
triggers. If this thermostat is to  be operated in an en- 
vironment where transients can be picked up by the 
internal or external wiring, such as near a transmitter, 
the value of C3 may have to be increased to  prevent 
false triggering of U1. Since the duration of transients 
will vary from location to location, you will have to 
determine the best value for C3 yourself. I have had 
to go as high as 0.5 pF in some locations, such as near 
a 2-kW homebrew amplifier. 

Relay K1 has contacts rated at 125 VAC, 10 amperes 
maximum. Thus, F1 is a 10-ampere fuse intended pri- 
marily to protect K1 from damage if the load at the 
dual outlet becomes excessive. Of course, any relay 
can be used at K1, but using a relay with a lower coil 
impedance than 160 ohms may necessitate using a 
heftier transistor at Q2. Any relay you use, however, 
must be able to be energized by the voltage across 
T I .  A relay whose contacts can handle more current 
may be necessary, in addition to a heftier switch at 
S1, if the thermostat is to be used to control some 
devices, such as space heaters, that draw large 
amounts of current when first turned on. The value 
of F1 would also have to be increased in such an in- 
stance. In the interests of safety, however, do not, 
under any circumstances, omit F l ,  and be certain that 
it is placed on the "hot" side of the AC line, not on 
the "neutral" side. 

construction 
Construction of the thermostat and outlet box is fair- 

ly straightforward, and lay'out is entirely noncritical. 
All the components, including T I  and K1, will fit on 
one small circuit board, with the exception of R7. This 
is covered with heat-shrink tubing and attached to the 
end of a piece of RG-174U miniature coax for remote 
sensing. R6, CR1, CR2, 11, S1, S2, and the AC outlet 
are mounted on the front panel. Figure 2 is a 

fig. 2. Internal view. with top cover removed. F1. TI, and K1 
are mounted near the top of the board. U2 is barely visible 
beneath the wiring at the lower left corner of the board. 

fig. 3. View of the front panel. Coiled black wire contains ther- 
mistor R7 (covered with heatshrink tubing) at one end. 

photograph of the completed outlet box with the cover 
removed. 

I suggest using sockets for CR4 and U1 to make re- 
placement, if ever needed, easier. In addition, you 
should use at least No. 12 wire from the AC line to 
K1 and from K1 to the dual outlet. 

operation 
Using the thermostat box is easy. Just plug it into 

a 115 VAC outlet and supply power through S1 (see 
fig. 3). The green LED should come on, and the amber 
LED and red neon indicator may come on at this time. 
If they do, adjust R6 until the amber LED goes out; 
a minute later 11, the red neon indicator, should go 
out as C4 discharges and K1 opens. Once again, 
remember that whenever I1 is on, 115 VAC is present 
at the dual outlet, and 17 provides a visual warning of 
the presence of potentially lethal voltage. 

Now set S2 to the condition you wish to monitor 
- that is, either rising or falling temperature. Place 
R7 at a convenient point where it will be exposed to 
the temperature you wish to control. For example, the 
sensor can be placed between the fins of an amplifier's 
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heatsink. Plug a fan into the outlet on the front panel, 
and adjust R6 until CR2 and I1 come on when the 
amplifier becomes hot enough to need cooling. As the 
fan blows cool air across the amplifier's heatsink, R7 
will cool off and CR2 will go out. The fan, however, 
will continue to run for one minute. 

That's all there is to it. As the amplifier heats up, 
the thermostat will turn on the fan to cool things 
down. When the amplifier is not is use, the fan will 
remain off. 

other uses 
This device can be used anywhere around the shack 

or the house where you wish to sense a rising or fall- 
ing temperature. For example, it can function as a 
freezer alarm by plugging a 115 VAC alarm bell into 
the outlet and adjusting the thermostat to trigger 
whenever the temperature rises above 32 degrees F. 
It can be used to turn on a crystal oven when the tem- 
perature inside an oscillator falls below 80 degrees F 
(27OC). It can even be used to turn on a floor fan or 
space heater whenever the temperature in your shack 
rises or falls to uncomfortable levels. Anywhere you 
need to monitor a rising or falling temperature and turn 
on some device at a critical point, this thermostat will 
come in handy. 
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protecting equipment 
Spring is typically the season in 

which most VHF/UHFers dust off their 
gear and get ready for all those good 
tropospheric and sporadic-E openings. 
It's also the time of year when static 
electricity and lightning tend to in- 
crease. Between the increased oper- 
ating activity and the forces of nature, 
equipment failures can and do happen! 
Whether the result of carelessness or 
the ravages of nature, damage to ex- 
pensive equipment can be frustrating. 
But with proper know-how and a little 
bit of effort, failures can be anticipated 
and prevented. 

Many types of failures can affect 
Amateur equipment. - in-band RF, 
out-of-band RF, low frequency and 
supply transients, the forces of nature, 
damage in physical handling, and com- 
ponent overstressing are just a few. 

in-band RF 
Probably the prime source of failure 

in Amateur VHF/UHF equipment, in- 
band RF most often affects receivers. 
Simply put, the receiver input stage is 
subjected to RF on the frequency of 
interest at a level that exceeds the 
breakdown of the first active device. 
With the proliferation of solid-stage 
receivers over the last decade - 
especially on 70 cm and above, where 
high transmitter power (1000-1500 
watts output) is required, - this phe- 
nomenon is now quite common. The 
primary reasons for this type of failure 
are inadequate TIR (transmitlreceiver) 

relay isolation and improperly timed 
relay sequencing. 

relay isolation 
Most Amateurs use T/R relays that 

are either the bladed or the lever arm 
type. The bladed type (fig. 1A) is the 
most common and is similar to the 
everyday low-frequency relay except in 
that a moving arm is built into a coax- 
ial airline structure. The contacts are 
capacitance junctions and the spacing 
between the moving contact and the 
input or output connector contact 
determine the isolation between the 
transmitter and receiver. There are 
many tradeoffs with this type of relay 
because the spacing and the size of the 
contacts determine the isolation, 
VSWR, and power handling capability 
of the relay. 

If the capacitance across the relay 
junction is known, the isolation can 
be calculated using the following 
formula: 

isolation = 10 loglo [ I  + (Xc/2Zo)*] 
(1) 

where isolation is in dB, X, is the 
capacitive reactance of the junction, 
and Zo is the transmission line impe- 
dence, typically 50 ohms. For example, 
a typical relay junction has a 0.1 pF 
capacitance. Therefore, at 500 MHz 
the capacitive reactance is 3180 ohms 
and the isolation will be approximately 
30 dB. (For those who do not want to 
work out the mathematics, f ig. 2 
shows isolation versus capacitance 
values.) Note that the isolation across 

a purely capacitance junction de- 
creases approximately 6 dB every time 
the frequency is doubled. Conse- 
quently, a relay with 40 dB of isolation 
at 2 meters will have only approxi- 
mately 30.5 dB of isolation at 70 cm 
- quite a decrease! 

Some relay designers add a set of 
grounding contacts across the open 
circuited contacts (fig. 16). This can 
significantly increase the isolation. 
However, this places a short circuit 
across the attached device, typically a 
low-noise preamplifier. This may cause 
transients when switching or oscilla- 
tions while in the transmit mode.' 

The lever arm relay configuration 
(fig. 1C) is more complex and hence 
more costly, but has higher isolation 
because this construction increases 
the spacings between the input and 
open circuited port of the relay. How- 
ever, it is likely to have a lower power 
handling capability than the bladed 

type. 
The relays most often used by 

Amateurs (and often found at flea 
markets) include the Amphenol 300, 
Dow-Key DK-60, MIA-Com 7524, and 
the Transco "Y." Typical isolation ver- 
sus frequency is shown in fig. 3 for' 
some of the types mentioned. A typi- 
cal solid-state receiver will withstand 
10 milliwatts or + 10 dBm (dB above 
a milliwatt) at its input without dam- 
age. Therefore, at an RF power level 
of 1500 watts ( +62 dBm), a relay with 
at least 52 dB of isolation should be 
used. 

The Transco type-\/ relays I've pur- 
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chased at flea markets have shown 
high insertion loss on one or both of 
the paths. This is easily checked with 
an ohmmeter. When the contacts are 
energized, the resistance should be 
less than 1 ohm. Try cycling the relay 
several times to check for intermitten- 
cies, a common occurrence. 

If the resistance is high, unscrew the 
appropriate connectors with a narrow- 

N C  N 0  

A C T U A T O R  

0 
C O M M O N  

C O M M O N  
A C T U A T O R  

A 

0 

N C 

A C 7 0 4 T O R  

0 N C  COMMON N O  

fig. 1. Common types of coaxial relay 
switches: (At bladed, IS1 bladed with 
additional shorting contacts. and (C) 
lever arm. 
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width open end wrench lif the relay 
has set screws on the connectors, 
remove them first). Then burnish the 
contact point on the end of the con- 
nectors. Next, reach inside the center 
compartment and burnish the comple- 
mentary contacts. (Better yet, remove 
all three connectors, carefully noting 
the position from which each was 
taken.) Clean all internal contacts and 
connectors and as a final measure use 
solvent or flux remover on all contacts 
to eliminate any film. Then rotate the 
connectors 120 degrees so that a dif- 
ferent connector is placed in each posi- 
tion; this will increase the likelihood 
that each connector contact will be at 
a new and clean point. Retest the con- 
tact resistance. If you have a good RF 
test setup, measure the insertion loss. 
It should be less than 0.2 dB through 
450 MHz. Isolation is seldom a 
problem. 

All the relays just metioned are 
available with type "N" connectors, 
the preferred connector type for 2 
meters and higher frequencies. How- 
ever, this connector type is power- 
limited to approximately 500 watts at 
500 MHz and commensurately lower 
at higher frequencies. I know that 

many Amateurs are exceeding this 
power level on "N" connectors; if 
you're one of them, keep your VSWR 
low and never try to "hot switch" RF 
power. 

relay configurations 
Some of the relays mentioned will 

not provide the isolation necessary to 
protect receivers, especially on the 
higher frequency bands. Therefore, a 
second relay is often cascaded with 
the TIR relay (see fig. 4A) to further 
increase receiver protection.' 

Because this second relay is switch- 
ing low power, it doesn't have to be 
a high power type. Often relays with 
BNC connectors are used at the lower 
frequencies and SMA connectors at 
UHF. Furthermore, this relay doesn't 
have to have high isolation since the 
primary TIR relay is capable of pro- 
viding most of the needed attenuation. 

If two relays with similar isolation 
are connected back-to-back with the 
shortest possible connection, the com- 
bined isolation is only 6 dB greater 
than the single relay isolation.' If the 
same two relays are placed an electri- 
cal quarter wavelength apart at the 
operating frequency, the isolation will 

10 -- 

0 -- - .- . - 
1 0 0  2 0 0  5 0 0  I 0 0 0  2 0 0 0  5 0 0 0  I O . 0 0 0  

F R E Q U E N C Y  I M H z I  

fig. 2. Isolation versus frequency when a capacitor is connected in series with a 50-ohm 
transmission line per eq. I .  Other capacitance values can be interpolated. 



be approximately 6 dB greater than the 
combined relay isolation. For example, 
if two relays each with 30 dB of isola- 
tion are connected is cascade, the the- 
oretical maximum isolation will be 66 
dB. 

Never use one-half wavelength 
spacing between TIR relays since the 
attenuation can theoretically go to 0 
dB (fig. 5).2 For practical and 
theoretical considerations, one-tenth 

wavelength spacing is all that is recom- 
mended because it will keep losses at 
a minimum and decrease isolation by 
about only 6 dB from the maximum 
possible! 

Figure 5, an updated version of the 
one shown in reference 1, will yield 
typical isolation values at a glance for 
a 30-dB isolation relay (the example 
discussed at the beginning of this 
article). 

I F R E O U E N C Y  ( M H z 1  I 
fig. 3. Typical values of isolation on some of the more popular TIR relays used by 
Amateurs. 

Other values of isolation can be 
calculated. The relay capacitance must 
first be measured or calculated using 
eq. 1. Then use the following 
equations: 

isolation = I0 loglo 0.25 (2) 
(4 + (2XN cos 6 - X$ sin 0)] 

where isolation is in dB, X N  is per eq. 
3 (below), and 0 is the electrical spac- 
ing of the relay contacts in degrees. 

where f is the frequency of operation 
in Hz, C is the open-circuited capaci- 
tance of the relay contacts in farads, 
and Z is the transmission line impe- 
dance in ohms. 

remote preamplifiers 
Remotely located or antenna- 

mounted preamps are becoming very 
popular, especially on 2 meters and up, 
on OSCAR 10, and on EME. The dual 
relay scheme illustrated in fig. 4A is 
highly recommended in these applica- 
tions. Note that the preamplifier is ter- 
minated with a 50-ohm load when in 
the transmit mode, not a short or open 
circuit as discussed earlier in this arti- 
cle and in reference 1. 

Finally, all TIR relays should have 
adequate time to switch before any 
transmitter power is applied. This is 
easy to accomplish if a high-voltage 
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fig. 4. Recommended relay switching schemes. (A1 see text for explanation of relays. Distance "X" should typically be 0.1 to 0.25 
wavelength as explained in text. (8) RL3 is a typical DC type relay with double pole contacts. RL4 is the high-voltage relay in the 
transmitter power supply. (See text for further tlxplanation.) 



Hand-held Transceivers 
Deluxe models R ~ l a r  SALE 

....... IC-02AT for 2m 349.00 28gq5 
IC-04AT for 440 MHz 379.0031995 
Standard models Regular SALE 
IC-2A for 2m .......... 239.50 18gq5 

...... IC-2AT with TTP 269.50 19gq5 
IC-SAT 220 MHz, TTP 299.95 239" 
IC-4AT 440 MHz . TTP 299.95 239" 

PS-55 Power supply ............... TBA 

EX-195 Marker unit ................ 39.00 
EX-202 LDA Interface: 730/2KUAH.1 27.50 
EX.203 150 Hz CW audio filter ..... 39.00 

-EX-205 Transverier sw~tching unit 29 00 
SM-5 8-p~n electret desk m~crophone 39.00 
HM-10 Scann~ng mobile m~crophone 39.50 
ME-5 Mob~le mount ................ 19.50 

IC-720A 9.band xcvr/.l.30 MHz rcvr 1349.00 79gq5 
FL-32 500 Hz CW filter ............. 59.50 
FL-34 5.2 kHz AM f~lter ............ 49.50 
SM-5 8-p~n electret desk microphone 39.00 
ME-5 Mob~le mount .......... ..... 19.50 

PS-35 Internal power supply ....... 160.00 144" 
EX-241 Marker u n ~ t  ................ 20.00 
EX-242 FM unit .................... 39.00 

....... EX-243 Electronic keyer unit 50.00 

Shonwave receiver 
R-71A 100 kHz-30 Mhz digital receiverS799.00 659" 

SM-6 Desk m~crophone ............... 39.00 RC-I1 Wireless remote controller ... 59.95 19" 
ME-12 Mob~le mount ............... 19.50 EX-310 Vo~ce sythes~zer .............. 39.95 FL-32 500 Hz CW ltlter ............. 59.50 

IS-32 CommSpec encode/decoder ... 59.95 FL-63 250 Hz CW l~ l te r  (1st IF) ..... 48.50 
UT-15 Encoder/decoder interface ... 12.50 FL-44A SSB filter (2nd IF) .......... 159.00 144" 

UT-15s UT.15S w/TS.32 installed .... 79.95 EX-257 FM untt .................... 38.00 
.......... EX-310 Vo~ce synthesizer 39.95 

HM-12 Extra hand m~crophone ..... 39.50 
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fig. 5. Additional isolation available from cascade-connected relays with a connecting 
transmission line. 

relay is used in the transmitter as 
discussed in February's c ~ l u m n . ~  I've 
often seen complex circuitry that relies 
on R/C time constants and such. Tim- 
ing capacitors, especially of the elec- 
trolytic type, are often unreliable and 
may decrease in capacitance as they 
age. 

Figure 46  is a simple semi-foolproof 
way to add some time delay sequenc- 
ing with the addition of only one low- 
cost DC relay. In this scheme, the ex- 
tra relay will have to first close, which 
will add about 10 milliseconds delay 
before power is applied to the high 
voltage relay. When the TIR switch is 
opened, the high voltage relay loses 
power immediately and turns off. 

One last caution is in order. Many 
modern transceivers, HF and VHFI 
UHF alike, can inadvertently transmit 
a short burst or pulse of RF either 
when they're first turned on or when 
they're switching modes. Depending 
on the station configuration, this could 
spell disaster to an inline preamplifier 
that is not properly protected. 

input limiters 
Relays are fine, but you may want 

some extra built-in protection. A sim- 
ple low-power limiter was described in 
reference 4. A low-cost hot carrier 
diode is placed across the base to emit- 
ter junction of the bipolar transistor as 
shown in fig. 6A. This type of limiter 
will protect only up to about 1 watt. 
Hot carrier diodes used as limiters 
should have a low junction capaci- 
tance and a low forward resistance. 
For example, the MIA Com MA4882 
or NEC ND4981-7E are recommended. 
The Hewlett Packard 5082-2810 and its 
equivalents are not recommended 
since the laboratory tests I conducted 
showed that they have a high resis- 
tance at increased current. 

Often I see back-to-back diodes 
indiscriminately placed across the in- 
put of a receiver. Out-of-band signals 
- for example, FM, TV, and broad- 
cast - can often induce enough vol- 
tage at a receiver input to drive these 
diodes into conduction and cause spu- 
rious signals to appear. Point contact 
diodes are the most susceptible, fol- 
lowed by hot-carrier and then silicon 
types. Therefore, if you use limiter1 
protection diodes at a receiver input, 
they should be located after a band- 

BIAS 
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fig. 6. Typical recommended diode pro- 
tection schemes for receivers. CB is a 
blocking capacitor. CRI and CR2 are hot- 

I carrier types as described in text. CR3 is 
a PIN diode. RFCl is an RFchoke for DC 1 return. 

pass filter as shown in fig. 6B. 
Remember, hot carrier diodes can han- 
dle only up to about 1 watt of incident 
power. 

Finally, commercial designers fre- 
quently use PIN diode limiters, espe- 
cially above 500 MHz (see fig. 6Cl. 
These unique diodes turn on quickly, 
then drop to a very low resistance 
and reflect the incident RF. Most PIN 
diodes are able to handle much more 
power than hot carrier diodes. Most 
microwave diode suppliers manufac- 
ture these devices, but discussion of 
a recommended device and circuitry 
will have to wait for a future column. 
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out-of-band protection 
The input protection schemes just 

mentioned are not always sufficient. 
Other RF problems can inadvertently 
occur from out-of-band signals. For in- 
stance, some years ago I advocated 
the use of an "idiot" diode in preampli- 
fiers to prevent application of improp- 
erly polarized power ~upp l ies .~  Eventu- 
ally I placed idiot diodes into all my 
preamplifiers. 

No preamplifier failure has ever 
occurred from improper supply polar- 
ity. However, soon after installing the 
idiot diodes, I began experiencing ran- 
dom burnout, especially on my J-FET 
preamplifiers, which are usually quite 
rugged. I tried all types of input filter- 
ing, without success. This random 
problem continued for over a year. 
Finally I realized that the burnout oc- 
currences increased during the winter, 
a time of low electrical storm activity 
and the time of year when I spend 
many hours DXing on the low end of 
80 meters. 

With the help of a digital voltmeter, 
a second operator, and careful meas- 
urements, I found that the 80-meter RF 
was coupling to my 12-volt power sup- 
ply leads going into my preamplifiers. 
The idiot diode was rectifying the RF 
and adding it to  the 12 volts from the 
supply! In one case, the actual DC at 
the drain of a 2-meter preamplifier was 
26 volts with the 80-meter kW in oper- 
a t i ~ n . ~  The reason this probably did 
not affect my bipolar preamplifiers was 
that they also had zener diode biasing, 
which limited the voltage across the 
d e ~ i c e . ~  

The solution is simple. Place a 0.1 
pF ceramic disc capacitor - 
remember, this is low frequency - on 
the DC line where it enters each pre- 
amplifier. (Larger capacitance values 
are not recommended because they 
may not act as a good RF bypass.) 
Any RF trying to enter the power line 
to the preamplifier is now bypassed 
and no longer seen by the idiot diode. 
The only failure I've experienced since 
that time was in a preamplifier that I 
forgot to bypass! 

High-pass or bandpass filters are 

always recommended ahead of a 
receiver because they prevent RF, 
especially at HF, from entering the in- 
put of the ~rearnplifier.~,' When selec- 
ting a filter, a capacitor input type is 
recommended per reference 8. Filters 
that use a shunt inductor at the input 
(such as a loop on a cavity filter) are 
not recommended because they usu- 
ally have insufficient attenuation at 
lower frequencies. 

low frequency and 
supply transients 

Several types of failure modes are 
induced at low frequencies, especially 
in power supplies. One type is spikes 
or transients on the AC mains. Labora- 
tory tests show that 500 to 1000 volt 
transients are always occurring, espe- 
cially when motors or inductive 
devices are turned on and off. A 
shunt capacitor across the AC line 
helps, but is usually insufficient 
protection. 

Zener diodes are often too slow to 
turn on and usually have limited power 
handling capacity. Modern protection 
devices such as the MOV (metal oxide- 
varistor) were specifically designed 
to operate at high frequencies and 
clamp incoming spikes similar to the 
action of a back-to-back zener diode. 
Such devices are inexpensive (less 
than $1.75) and readily available for 
130 and 230-volt AC power. General 
Electric part No. V130LAlOA or 
V250LA20A are suggested units for 
130 and 250 volts AC, respectively. 
Radio Shack stocks similar MOVs. I 
highly recommend that you place one 
of these devices across the primary of 
all power supply transformers after the 
fuse as shown in fig. 7A. 

General Semiconductor Industries, 
Inc. makes several products under the 
names TransZorbTM and T h y Z ~ r b . ~ ~  
These devices, available from 5 to 700 
volts, are particularly noted for their 
speed and power handling capability.1° 
They can also be used across AC lines 
and wherever fast-acting zener diodes 
are desirable. 

For many years I've been preaching 
that you should always use a dedicted 

power supply for all receiver  circuit^.^ 
Using a preamplifier power supply for 
relays is not recommended. When re- 
lays are deenergized, inductive spikes 
are produced - and these can easily 
destroy a preamplifier if it's connected 
to the same supply. Even if you use a 
separate relay supply, it's best to place 
a 1 N4004 or equivalent diode reversely 
polarized across all DC relay coils, T/R 
relays included (unless they're AC 
types) as shown in fig. 78. 

The manner in which solid-state 
devices are biased can also be a failure 
mechanism. The use of three terminal 
voltage regulators with protection 
diodes is highly rec~mmended.~ I 
strongly suggest the addition of a 
limiting resistor, however small (20 to 
100 ohms is suggested), in series with 
each solid-state device to lower 
dissipation in case of runaway biasing. 
As another precaution, place a zener 
diode a few volts above the power 
supply voltage after the resistor. It will 
also serve as an idiot diode since most 
zeners have less than 1.0 volt drop 
when biased opposite to convention. 
These schemes are shown in fig. 7C. 

AC line filters 
Brute-force line filters are also 

recommended, especially to prevent 
damage from large surges typical of 
lightning strikes. A 50 to 100 pH induc- 
tor should be placed in series with the 
AC line where it comes into the ham 
shack and followed by an MOV or 
TransZorbTM of the appropriate rating 
as shown in fig. 7 0 .  Note that the in- 
ductor must have an air core. Ferrite 
cores or rods will saturate and become 
ineffective if a large surge voltage 
should be induced onto the AC lines 
by a lightning strike. 

the forces of nature 
So far we've been talking mainly 

about protection against common 
man-made causes of burnout. But 
natural forces, in the form of static 
electricity or lightning, can be extreme- 
ly destructive. Although statisticians 
assure me that even in the worst 
lightning-prone areas such as central 
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fig. 7. Recommended power supply protection schemes. Cs is a blocking capacitor. CR1 and CR6 are MOV type protection diodes. 
CR2, 3 and 4 are IN4004 or equivalent (see textl and CR5 is a zener diode approximately 2 volts above the operating voltage of the 
circuit. Rx is typically 20 to 100 ohms (see text). L1 is a 50 to 100 pH RF choke made from 120 to 170 turns of No. 18 AWG or larger 
(depends on current to be drawn) enamel coated wire spaced wire diameter on a 1-inch 12.54 cm) diameter wooden dowel. 

Florida, lightning strikes the same 
place only once every 10 years, don't 
trust your luck. My station has been 
hit more than once; the worst strike 
occurred in the Santa Clara Valley in 
California, a normally low probability 
area. 

Because lightning protection has 
often been discussed in Amateur publi- 
cations,1° I will highlight only those 
problems that most affect VHFI 
UHFers. Experts tell me that when 
lightning strikes within 1000 feet (300- 
meters) of your equipment, damage 
will result. Even a 1-mile (1.6 km) 
separation from a lightning strike can 
result in damage caused by line voltage 
surges. Many simple techniques can 
be used to lessen or prevent lightning 
destruction to Amateur equipment; 
while some have been amply dis- 
cussed in the literature, others have 
not, and I want to share them with 
you. 

proper grounding 
is important 

First, all antenna feeds should have 
a built-in ground return. This can often 

be incorporated as part of the feed sys- 
tem: for example, a "T" match or the 
balun connected to a metal boom or 
mast. The voltage breakdown of air at 
sea level with low humidity and room 
temperature between two flat surfaces 
is approximately 70 to 75 kilovolts per 
inch (28 to 30 kV/cm). A needle point, 
on the other hand, will break down at 
about 26 to 30 kV per inch (10-12 kV/ 
cm). Therefore, a " B l i t z b ~ g " ~ ~  type of 
lightning arrestor installed in each 
transmission line will add an additional 
safety factor. Since this type of device 
has a point spacing of about 0.02 inch 
(0.05 mm), it should fire at 500 to 700 
volts and handle reasonable follow-on 
current. The most common type of 
BlitzbugTM available is fitted with UHF 
connectors, but usable, with low 
VSWR, to about 450 MHz. 

SVPs (surge voltage protectors) are 
becoming very popular. Basically they 
consist of a pair of electrodes properly 
spaced and hermetically sealed in a 
rare gas field. Breakdown voltages of 
70 volts and up with low shunt capaci- 
tance (0.5 to 2 pF) are now available. 
Several manufacturers offer them for 

insertion in transmission lines. Re- 
member that SVPs, while fairly quick 
to turn on, will not prevent damage 
from the large or sustained current 
typical of a direct hit as effectively as 
the B l i t ~ b u g . ~ ~  

For best lightning protection it may 
be best to install both types of devices 
in cascade in your feedlines and 
spaced about one-tenth wavelength 
apart such as discussed in the relay 
section of this column. In all cases, 
each of these devices should have a 
separate low-impedance ground return 
(see below). 

towers 
Towers should never be higher than 

necessary. The highest object in a 
given local area, after all, is especially 
vulnerable to lightning strikes. Each 
time the height of a tower is doubled, 
the chance of its experiencing a direct 
hit increases by a factor of 4! 

In the "good old days" lightning 
rods were installed on the rooftops of 
homes and tall buildings. I always 
thought they were meant to provide a 
discharge path, but some of my old- 
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NAMPA SATELLITE SYSTEMS, wc. 
W O  LOCATIONS 

3 12 12th Ave. So. 6103 W. 34th St. 
Nampa, Idaho 8365 1 Houston, Texas 77092 
(208) 466-6727 (71 3) 957-5 140 

1 -800-654-0795 
For Service ONLY (208) 467-3204 

NEW LOW, LOW PRICES! 
_ NATIONAL FINANCING AVAILABLE THROUGH NAMPA SATELLITE 

MD9.  9 Dish * FOR MORE INFORMATION CALL 208-466-6727 

ALL SYSTEMS FREIGHT PRE-PAID FROM NAMPA, IDAHO OR HOUSTON, TEXAS 
EACH OF THE FOLLOWING SYSTEMS CONSIST OF: Recerver, 100° LNA, LNB, or LNC, Wrlson MD-9 Drsh, 

100 Fr. C.?ble Pack, LNA Cover, Polarrnatrc I Feedhorn, NSS D~sh Dnve, All Connectors and lnstructrons 

Wilson YM I 000 System $1648 
10". Down Payment-S 164 .80  36 payments of 554.001mo. 

Wilson YM400 System $1442 
10% Down P a y m e n ~ S  144 .20  36 payments of S46.001mo. 

Little Wil L W ~  $1099 
10% Down Payment-$109.90 36 payments of S36.001mo. 

Little Wil RV5 $1399 
10% Down Payment-$139.90 36 payments of 545.001mo. 

Drake 2 4 0  A + APS24 $1995 
10% Down Payment-51 99 .50  36 payments of $65.001mo. 

Luxor Mark 2 System BLOCK DC $25 12 
10% Down Payment-$25 1.20 36 payments of S75.001mo. 

Dexcel 1 300-0 1 System $1988 
10% Down Payment-S198.80 36 paymenu of $63.001mo. 

Dexcel 1 200-0 1 System $1633 
1 0 ' ~  Down Payment-$163.30 36 payments of $54.001mo. 

I Uniden UST 3000 System $1 772 
10% Down Payment-$177.20 3 6  payments of S57.001mo. 

Uniden UST 1000 System $1 5 7 1 
10% Down Payment-S 157.10  3 6  payments of $52.001mo. 

Sigma Mark 2A $1438 
10% Down Payment-$143.80 36 payments of 546.001mo. 

Sigma Mark 3 MOCK DC $1662 
10% Down Payment-S 166.20  36 payments of S54.001mo. 

Sigma Mark 5 rroca DC . $2049 
10% Down Payment-$204.90 36 payments of S66.001mo. 

MIA Com HI BLOCK DC $2282 
10% Down Payment-$228.20 36 payments of $74.001mo. 

MIA Com TI aom DC $21 82 
10% Down Payment-$21 8.20 36 payments of 571.001mo. 

STS MBS-SR-AA $2349 
10% Down Payment-S234.90 36 payments of 576.001mo. 

PM 9' Dish ........................................ $ 60 NSS Memory Tracker ........................... $100 
UM 10' Mesh Dish .............................. $1 80 MTI 2 100 ......................................... $225 ......................................... Prodelin 1 W Dish ................................ $400 MTl 4 100 $345 
Continental Mesh Dish 10' .................... $400 Houston Tracker IV  ............................. $325 
8S0LNA ........................................ $ 80 Houston Tracker IV + ......................... $425 
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timer friends tell me that they may in 
fact work in the opposite way, emitting 
electrons and thereby repelling or at 
least decreasing the probability of a 
direct strike! In this regard, the same 
experts tell me that a blunt or ball- 
shaped object would be a better way 
to ground a strike. I don't know which 
is correct. Maybe someone reading 
this column can enlighten us. 

Regardless of the outcome of this 
question, all towers and antennas 
should be well grounded for lightning 
protection. A single ground rod is not 
sufficient. Two ground rods may be 
even less effective than expected be- 
cause when they're positioned close 
together electrically, they couple to 
each other. Therefore, I recommend at 
least two ground rods spaced 10 to 15 
feet (3 to 5 meters) apart, close to the 
base of a tower but at least 2 feet (60 
cm) from any concrete used in the 
installation. 

All ground rods should be at least 5 
to 8 feet (1.5 to 2.5 meters) long, with 
a minimum diameter of 518 inch (16 
mm). Always use high quality, well 
plated grounding rods (available from 
most electrical supply houses). Small 
low-cost ground rods often rust and 
become poor grounds after the first or 
second rain storm! 

Grounding rods should be con- 
nected to the tower with a heavy (No. 
6 AWG or larger) solid copper wire. 
This wire should be kept as straight as 
possible so that it forms a low imped- 
ance path for lightning (as just dis- 
cussed). Keep all bends to a minimum. 
Also keep ground return wires away 
from other wires or cables to minimize 
any coupling effects. 

A strong bonding connection should 
be made where the grounding wire 
connects to the tower and the rod. 
The inductance of the wire and its 
ability to handle the peak current of a 
direct lightning strike are very impor- 
tant. [I had a single aluminum 118 inch 
(3 mm) diameter ground wire that ex- 
ploded open when hit by lightning. 
You should have seen the damage in 
the shack as the strike found other 
discharge paths!] 

Lightning usually travels in a straight 

line. Therefore, whenever possible, 
bring all transmission lines away from 
your tower at right angles and in a 
reverse direction as shown in fig. 8A. 
This will cause any lightning to go 
directly to ground rather than down 
the transmission line, since the bend 
will act as a high impedance. In addi- 
tion, you can loosely coil up to 3 to 5 
turns of your feedline in a 4 to 8 inch 
(10 to 20 cm) diameter, depending 
upon the minimum bending radius, to 
act as an RF choke (see fig. 86). 

Remember that a direct hit can 
cause an extremely large current (20 to 
100,000 amperes!) to flow. Enclosing 
all transmission lines within an iron 
waterpipe or tube (such as EMTI that 
is just a bit larger than the diameter of 
the line will considerably diminish the 
induced current. This is because of the 
limiting of the magnetic field by the 
steel (ferromagnetic material) tubing as 
shown in fig. 8C. The preferred 
method is to use 20 feet (6 meters) of 
tubing for each line, but even a single 
5-foot (1.5 meter) tube will help. If 
several shorter tubes are used, they 
need not be grounded or connected 
together. For economy's sake, several 
transmission lines can be placed inside 
a single tube. If this method is used 
and the tower is well grounded, the 
lightning will take the lowest imped- 
ance path - directly to the ground 
rods instead of through the ham 
shack! 

When connecting transmission lines 
to a piece of gear, especially when rack 
mounted, bring the cables vertically 
from the floor level. Connect a suitable 
outside ground (such as the one just 
suggested for towers) to each shield 
at the floor level and at the base of the 
cabinet. This prevents the lightning 
from climbing vertically into the 
equipment. 

lightning, static and RF 
While a direct hit is hard to prevent 

and even more difficult to divert en- 
tirely, these suggestions will at least 
limit damage and perhaps prevent it 
entirely. Other measures can also help. 

One of the best methods to protect 
equipment is to use a bandpass filter 

FEEOLINE  

TO S H A C K  

TOWER 

I 

i 
FEEDLINE  

TO SHACK 

SEE  NOTE 2 

TO S H A C K  

fig. 8. Typical methods for diverting 
lightning on transmission lines that are 
coming down a tower. "X" is typically 
1 to 2 feet (30 to 60 cml. Note 1: feedline 
wound to act like an RF choke (see text). 
Note 2: steel conduit (see text for size). 

- 
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Frequency J. I . L SX-400 *nth lmkHz:~~:~Hz Optton31 Cor~verlers 

A professionally created scanner for the serious listener 
Wide frequency coverage 26 to 520 MHz (with optional 
converters 100 kHz to 1400 MHz) 
Continuous coverage. You'll hear everything. 
Birdie.Free, no internal 'signals' to interfere with scanning 
20 Channel memory. AM-FM Mode memory. Priority memory 
Carrier Operated Relay (COR) permits automatic startlstop of 2 
recorder 
Four low-noise front end converters for optimum performance 
12 Volt DC operation (120 Volt AC power supply optional) 
Check JIL's ad in this issue for further details 

Sale Price 5549.95 List 5739.90 
P-1A Power Supply 534.95 
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Electronic Equipment Bank 
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CB-10 FM SPECIAL I 
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FM Detector Module 
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(as described above). This is sug- 
gested because lightning is primarily a 
low-frequency phenomenon - i.e., 
below 30 MHz. A high-pass or band- 
pass filter (see fig. 9A with a high at- 
tenuation at lower frequencies will sig- 
nificantly decrease the energy entering 
a receiver. Unfortunately, this may not 
always be possible for those operating 
on the HF bands! 

Likewise, keep all coupling capaci- 
tors at a minimum. A capacitance 
reactance of 2 to 5 ohms at the fre- 
quency of operation should be used. 
This would suggest the use of no more 
than 200 pF at 70 cm. When low noise 
transistors first became available for 70 
cm operation, many preamplifiers were 
accidentally destroyed when con- 
nected to automatic noise figure 
meters that used a gas tube noise gen- 
erator. This failure was caused by large 
coupling capacitors that responded to 
the low frequency transient emitted by 
the firing of the gas tube. When low 
value capacitors were used, the prob- 
lems diminished considerably. Fortu- 
nately, modern automatic noise figure 
generators use solid-state diodes that 
don't have this problem. 

The placing of a 5 to 10 kilohm resis- 
tor across your receiver inputs as 
shown in fig. 96 will also help, 
especially in elimination of s t a t i ~ . ~  It's 
standard practice in the C A N  industry 
to place 510,000-ohm resistors in shunt 
with drop cables (the ones that go to 
your home), presumably to bleed off 
any charge buildup. 

Another technique is the use of a 
shorted quarter-wave stub. A coaxial 
"T" connector is placed in the trans- 
mission line and the stub is connected 
and grounded as shown in fig. 9C. 
This stub is a high impedance at the 
frequency of use. Therefore it has low 
loss, but is a DC short for any static 
or lightning. 

physical handling 
We may do all of the foregoing 

without paying attention to some of 
the basics such as using extreme care 
in handling and connecting equip- 
ment. All power supplies should be 
measured for proper voltages and 

BAND PASS F I L T E R  
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fig. 9. Other preamplifier protection 
schemes. R1 is typically 10 kilohm 
resistor. 

should preferably be in operation when 
they are connected to the equipment. 
Some HF transceivers have external 
power supplies that put out high peak 
voltages when first turned on. Manu- 
facturers recommend that the power 
supply should be turned on before the 
transceiver; this procedure should be 
reversed when ceasing operation. It is 
also recommended that whenever you 
connect a power supply, the ground 
return should be connected first. If 
not, the return current may flow 
through any coax cables back to the 
power supply and induce a spike or 
spark into the amplifiers. Transmission 
lines sometimes store a charge. There- 
fore, always discharge both sides of 

any incoming trasnmission lines to 
chassis ground before connecting 
them to the input of a receiver. 

components 
Component abuse or overstressing 

is one of the biggest problems faced 
by Radio Amateurs. Many of the fail- 
ures I hear about are not induced by 
lightning or by RF, but rather by the 
user who is trying to milk the last bit 
of performance from a device. Solid 
state devices, especially those of the 
low-noise type, should never be oper- 
ated at voltages, currents, or power 
dissipation levels beyond the manufac- 
turer's specifications! The importance 
of using protective diodes and zener 
diodes as well as current limiting 
resistors, as discussed above, cannot 
be overstressed. Likewise, all resistors 
should be sufficiently derated in 
power. 

Capacitors, especially on a receiver 
input, should have adequate break- 
down voltages. I've noticed that the 
CATV industry uses 1000 volts or 
higher breakdown voltages on all their 
capacitors on the input and output cir- 
cuits. Surely they know something 
about lightning - they have thou- 
sands of miles of transmission lines all 
over the world! 

summary 
In this month's column, I have 

described many of the types of failure 
mechanisms that can plague an active 
VHFIUHF Amateur. They range from 
carelessness and unwise short-cuts to 
events beyond our control. This col- 
umn is not meant to alarm you; in fact, 
the opposite is true. If you understand 
the limitations of your equipment and 
the outside stresses and forces that 
can be placed upon them, you can 
take adequate protective measures 
using some or all of the techniques 
mentioned in this column. Taking 
short-cuts on grounding, filtering, 
and switching is "penny-wise and 
pound foolish." 

One final remark: some of the pro- 
tection devices described may be de- 
stroyed if you're unfortunate enough 
to suffer a failure or lightning strike. 
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IMPROVED DESIGN I 

-15-10 - 1  trap 4 9  11. - - - -  $ 4  
5 -10  --- 1 trap 26 i t . - - - - 1 4  
10 ----- 1 trap 13 r t .  ---- $4 

NEMAL ELECTRONICS INTL., INC. 
SEE US AT DAYTON BOOTH #I04 
y o u r  one stop coax supplier! 

r SATELLITE COllTROL 
5 TYPES AVAILABLE! 

~ l u l  1 nntd  CoDDa, Olaln W re  

cequkred cables lor 
most eann rtstlon 

718 ~nch loss 28 dB1100 fl @ 30 MHz 
2 54 dB1100 ft @ 1000 MHz $3 251ft 

RG214lU tlnned copper 
RG217lU double sh~eld 50R 518" OD 

I12 lnch loss 38 dB1100 f l  @ 30 MHz 
(FLCIZ-50J) 2 78 dB1100 fl @ 1000 MHz $1 59In LOW LOSS FOAM DIELECTRIC 
718 lnch loss 13 dB1100 ft @ 30 MHz RG 8X  MI^ 8) 95% sh~eld ($15 001100) or 17t/1t 

However, the cost of replacing these 
devices is usually far less than the cost 
of replacing the equipment they pro- 
tect! Remember, it's virtually impossi- 
ble to protect yourself from a direct 
lightning hit but it is possible to mini- 
mize the destruction. 

(FLC12 78J) @ MHz $3 921n 

COMPARE RG 213 1 25 dB1100 @ 30 MHz 
8 5 dB1100 @ 1000 MHz I 

HARDLINE CONNECTORS 
112 Inch alummum UHF MIF $19 00 Type N MIF $22 00 
718 Inch alumlnum UHF M/F $49 00 Type N MIF $49 00 
112 Inch copper UHF MIF $22 00 Type N MIF $22 00 
7/13 ~nch copper UHF MIF $49 00 Type N MIF $49 00 

ship mg 
CabL - $6 00 er 100 ft. 
Connectors - % 00 per order. 
Orders under $20 add $2 additlonai plus shipping. 
Charge card - orders over $30 only. 
COD add $2 00. Florida Residents add 5%. 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL, CABLEWAVE, COLUMBIA, KINGS 

BLONDER-TONGUE, TYTON, B&K 

COAXIAL CABLE SMATV PRODUCTS 
MULTICONOUCTOR CABLE COAX.SEAL 
CONNECTORS-ADAPTERS COMPUTER CABLE 
HAROLINE CRIMP TOOLS 
CABLE TIES FIELD STRENGTH METER 
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RG8U 80% sh~eld ($19 001100) or 22'111 
RG 8lU 97% sh~eld 11 gu (eq Belden 8214) 31g11t 
RG58U 80% sh~eld 07'1ft 
RG58U 95% sh~eld lO*/ft 
RG59lU 1 W h  loll shleld TV type IO'lft 
RG59lU 70% copper sh~e~d W/~I 
HEAVY DUTY ROTOR CABLE 2 16 ga 6 20 ga 36'111 
Rotor cable 2 18 ga 6 22 ga Poly burla1 Jkl 19'lft 
Complete llne of multtconductor cables available 

CONNECTORS MADE IN USA 
Amphenol PL 259 89e 
PL 259 and/or SO 239 65' ea or 10135 99 
Double Male Connector $1 79 
PL 258 Double Female Connector 98' 
PL 259 Sliver-Tellon K~ngs $1 59 ea 
Reducer UG 175 or 176 22' or 10/$2 00 
UG-255 (PL 259 to BNC) $2 95 
Elbow M359) UHF Elbow $1 79 
F59A (fV ly e) 24. or 101$2 00 
UG 21 DIU !ype N Male for RG8 Amphenol $3 00 
UG 88CIU BNC Male far RG-58. Arnphenol $1 25 
UG 273 BNC PL259 Amphenol $3 00 
3/16 ~nch M~ke Plug for Collins etc (cutoff) $1 25 
shipping 
Cable - $3 00 per 100 fl 
Connectors - add lo%, $3.00 minimum. 
Orders under $20 add $2 addltlonal plus shipplng. 
Charge card - orders over $30 only. 
COD add $2.00. Florlda Residents add 5%. important VHFIUHF events: 

12240 N.E. 14th Ave. IN STOCK 

No.Miami,FL33161 - ~ ~ ~ ~ f ~ ~ L ~ ~ $ ~ -  
Telephone: (305) 893-3924 fl 172 

June 1 : EME Perigee 
June 5: Predicted peak of the Arietids 

meteor shower / 1930 UTCl 
June 8-9: ARRL VHF QSO Party 
June 15: Predicted peak of the June 

L yrids meteor shower (040 
U TCl 

June 21 : 

June 29: 
June 29-30: 
July 20: 

July 20-21 : 
I July 25: 

July 27-29: 

July 28: 

- .  

Mean date for the two month 
annual peak of sporadic-E 
propagation 
EME Perigee 
SMIRK 6-meter Contest 
+ two weeks, look for 2-meter 
sporadic E openings 
CQ VHF WPX Contest 
EME Perigee 
Central States VHF Confer- 
ence, Tulsa, Oklahoma (Con- 
tact W0RRYI51 
Predicted peak of Delta 
Aquarids meteor shower (6300 
U TCl 

ham radio 
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I h by ALUMA 11 I 

I ALUMINUM cmn)l.up 

60 F t  Ilum. M*l I l l 0  
c ~ , ~ ~ . u ~  TELESCOPING (CRANK-UP1 
u.rd r.nnu 611YEO STAI.K.UP1 IF/ I , . . . - -i, . - - . . - - - - 

TILT-OVER MODELS rlri I 
Easy t o  install. Low P r l a .  ( I Crank-ups to I00 It .  ii ~ 

FXCELLENT FOR 

1 ' 
I and FIPPI ~ o w w \  made- 
soeclals deblorled and 

This publication is 
available in microform 

from University 

Plssoo send ~ n l ~ n n ~ l ~ o n  "hul lhesa I~l les:  

- .  

- ~ 

Name - 

~:~~mpanyllnst~lullon - 

Addrew -- p- .- - - 

Cli, - - -- 
Slslo - D p ~  - 

Phuntr I - - - 
1:aIl tu1l.ln.r B*1-521-:1MI In M~rhlu~n.  
Al,,da ant1 Il~ws,a 1.~11 ~ c ~ l l n . 1  11:1-761-4700, Or 
maul ttl<lutrv 118 L l r~ rv# . l r l l v  h l ~ ~ . m , l d m s  Ir~I~rnsllonsl. 
JWI Norlh 7~1eb HI>HII, Ann Arlxjr. MI 48106 

call US LAST! 

DESIGN EVOLUTION IN R F  P.A.'s 

We just might beat 
those other "unbeatable" deals 

Talk with everyone else. Then call us. 
We carry all the top names in amateur equipment. 

- 
.Linear (all mode) RF power amp with 

automat~c T/R switching (adjustable de- 
lay). Amplilier useable with drlve powers 
as low as ' I  watt. 
Receive preamp option, leaturing GaAs 
FETS (lowest noise ligure. better IMD) 
Device NF typically .5 dB. 

.Thermal shutdown protection incor- 
porated 
Remote control capability built-in 
Rugged components and construction 
provlde for superior product quality and 

Hours: TuesdavSalurdav, 10 am-6 pm. *HE 
Closed Mondays 

8001845-61 83 
8031366-71 571nside SC 

GISMO 
1039 Latham Drive 

performance 
1. Models w~th G suffix have GaAs FET pre 

A l l  models include a complete operating/  on-G suffix un~ts have no preamp. 
service manual and carry a factory war- 2. C O V ~ ~ S I U I I  amateur band. spec~hlio MHZ 
ranty on all components Bandwidth tor 420-450 MHz Amplifier. 
Designed to ICASratings, meets FCCpart 
97 regulat~ons *SEND FOR FURTHER INFORMATION* 

.Approximate size is 2.8 x 5.8 x 10.5" and 
we~ght 1s 5 lbs. 

Los Angeles. CA 90025 
Spec~I~cal~~n~/pnce subject lo change (213) 478-0591 J 

0508 
0508G 
OUo 

1 4 1 0 ~  
141 2 
1412G 

3210 
2210G 
7212 
22120 
4410 
4410G 
4412 
4 4 1 2 ~  

Rock HI11. SC 29730 

More Details? CHECK-OFF Page 126 June 1985 a 95 
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50.54 
50-54 

' 
144.148 
144.148 
144-148 
2 2 0 7 2 5  
220-225 
2:s0.:7:,5j 
220.225 
420-4513 
420-450 
4:30.4r,0 
4m.4'10 

IWI 

l i 0  
170 
I 7 O  

160 
1 h0 
IhO 
1.10 
130 
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IWI 
1 
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30 
30 
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10 
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- - 
6 15 - - 

l5 

6 15 
- - 
6 15 
- - 
7 12 
- - - 

7 12 , 
- - 

1 1  12 - - ~~ 
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Overall view of the coil winder set up to wind No. 30 enameled wire on 
aform approximately 0.8 inch IM mml x 0.43 inch I11 mml x 2 inches 
(51 mml long. About half of the winding length has been filled and the 
clothespin is clamped on the screw thread that causes the main shaft to 
traverse from left to right: the winding progresses from right to left. The 
mini-box at upper left is an SCR motor controller, and the two wood blocks 
at left are for later addition of a turns counter as explained in the text. 

wind your own transformers 
- inexpensively 

Novel approach 
produces high quality, 
low-cost replacements 

I've seen many excellent articles on rewinding 
transformers in the home workshop. Valuable infor- 
mation for calculating the number of turns per volt 
relating to core size, insulation, varnish dipping, and 
space available was included, but in each of these arti- 
cles it always seemed that in order to complete the 
project, it was necessary to somehow hold the coil in 
one hand and the wire in the other and just wind away. 
Many authors noted, of course, that the methods were 
really not suited to coils with a large number of turns 
of small wire, but were ideal for the larger sizes of wire, 
such as might be found powering the lower voltage 
transistor circuits popular in recent years. 

This article describes a home-brew coil winding 
machine that will wind wire uniformly and neatly. It 
can be built from readily available, inexpensive parts. 
Most of the parts can be found right at home; the rest 
are available at reasonable prices. The only equipment 
necessary is a small drill press, a table saw, and the 

usual hand tools found around the hamshack. A 3 to 
4 inch-circle cutter attachment for the drill press will 
save a lot of time. 

background 
Several years ago, when I experimented briefly with 

Amateur Television, I acquired a 12-year-old television 
camera with a bad power transformer. At  first I 
thought it would be a simple matter to order a replace- 
ment transformer, but my enthusiasm faded when the 
manufacturer told me they'd stopped stocking parts 
years ago. My interest diminished even more when I 
learned that a professionally rebuilt replacement that 
would fit in the available space and meet the electrical 
requirements would cost $200.00. 

My conscience wouldn't allow me to junk a perfectly 
good TV camera, and there was no way I'd spend 
more for a transformer than I'd invested in the whole 
camera. For years I'd toyed with the idea of a home- 
brewed coil winder; it seemed its time had finally 
come. 

how it works 

I Small transformers are wound on a fairly com- 
plicated piece of machinery that rotates the form, or 

By C.F. Hooper, W4GDW, 1457 Young Avenue, 
Clearwater, Florida 33516 1 
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I T H R E A D '  

T A P  NO 4 - 4 0  

F I L E  F L A T  FOR S E T  ( M A N D R E L  M O U N T I N G  

I 

( Z O O m m l  I 

C--- - -  -- 1 . 0  ------ 
138 l c m l  --A 

M A T E R I A L  0  2 5  16 35mrnl D l A  S T E E L  ROO DO N O T  S C A L E  

C E N T E R  W I N D I N G  

S P A C E  H O L E  

C L O S E  W I N D  C L O S E  W I N D  

R I G H T  H A N D  

W I N D I N G  D E T A I L  

fig. 1. Dimensions of main shaft of coil winder. 

mandrel, on which the wire is being wound. While the 
form makes one revolution, the feed guide moves the 
same distance as the diameter of the wire (plus 
perhaps a fraction of that distance for clearance). Such 
a winding lathe has a large selection of gears available 
so that the lead screw is turned at just the right rate 
to accomplish this motion. A transformer winding 
machine costs thousands of dollars - and the average 
ham obviously doesn't wind coils often enough to 
justify that expense. 

I t  would be fairly easy for an Amateur to assemble 
a device that would merely rotate the coil form, but 
the mechanism necessary to move the wire guide at 
precisely the proper rate - unless you already have 
a lathe with many gears - gets much too complicated 
for a homebrew project. 

In searching for ways to solve the problem inexpen- 
sively, it occurred to me that the shaft on which the 
coil form was mounted could do the lengthwise 
moving, while the wire feed point remained stationan/. 

As I began to think about having lead screws made 
for each size of wire and the many other details, I 
realized I could use the wire itself for the lead screw! 
Normally you'd have a little bit of the size wire you 
were going to wind left over. So why not form the 
lead screw threads right on the shaft by simply winding 
on a single layer of wire for each direction of feed, 
securing it in place if necessary? It's fairly easy to close 
wind on a round rod, even with small wire; besides, 
you do it only once for each size of wire you're going 
to wind. 

The shaft is made to move lengthwise while rotating 
by mounting a pair of pads of resilient material on 
strips of metal fastened to the bearing posts, close to 
the shaft but not touching, on either side. When 
feeding is desired, a clothespin is used to clip over the 
pads to bring them in contact with the "threads." 
There are two sets of these pads, one for each direc- 
tion of feed, so when ready to reverse wire feed, you 
simply stop the rotation and move the clothespin to 
the other pair of pressure pads, insert and wrap the 
paper insulation layer over the layer just wound 
(securing it temporarily with masking tape if needed), 
and then restart winding with feed in the other direc- 
tion. I designed my winder around 0.25-inch (6.35 mm) 
steel rod, and to accommodate an actual winding 
length of 1.8 inch (46 mm), which means that a 2-inch 
(51 mm) long winding form can be handled with a little 
space at each end. I wanted to have a winding shaft 
for each wire size to be used to save for use again with 
that particular size. This means, of course, that when 
you've finished winding one wire size, you remove the 
drive pulley and the winding form, mount them on 
another rod made up for the next wire size, and re- 
install the unit into the bearings. The "bearings" are 
simply wood posts with a slot sawed into the top in 
which the winding shaft lies, leaving i t  free to slide 
lengthwise as well as to rotate. 

The shaft is powered by an old sewing machine 
motor (complete with pulley, if possible) made to be 
variable in speed by the inclusion of an SCR speed 
controller built from a diagram in the General Electric 
Company SCR manual.' Similar circuits can be found 
in the handbooks: a plain old Variac - or even the 
foot control from the sewing motor - would do. 

construction 
Main shaft. The main winding shaft is made from 
0.25-inch (6.35 mm) steel rod, with a flat filed on one 
end for the drive pulley set screw, three small holes 
for securing the "thread" winding, and a tapped hole 
for attaching the coil form and mandrel. (When buying 
the rod, be sure to select the straightest and smoothest 
you can find; its dimensions are shown in fig. 1.) I t  
seems wise to postpone placing the winding on the 
shaft until the winder is complete enough to be used 
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N Y L O N  B E A R I N G  

BOTH E N D S  

( S E E  T E X T 1  

L 8.19' 

l 2 O . B c m l  

1" 0  7 5 "  

-1Zdmmr 119mmJ 

l 7 l m m l  

CEN T E R E D  

S H A F T  C 

1 

rl 14 7  5mmJ 

I 

NOT TO S C A L E  

T H R E A D  FOLLOWER MOUNT AS SHOWN W I T H  

2  N 0 . 2 ~  1 / 4 " 1 6 . 3 5 m m J  WOOD S C R E W S  4  P L A C E S  

WOOD SCREW M O U N T I N G  

H O L E S  A S  N E E D E D  M A T E R I A L  - WODD 

fig. 2. Bearing block details. 

D  0 9 J " I Z  4 m m l  D l 4  

H O L E .  2  P L A C E S  

0  5 "  

I12  7 m m l  

2  6 2 "  

P A D - 0  5 " 1 1 2  7  mmJ x 0  2 5 " 1 6  4 m m l  

F I B R O U S  G A S K E T  M A T E R I A L  

C E M E N T  IN P L A C E  AS SHOWN 

B E N D  AS N E E D E D  

4  R E O U I R E O  
( S E E  T E X T )  

M A T E R I A L  0  5"112 7 m m J  WIDE 

S T E E L  B A N D I N G  TAPE 
OR E O U I V A L E N T  

fig. 3. Thread follower details. 

so that the motor can rotate the shaft for you. For the 
finer sizes - perhaps No. 30 and smaller - the wire 
can be cemented to the shaft to avoid an accident 
during winding. After cleaning with alcohol, I used a 
verythin coat of epoxy cement (not the "quick setting" 
type) applied to the winding space before winding on 
the wire. After winding, I carefully removed the ex- 
cess from the outside of the winding with a cotton ball 
and denatured alcohol. The outside surface of the wire 

should be clean enough so that the follower pads can 
"feel" the individual turns. 

Bearing and thread follower support. Dimensions 
for this part are shown in fig. 2. The bearings were 
constructedfrom a piece of ordinary 314-inch (1.90 cm) 
thick board. Note that the slots that form the bear- 
ings are slightly larger than needed to accept the main 
shaft rod; this is to permit lining the slot with several 
thicknesses of nylon fabric as needed to act as a low 
friction bearing. The shaft should not bind or be loose 
and wobbly, but should turn freely as well as slide 
lengthwise freely. 

Screw thread follower. This part is made from or- 
dinary 112-inch (13 mm) wide steel banding, such as 
used for strapping crates. If steel strapping isn't availa- 
ble, pieces can be cut from a tin can. Four pieces are 
mounted on the bearing posts so that they contact 
the wire "screw thread" when the clothespin is clipped 
over them. These are detailed in fig. 3, and the photo 
of the entire winder shows, them clearly. The pads 
cemented to the pieces are important; they should be 
made from a resilient material that will "sink into" the 
grooves between the "screw thread" wires when 
pressed against them. I used automobile gasket 
material - the kind used for mounting water pumps 
and such. The note "bend as needed" in fig. 3 means 
that after installing, a bit of judicious bending is in 
order so that no contact is made until the clothespin 
is clamped on. When it is, it should contact as many 
turns of the "threadnas possible. 

Drive pulley. I fabricated this part by cutting two 
discs from 5/8 inch 115.9 mm) particle board using the 
circle cutter in the drill press, truing them up by 
mounting them on a 0.25-inch bolt in the drill press, 
as if it were a lathe. I turned the cutting bit in the circle 
cutter so the disc being cut had straight sides, not the 
hole. (In the absence of a circle cutter, a sabre saw 
would probably do the job if, after cutting, you then 
mount the discs in the drill press and straighten up 
their sides with a sanding block - they should run as 
true as possible. I slipped the two pieces on a rod (for 
alignment), spaced for the width of the drive pulley, 
and, using epoxy, then cemented the thin aluminum 
around them to form a drum, using several rubber 
bands to hold them until the epoxy set. Then the 
flanges were cemented onto the ends of the pulley. 
(Incidentally, if a circle cutter is used in the drill press, 
clamp the work piece down securely and be sure to 
follow all the safety rules.) 

Both the drum surface and the end flanges were cut 
from discarded aluminum offset printing plates. Al- 
though only between 0.010 inch (0.25 mm) and 0.012 
inch (0.30 mrn) thick, this metal works nicely. It should 
be available inexpensively from print shops or news- 
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FOR S E T  SCREW 

DRILL  0  187 f4 .7mml  DlA. 

AND TAP 1/4 - 2 0  

2.5 x 11.5 inch (6.35 x 29.2 cmj of 0.010 to 0.012 inch 
(0.25 to 0.3 mm) thick aluminum sheet (used printing 
plate). Position end disks on 0.25 inch (6.3 mm) rod for 
alignment. Wrap around end disks, cemented with 
epoxy (including overlap). Secure with sufficient rubber 
bands until set. Align carefully so aluminum sheet does 
not overhang disks. 

End disks (2 needed): Make from particle board orply- 
wood, 0.6 to 0.75 inch (15 to 19 mm) thick. Diameter: 
3.5 inch (89 mm) with 0.25 inch (6.35 mm) hole in 
center. 

2 holes all the way through, 0.125 inch (3.2 mm) 
diameter. Insert 2.5 inch (6.35 mm) long x 0.125 inch 
(3.2 mmj OD brass tubing and cement (for later addi- 
tion of a turns counter). Drill these after assembly is 
complete. 

2 flanges needed, 3.87-inch (98 mm) diameter with 0.25 
inch (6.35 mmj hole in center. Make from aluminum 
sheet or thin, stiff cardboard. Cement to end disks. 

fig. 4. Dimensions for drum parts and fabrication. 

papers. Since the drive belt should never reach the 
edge of the pulley, the flanges aren't really necessary, 
but they look nice. 

The hole for the set screw that secures the pulley 
on the shaft is tapped edgewise in the particle board 
(1  /4-20), and so far the threads haven't stripped out. 
As an additional feature, I installed two pieces of 118 
inch (3.27 mm) OD brass tubing (cut from discarded 
ball point pen refills) opposite each other on about 0.5 
inch (12.7 mm) diameter and lengthwise through the 
pulley (avoid the set screw!). This was to provide the 
addition of a counter with a couple of stiff wires taped 
to its shaft that could be inserted inside these holes 
and slide freely as the shaft moved back and forth. 
Dimensions for the drum parts and fabrication are 

A .  B TO MATCH CORE 

DIMENSIONS (ALLOW 

C L E A R A N C E )  

13 m mlD1* 

8 ,  
8 ,  I 

A \ -  

O . I B 7 1 4 . 7 n m I  DIA. 

T H R U  HOLE. DRILL  
2 . 7 5 "  BEFORE SAWING 

S L o r s .  

Select stiff, straight wires at least 5.5 inches (14 cm) 
long and smaN enough to slide freely in the brass tubing 
lined holes through the drive pulley (old bike spokes). 

Position counter so that ends of counter drive wires are 
about 0.125 inch (3.2 mmj from nearest side of bearing 
block. 

Build up counter shaft with tape. Place wires on oppo- 
site side and tape wires in place so their centers are 0.5 
inch (12.7 mm) apart. 

Make counter support block so that center of counter 
shaft is at same height as center of winding shaft and 
aligned with it. Block should be removable to enable 
changing rod. 

fig. 5. Coil Mandrel. 

shown in fig. 4. If one should want to add a counter 
as mentioned above, a sketch showing how I did it 
is shown in fig. 5. 

Base and layout. I used a piece of 112 inch (12.7 mm) 
plywood, thickened to 1 inch (25.4 mm) around the 
edges, measuring approximately 26 x 10 inches 
(66 x 25 cm), as a base for the entire coil winder. Any 
convenient layout is satisfactory. I mounted the shaft 
bearing against an additional piece of wood the same 
length, using small nails and glue, providing a "lip" 
that could be mounted from the top side. Otherwise, 
mounting with wood screws up from the bottom side 
of the base into the bottom edge of the bearing should 
do the job. The drive belt won't be specified, but many 
are available that will work. The motor should be posi- 
tioned so that the belt is just tight enough to run with- 
out slipping. Too tight a belt will cause obvious prob- 
lems. A sewing machine shop would be the best place 
to look for a suitable drive belt; other sources might 
include jewelers or other craftsmen who could supply 
the belting used to run smaller lathes. This type of 
belting comes in a continuous length. A suitable piece 
is cut and the ends are joined together by heating. 

The direction of rotation should be considered. In 
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John J Meshna Jr. Inc. - - , 
P. 0. Box 62 19 Allerton St. E. Lynn, Ma. 01 904 Tel: (61 7 )  595-2275 

Dual 8" F. D. D. Case by SMS wl PO WER ONE Power Supply & Cooling Fans 
We were very fortunate to find these beautifully designed & constructed rack 
mount disc drive cases in the surplus field. These cases were made for Scienti- 
fic Micro Systems for their FT Series o f  equipment. They are manufactured 
from heavy guage steel w/ a cast metal designer bezel. They were designed to 
house 2 8" floppy or hard drives. We offer you the case with the following 
components & features: hinged cover with restraining cable for simplified ser- 
vicing of the interior components, 2 muffin fans for assured cool operation, 
studs for mounting the controller card listed below, and a heavy duty Power 
One power supply (their model no. CP 281A). The outputs o f  the power sup 
ply are as follows: +5 vdc 11 amps, +24 vdc 3.5 amps, +12 vdc .25 amps, -1 2 
vdc .25 amps, & -5 vdc .25 amps. The input to  the power supply is 11 51230 
vac 50160 Hz. and is both filtered and fused. This assembly must have origin- 
ally sold for well over $300.00 each ! Only 25 on hand, so order early or be 
left out on this super bargain ! Shpg. wt. 38 lb. SPL4 79-35 $1 35.00 each 

Scientific Micro Systems IBM 3740 Compatible 8" FDD Controller Card 

The SMS FD 0502 8" floppy disc drive controller is a complete preprogram- 
med controller for single or double density recording on either single or dual 
headed disc drives. I t  performs control functions required to transfer data be- -r - .- 
tween I to 4 drives and a host system, perfmns all formatting functions re  
quired to read and write data and utilizes both IBM single and double density 
standards to achieve u p  to 630 Kilobytes of storage per disc surface. Some 
features are: programmable sector size, 128, 256, 512, or 1024 bytes, jumper 
selectable drive type, block transfer mode, sector buffer, overlapped head seek. 
on board General Purpose Host Interface with asynchror~ous 19 TTL signal 
lines for eight bit host system and input o f  only 5 vdc 6 amps. This board pro- 
vides a direct interface to the following drives: Shugart 800 -21850, Pertec Y 

51 1, Memorex 5501552. MFE 751B. Qume Data Trak and similiar drives. These " ; $-@agfl&.;- y-' 
boards were removed from the above cabinets whicl~ were in service prior to our ,' - . r . L T -$nn . 
reception o f  them. The manufacturers price on these I B M  compatible boards is : 

i ,il;DI. currently $900.00 each. These boards all appear to be in excellent condition. I f  ; . . A , .  ~ a -. . -, u s  ?Q'&A 
more information is needed please call us. Shpg. wt. 3 Ib. SPL 480 $1 50.00 * * 

SEAGATE TECHNOLOGY ST 506 5%" HARD DRIVES 
The Seagate Technoloqy ST 506 hard disc drive utilizes proven Winchester teacnology for 
reliable storage of  up to 5 megabytes o f  formatted data. Some features o f  this very popu- 
lar drive are: 5 megabithecond 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 paramters as a mini floppy drive. This Shugart coinpatible 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. 
S h ~ g .  wt. 8 lb. ST-506 $225.00 

5 %" HARD DRIVE CONTROLLER CARD 
Finally, affordable, intelligent disc drive controllers are available at low, low surplus prices. The 
OMTI 20C controller boards we offer are unused, late style, surplus from a now defunct system 
house. OMTI is a division of  Scientific Micro Systems. These boards will handle up to (2) 5% 
inch Winchester type hard drives that utilize a standard 34 pin SASl interface. Perfect for using 
with the above Seagate ST 506 drive, or other hard drives from 5 megabytes o f  storage on up. 
The controllers have buffered sledseek modes, overlapped seeks, auto seek & verify, extensive 
fault detection, auto head & cylinder switching, full sector buffering, 2561512 byteslsector, 33 
or 18 sectorsltrack (jumper selectable), programmable disc parameters and much more. The 
board runs on +5 vdc & +12 vdc.. We supply users manual & pinout data. Guaranteed 0. K.. 
Shpg. wt. 3 lb. OMTI 20 C $1 50.00 each 2/$275.00 Qty. pricing available. 

5 VDC 25 AMP SWITCHING POWER SUPPLY 

We fist got in a small lot of ~ g g e d l y  built, lightweight (4 lb.), compact 
( 1  1 " x  5" x 1 %"), fully enclosed (cover removed for pic.), regulated, 

, switching, power supplies made by RO Industries. Input of 11 51230 vac 
' , is attached thru convenient, clearly marked screw terminals. The hefty 

5 vdc 25 amp output is via heavy duty, brass lugs with a Red LED sta 
hrs indicator. A11 appear to be unused and in excellent condition. 
Shpg. wt. 6 lb. PS-8 $50.00 

--. 
Phone (61 7) 595-2275 to place your order by phone. 

Free 72 page c a t a l w e  available or send $1.00 for  1st MC, VISA or American Express charge cards accepted. YO.- 
class service t o  P. 0. Box 62 E. Lynn, Ma. 01 904. 
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fig. 6. Method of coupling counter to winding shaft while 
still retaining freedom of lateral shaft movement. 

my opinion the top of the shaft should be moving away 
from you when you stand in front of the winder; this 
facilitates inserting insulation papers and observing the 
wire as it winds on. 

Wire tension and feeding. In keeping with the idea 
of building something for practically nothing, the 
winding wire is fed onto the coil over a block of wood 
(see lower right in photo of completed unit) between 
two pieces of felt clamped in place by a short strip of 
metal held in position by small wooden screws. Glue 
one piece of felt to the piece of metal and one to the 
top of the wood block, and adjust wire tension by 
tightening or loosening the screws. Tension should be 
maintained as uniformly as possible all during the 
winding of a coil; too much tends to "crunch up" the 
layers already wound underneath, and too little leaves 
the wire already wound free to  move around or slip 
out of position. A much more elaborate wire ten- 
sioning system would be preferred, but this method 
will hold the wire in position accurately enough for 
now. Feeding the wire off the end of the supply spool 
helps to avoid any additional drag. 

Winding mandrel o r  form. I made this of wood cut 
to match the core size of the transformer, and with 
a hole diameter in one end to fit on the winding shaft, 
and in the other to accept a No. 10 screw (push in), 
and with saw cuts so that when the screw is removed, 
the mandrel shrinks a little to allow coil removal. To 
be safe, I included some paper shims - when the coil 
is finished, it's too late to discover that it won't go over 
the core! (See fig. 6 for details.) 

General. Once this winder is in operation, it will 
become apparent that the lateral position of the shaft 
is rather delicate, so be careful to see that nothing gets 
in its way while winding. Once a set-up was made. 
I tested it by having the shaft run back and forth 
several times under power and with the follower pads 
clamped on just to make sure everything was in order 
before actually starting the winding. This also helps 

the follower pads to match the shape of the wire screw 
thread. 

A thin coat of lubricant such as petroleum jelly on 
the screw thread winding is suggested. 

One more precaution should be mentioned. Since 
not all enameled wire of a given copper size has the 
same thickness of enamel on it, the best course to 
follow is to use wire from the same spool for both the 
screw thread winding and the coil, if not, make sure 
the wire for the thread is not smaller in overall diameter 
than that used for the wire to be wound. 

I was able to wind over 2300 turns of No. 42 enam- 
eled wire on a coil without any problems, and found 
that it could be run at over 200 RPM as long as the 
speed was brought up gradually. (In case you're 
wondering, I was able to rewind the power transformer 
for the TV camera - and it's still working!) 

This design could easily be adapted to provide for 
greater winding lengths than the 1.8 inch (46 mm) I 
have provided for. Just remember to increase the 
space between the bearing posts and the overall length 
of the shaft rod to allow for the extra lateral move- 
ment needed. 

references 
1. SCR Manual. 4th Edition, General Electrlc Company. page 210. 
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SATELLITE TELEVISION RECEIVER 
SEMlKlT 

-8=.-x- - 

* - .  _ _ - A  -1 I _  - 
w ~ t h  dual conversion downconverter 

FEATURES: 
Infrared remote control tuning 
AFC. SAW filter 
RF or vldeo output 
Stereo output 
Polorator controls 
LED channel 81 tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $300.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 N~ckel. San Pablo. CA 94806 r, 178 Tel 415-724-0587 
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FOR 
Garth Stonehocker, K0RYW 

sporadic-E propagation 
During the summer months, the 

sun, almost directly overhead, pro- 
duces more ions in the lower iono- 
sphere than it does in winter. These 
ions support short-skip propagation 
- even multiple short-skips. The 
geomagnetic field clusters and forces 
these overly abundant ions into cloud- 
like patches known as sporadic-E (E,). 
These patches, which form in a thin- 
dense layer about 60 miles (100 km) 
above the earth, give rise to strong, 
mirror-like signal reflections over short- 
skip distances of 600 to 1200 miles 
( 1000 to 2000 km 1. 

Because E, is related to the summer 
sun, the best locations for working 
these E, openings are in the Northern 
Hemisphere from June through Sep- 

ECAST 

tember and in the Southern Hemi- 
sphere during its summer, December 
through March. In each hemisphere 
the best E, is found on either side of 
the geomagnetic equator; it's espe- 
cially good where the geomagnetic 
equator is farthest from the geographic 
equator, giving greater distance and 
force for formation. These special 
areas are South-east Asia in the 
Northern Hemisphere and South 
America in the Southern Hemisphere, 
with the former the better of the two. 
This is because the sun's maximum 
level of ion production occurs in the D 
and E layers (37 to 62 miles, or 60 to 
100 km) above the earth at 23 degrees 
latitude, directly under the sun. As 
the ionization travels (in movement 
known as diffusion or drift from this 
maximum to less dense areas, E, is 

bunched by field-strength variations. 
When ions move, they can move only 
parallel to the geomagnetic field lines, 
not perpendicular to them. (See cross- 
section views of the earth's magnetic 
field lines in fig. 1, particularly those 
lines connecting the northern and 
southern hemispheres.) Figure 2' 
shows the movement of E, patches 
across the United States. The E, 
patches are the variation (bunching) of 
ions caused by changes in the geo- 
magnetic field strength modulating 
and forcing the ions in their north- 
south movement. In these two special 
areas of maximum separation between 
equators, the modulating force and the 
distance over which to bunch are 
greatest, so more E, patches are 
formed. 

last-minute forecast 
DX conditions for the higher fre- 

quency bands, 10 through 30 meters, 
are expected to be very good during 
the first and last weeks of the month 
when the solar flux could be high. 
(Verify this daily by checking WWV at 
18 minutes after each hour.) During 
the middle weeks of the month, the 
lower frequency bands should engage 
interest for some short skip daytime 
and DX at night. Geomagnetic distur- 
bances are expected on June 6th and 
16th. The moon will be full on the 3rd, 
and closest approach (perigee) will 

C TO r H E  SUN V I E W  FROM SUN 

fig. 1. The earth's magnetic dipole field, depicted relative to the size of the earth, shows that ions can move only north or south 
along field lines, not east or west across them. Consider, for example, the movement of E, patches across the U.S. as shown in 
figure 2.' 
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JUST SLIGHTLY AHEAD! - 4 MEMORYS - 3 WAY AUTO SCAN. 
DUAL VFO. IF SHIFT. CW-W. 400 Hz. 
CW.-N 2M) Hz. ALL 9 BANDS PLUS 
MARS. BUILT IN AClDC POWER SSB 
CW OR RTTY 1.F TUNE 3-STEP 
TUNING SPEED. 200 WATT PEP. 
MICROPHONE IMPEDANCE 6M)-50K 
OHM HAND MIC, INCLUDED 

WlTH THE QUALITY YOU HAVE ALWAYS LOOKED FOR! 
40.15 AND6 METERS ARE YOUR BASE A GREAT ORP RIG WITH THE BIG RIG 
STATION OR MOBILE WITH AClDC SIGNAL. 2 WATTS OR 10 WATTS OUT. 
BUILT IN POWER SUPPLY CW-N 200 BUILT IN CW SIDE TONE. DIGITAL 
Hz OR USE 2 SO239 ANTENNA CON- DISPLAY. HAND MIC TOP MOUNTED 
NECTORS. HAND MIC BUILT IN TVI SPEAKER MOBILE BRACKET, RIT OR 
FILTER LITTLE TO N O  TV INTER- FINE TUNE TXBRX :4KHz, 21 TO 
FERENCE. 20 WATTS PEP. MARS ON 21 450 MHz SIGNAL TO NOISE MORE 
40 AND G ~ E T E R S  THAN l W B  DOWN 

SPECIAL SPECIAL SPECIAL 
W DAY WARRANTY ON ALL TRANSCEIVERS - DIRECT FROM NCG OR YOUR DEALER 

WE HAVE 1 2 GHz BASElREPEATER 8 MOBILE ANTENNAS 
NOTE: PRICES AND SPECIFICATIONS SUWECT TO 

1275 N. Grove Street. Anahelm. CA 92800 (714) 630-4541 fl 179 CHANGE WITHOUT NOTICE OR OBLIGATION 

t =' 
CALLBOOKS NOW INCLUDE A FREE MAP \\a\ - >  I 

VALUE $2.50 each \ \  . \ \  -- x , H -:--#-"I &- _ -  

NORTH AMERICAN CALLBOOK FOREIGN CALLBOOK 
Includes free map ol North Amer~ca Includt~s Irw World Wlde Prellx map 
Tlie New North Arner~can Callbook now contams Canad~an The only source of DX calls and addresses ava~lable Fully 

updated and has helpful OSL ~nformatlon * 1984 and Mexlcan as well as all US Rad~o Amateurs Fully up 
daled w~th all the latest calls~gns and addresses Ed~ted lo [ I C B - F ~ ~  Softbo~fld $24 
ensure accuracy Includes handy slatlon alds 19tM 
I ICE-US85 Softbound $25 

1520 95 + S? 05 s (L hl 

($21 95 + bl 115 S 6 hl 

Order Both and SAVE even more - Regular Price $45 
HAM RADIO SPECIAL $39.95 POSTPAID 

ham 
r i d i ~ - = ~ ~  
GREENVILLE, NH 03048 

BOOKSTORE ',lM J 
(603) 878-1 441 
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fig. 2. Clouds producing sporadic-E propagation generally travel from southeast to northwest 
at approximately 180 miles 1280 km) per hour, moving in e relatively straight line. 

occur on the 1st and 29th. Summer bands. There may be some long one- 
solstice is on the 21st at 1044 UTC. hop transequatorial propagation. 
The Aquarid meteor shower starts 

Thirty and forty meters are both day- 
the 18th, peaks about the 28th, 

time and nighttime bands. Intermedi- 
and lasts until about August 7. The 
maximum radio-echo rate will be 34 ate distance operation (1000 to 1500 

miles, 1600 to 2400 kml, in any direc- 
per hour. 

tion is considered daytime DX. Night- 

band-by-band summary 
time DX on these two bands may be 
expected to occur over greater dis- 

Six meters will provide occasional tances than on 80 meters and, like 80, 
openings to South Africa and South will follow the darkness path across 
America around noontime by short- the sky. Signal strength and distances 
skip Es. .covered are reduced on days of high 

solar flux values. In addition, no 
Ten meters will provide long-skip con- 30-meter openings will take place dur- 
ditions in the afternoon during the 

ing the pre-dawn hours on the morn- 
peak times of the 27-day solar cycle. ing after these high radio flux values. 
Otherwise, look to s~oradic-E short- 
skip and multihop openings around Eighty and one-sixty meters will exhibit 
local noon for DX on these bands. short-skip conditions during daylight 
(Transequatorial evening openings do hours and lengthen for OX near dark. 
not usually occur in the summertime. l Eighty meters will open to the east just 

Fifteen and twenty meters, almost 
always open to some part of the world, 
will be the main daytime DX bands. 
Twenty meters will stay open on long 
southern paths into the night, though 
15 will drop out in the late afternoon. 
Operate on 15 first, then move down 
to 20 meters later. DX is 5000 to 7000 

before your sunset swing more to the 
south as midnight approaches, and 
end up in the Pacific areas during the 
hour or so before dawn. (One-sixty 
opens later and ends earlier.) 

references 
1. Joe Reisen, WIJR, "The VHFIUHF Primer: An 
Introduction to Propagat~on," ham rad~o. July, 1984, 
page 14. 

FRESH STOCK 
TESTED - FULLY GUARANTEED 

2-30MHz 12V (' =28V) 
PIN Ratrng Ea Malch PI 

MRF406 20W $14.50 $32.00 
MRF412 BOW 18.00 40.00 
MRF412A 80W 18.00 40.00 
MRF421 lOOW 25.00 54.00 
MRF421C 110W 27.00 58.00 
MRF422' 1 SOW 38.00 82.00 
MRF426' 25W 17.00 40.00 
MRF426A' 25W 17.00 40.00 
MRF433 13W 14.50 32.00 
MRF435' 150W 42.00 90.00 
MRF449 30W 12.00 27.00 
MRF449A 30W 11.00 25.00 
MRF450 50W 12.00 27.00 
MRF450A SOW 12.00 27.00 
MRF453 60W 15.00 33.00 
MRF453A 60W 15.00 33.00 
MRF454 BOW 16.00 35.00 
MRF454A 80W 16.00 35.00 
MRF455 60W 12.00 27.00 
MRF455A 60W 12.00 27.00 
MRF458 80W 18.00 40.00 
MRF460 60W 16.50 36.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.50 8.00 
MRF477 40W 13.00 29.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 90W 18.00 39.00 
SRF2072 75W 15.00 33.00 
CD2545 50W 24.00 55.00 

Selected Htgh Gatn Matched Ouads Available 

VHF TRANSISTORS 

MRF627 0.5W 9.00 - 
MRF641 15W 18.00 - 
MRF644 25W 23.00 - 
MRF646 40W 24.00 59.00 
MRF648 60W 29.50 69.00 
501416 BOW 29.50 - 
SD1477 125W 37.00 - 
2N4427 1W 1.25 - 
2N5945 4W 10.00 - 
2N5946 1OW 12.00 - 
2N608O 4W 6.00 - 
2N6081 15W 7.00 - 
2N6082 25W 9.00 - 
2N6083 30W 9.50 - 
2N6084 40W 12.00 29.00 

TMOS FET 
MRF137 30W $22.50 - 
MRF138 30W 35.00 - 
MRF140 1 SOW 92.00 - 
MRF1 SO 15OW 80.00 - 
MRF172 80W 65.00 - 
MRF174 125W 88.00 

Techn~cat Ass~stance & cross-reference 
information on CD. P T ,  RF. SRF. SD PINS 
Call Eng~neertng Depl (6 19) 744 -0 728 

RF Parts Catalog Ava~lable 
OEM & Ouant~ty D~scounts 

Mlnimum Order $20 Add $3 50 Sh~pp~ng 
WE SHIP SAME DAY C.O.D.IVISAIMC 

ORDERS ONLY: 800-854-1 927 1 
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TYPE PRICE TvpE - PRICE 

TUBES 
-- TYPE 

-- 
PRICE -- -- 

2C3917289 $ 34.00 118214600A $500.00 ML7815AL $ 60.00 
2E26 7.95 4600A 500.00 7843 107.00 
2K28 200.00 4624 310.00 7854 130.00 
3- 5002 102.00 4657 84.00 ML7855KAL 125.00 
3- 1000218164 400.00 4662 100.00 7984 14.95 
38281866A 9.50 4665 500.00 8072 84.00 
3CX4OOU718961 255.00 4687 P.O.R. 8106 5.00 
3CX1000A7/8283 526.00 5675 42.00 8117A 225.00 
3CX3OOOF1/8239 567.00 572 1 250.00 8121 110.00 
3CW30000H7 1700.00 5768 125.00 8122 110.00 
3X2500A3 473.00 5819 119.00 8134 470.00 
3X3000F1 567.00 5836 232.50 8156 12.00 
4-65AIU165 69.00 5837 232.50 8233 60.00 
4-125A14D21 79.00 5861 140.00 8236 35.00 
4-250A15D22 98.00 5867A 185.00 8295/PL172 500.00 
4-400Al8438 98.00 5868lAX9902 270.00 8458 35.00 
4-400617527 110.00 5876lA 42.00 8462 130.00 
4-4OOC.16775 110.00 588116L6 8.00 8505A 95.00 
4-1000Al8166 444.00 5893 60.00 8533W 136.00 
4CX250B/7203 54.00 5894/A 54.00 8560lA 75.00 
4CX250FGl8621 75.00 5894818737 54.00 8560AS 100.00 
4CX250K/8245 125.00 5946 395.00 8608 38.00 
4CX250R/7580W 90.00 6083/AZ9909 95.00 8624 100.00 
4CX300A/8167 170.00 614616146A 8.50 8637 70.00 
4CX350Al8321 110.00 6146818298 10.50 8643 83.00 
4CX35OF/8322 115.00 6146W/7212 17.95 8647 168.00 
4CX350FJ/8904 140.00 6156 110.00 8683 95.00 
4CX6OOJl8809 835.00 6159 13.85 8877 465.00 
4CX1000Al8168 242.50* 6159B 23.50 8908 13.00 
4CX1000A/8168 485.00 6161 325.00 8950 13.00 
4CX1500B/8660 555.00 6280 42.50 8930 137.00 
4CX5000Al8170 1100.00 6291 180.00 6L6 Metal  25.00 
4CX100000/8171 1255.00 6293 24.00 6L6GC 5.03 
4CX15000Al8281 1500.00 6326 P.O.R. 6CA7lEL34 5.38 
4CW8OOF 710.00 6360lA 5.75 6CL6 3.50 
4032 240.00 6399 540.00 60J8 2.50 
4E27A/5-125B 240.00 6550A 10.00 6DQ5 6.58 
4PR60A 200.00 6883B/8032A/8552 10.00 6GF5 5.85 
4PR60B 345.00 6897 160.00 6GJ5A 6.20 
4PR65A18187 175.00 6907 79.00 6GK6 6.00 
4PR1000A/8l89 590.00 6922161358 5.00 6HB5 6.00 
4X150A/7034 60.00 6939 22.00 6HF5 8.73 
4X1500/7609 95.00 7094 250.00 6JG6A 6.28 
4x2508 45.00 7117 38.50 6JM6 6.00 
4X250F 45.00 7203 P.O.R. 6JN6 6.00 
4X500A 412.00 7211 100.00 6JS6C 7.25 
5CX1500A 660.00 72 13 300.00* 6KN6 5.05 
KT88 27.50 7214 300.00* 6KD6 8.25 
4160 45.00 727 1 135.00 6LF6 7.00 
416C 62.50 728912C39 34.00 6LQ6G.E. 7.00 
572B/T160L 49.95 7325 P.O.R. 6LQ6/6MJ6Sylvan ia  9.00 
59213-200A3 211.00 7360 13.50 6ME6 8.90 
807 8.50 7377 85.00 12AT7 3.50 
81 1A 15.00 7408 2.50 12AX7 3.00 
812A 29.00 7609 95.00 12BY7 5.00 
813 50.00 7735 36.00 12JB6A 6.50 

NOTE * = USE0 TUBE NOTE P.O.R. = PRICE ON REQUEST 

"ALL PARTS MAY BE NEW, USED, O R  SURPLUS. PARTS MAY BE SUBSTITUTE0 WITH COMPARABLE PARTS I F  WE 
ARE OUT OF STOCK OF AN ITEM. 

NOTICE: ALL PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. For information call: 602-265-0731 

Toll Free Number ,,AII parts may be new or 
surplus,  and par ts  may be 

gM- electroqcs 
800-528-01 80 substituted with comparable parts 3802 North 27th Ave., Phoenix, AZ 85017 

(For orders only) II we are out of stock of an Item 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

8 
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"FILTERS" 
C O L L I N S  Mechanical F i l t e r  #526-9724-010 FlODEL F455Z32F 

455MZ a t  3.2KHz wide.  &y be other rrcdels but e q u i v a l e n t .  May be used or new. $15.99 

A T L A S  Crystal F i  1 t e r s  
5.595-2.7/8/LSB, 5.595-2.7/LSB 
8 p l e  2.7KHz wide Upper s ideband.  Impedence 8 0 b h  15pf In/800ohms Opf out. 19.99 

5.595-2.7/8/U, 5.595-2.7/USB 
8 p l e  2.7Khz wide Upper s ideband.  I n p d e n c e  8 0 b h m s  15pf In/8000hm Opf out. 19.99 
5.595-.500/4, 5.595-.500/4/m 
4  ole 500 c y c l e s  wide CW. Impedance 8 0 b h  15pf I n / 8 0 0 0 h  Opf out. 19.99 

9.0USB/CW 
6 p l e  2.7KHz wide a t  6dB. W a n c e  6 8 b h  7pf In/:3000hs 8pf out. CW-1599Hz 19.99 

K O K U S A I  E L E C T R I C  C O ,  Mechanical F i l t e r  #flF-455-ZL/ZU-21H 
455KIIz a t  Center Frequency of 453.5KC. Carrier Frequency of 455KHz 2.36KC -width. 
Qpcr sidebard. (ZU) 19.99 
Lower  sidebarr3. (ZL) 19.99 

o~~t*+********+*+**o*t*et*~***t~******+t************************************** 

CRYSTAL F I LTERS 
N 1 1.30 FX-078OOC 7. aI.Plz $10.01) 
TF,W FEC-103-2 10.6935MHz 10.00 
SDK SCH-113A 11.2735Mti~ 10.00 
TN.IR TF-3U250 CF 3179.3XHz 19.99 
?rCO/CD 001019880 10.7MHz 2 p l e  15KHz bandwidth 5.00 
tC'mROM 4884863801 11.7MHz 2 p l e  15KHz bandwidth 5.00 
Pi'I 5350C 12MHz 2p31e 15KHz hn3widt .h  5.00 
PrI 5426C 21.4IGlz 2 p l e  15KHz bandwidth 5.00 
F'i'I 1479 10.7MIlz 8 p l e  bardwidth  7.5KHz a t  3dB, 5KHz a t  6dB 20.00 
~ T E C H  NO300 45MHz 2 p l e  15KHz bardwidth  6.00 
FRC m - 1 5 7 0 0  20.6MHz 36KHz wide 10.00 
FIL'EXY 2131 CF 7.825MHz 10.00 

o.o****o********************************************************************** 

CERAI.11 C F I L T E R S  
hXEL 4F449 12.6KC Bardpass F i l t e r  3dB bandwidth 1.6KH.z from 11.8-13.4KHz 10.00 
C I M T E  T3- OLA 455KHzi-2KHz bmdwid th  4-75 a t  3dB 5.00 

m4-12D36A 455MIz+-WIIz bandwidth 6dB min 12KHz, 60dB max 36KHz 10.00 
MIJFATA llFD455B 455KIlz 2.50 

BFB4 55L 4 55KIlz 3.50 
CR.1455E 455KHz t5 .5KI lz  a t  3dB , t 8 ~ 1 1 z  a t  6dB , +-16KHz a t  5OdB 6.65 
CFl.1455D 455RIz t 7 m I z  a t  3dD , t lOKHz  a t  6dB , +-20KHz a t  50dB 6 .65 
CFR4 55E 455IQlz t5 .5KHz  a t  3dB , +-8KHz a t  6dB , t l 6 K H z  a t  60dB 8.00 
CFW4 550 455KHz t 2 K H z  bandwidth +-15KHz a t  6dB, t 30KHz  a t  40dB 2.90 
0 ~ 4 5 5 ~  455KIlz t 2 K H z  bandwidth +-12.5KHz a t  6dB , +-24KHz a t  40dB 2.90 
CFU455G 455KHz t l K H z  bardwidth  +-4.5KHz a t  6dB , +-1OKHz a t  4OdB 2.90 
CFU4 5511 455KHz t l K H z  bardwidth  +-3KIlz a t  6dB , t 9 K H z  a t  40dB 2.90 
CFU455I 455KHz t U H z  bardwidth  +-2KHz a t  6dB , t 6 K H z  a t  4- 2.90 
OW4 55D 455KIIz t1OKHz a t  6dB , c20KHz a t  40dB 2.90 
CFW455H 455KHz t 3 K H z  a t  633 , t 3 N i z  a t  40dR 2.90 
S'B455D 4 55KHz 2.50 
SFQ4 55D 455KHz t2KFIz , 3dB bandwidth 4.5Kklz t m z  5 .00 
SFElO. 7MA 10.7MHz 280KHz c5OKHz a t  3dB , 650KHz a t  2WB 2.50 
SF'ElO. 7% 10,7MHz 2 3 0 ~ ~ ~  i - 5 0 ~ ~ ~  a t  3dB , 570KHz a t  2- 2.50 
SFG10.7MA 10.7MMz 10.00 

NIPWN LF-B4/CF'U4551 455KH~ t U H z  2.90 
LF-B6/CFlJ455H 455KHz t m z  2.90 
IT-B8 455KH~ 2.90 
L€-C18 455KHz 10.00 

TOK IN CF455A/BFU455K 455KHz t 2 K H z  5.00 
MnrSUSHIRA PC-IA55K 455KH~ 7.00 

oo.*************************************************************************** 

SPECTRA PHYSICS I N C ,  Model 088 HeNe LASER TUBES 
PWk37 OUTPUT 1.6MW. BEAM DIA. . 7 5 m  BEAM DIR.  2.7PQ7 BKV STNiTTNG VOLTAGE IX: 
68KOHMlFIAlTBALLAST lOOOVlXtlOOVDC A t  3.7MA $59.99 

R O T R O N  FIUFFIN FANS Model M A R K 4 / M U 2 A I  
115VAC 14'NATTS 50/60BS IMPEDENCE P R W E C E E F  868Fl.I a t  5 0 B S  $ 7.99 
1 0 5 m  a t  6 0 8 5  THESE A R E  N E W  1011 Free Number , , A I I  parts may be new or 

JW elect roqcgj 8~-~28-01go 
surplus, and parts may be 
substttuted w~th  comparable parts 

(For orders only) 11 we are out of stock of an ttem. ' 

3802 North 27th Ave.v 85017 PRICES SUBJECT TO CHANGE WITHOUT NOTICE For information call: 602-265-0731 

r 
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l n ' E  - 
RF TRANSISTORS 

L'HiCT Tip6 - - PRICE - E! PRICE PRICE - - 
2N1561 $25.00 2N5920 $ 70.00 40608 RCA $ 2.48  BEY90 $ 1.50 
2N1562 25.00 2N5921 80.00 40673 RCA 2.50 BLW6OC5 15.00 
2N1692 25.00 2N5922 10.00 40894 RCA 1.00 BLX67 12.25 
2N2857 1.55 2N5923 25.00 25.00 BLX67C3 12.25 60247 KCA 
2N2857.JAN 4 .10  2N5941 23.00 61206 RCA 100.00 BLX93C3 22 .21  
2N2857JANTX 4.50  2N5942 40.00 62800A RCA 60.00  BLY87A 7.50 
2N2876 13.50 2N5944 10 .35  62803 RCA 100.00 BLY88C3 13.08 
2N2947 18.35 2N5945 10.00 430414/3990RCA 50.00 BLY89C 13.00 
2N2948 13.00 2N5946 12.00 3457159 RCA 20.00 BLY90 45 .00  
2N2949 15.50 2N5947 9 .20  3729685-2 RCA 75.00 BLY92 13.30 
2N3118 5 .00  2N6080 6.00 7729 701-2 RCA 50.00 BLY94C 45.00 
2N3119 4.00 2N6081 7.00 3753883 RCA 50.00 BLY351 10.00 
2N3134 1.15 2N6082 9.00 615467-902 25.00 BLY568CfCF 30.00 
2N3287 4.90 2N6083 9 .50  615467-903 40.00 C2M70-28R 92.70  
2N3288 4.40 2N6084 12.00 2SC568 2.50 CZ5-28 57 .00  
2N3J09 4 .85  2N6094 11.00 2SC703 36.00 C4005 2.50 
2N3375 17.10 2N6095 12.00 2SC756A 7.50 CD1659 20.00 
2N3478 2 .  2N6096 16.10 2SC781 2.80 CD1899 20.00 
2N3553 1 .55  2N6097 20.70 2SCl018 1 - 0 0  CD1920 10.00 
2Nj553JAN 2.90 2N6105 21.00 2SC1042 24.00 CD2188 18.00 
2N3632 15.50 2N6136 21.85 2SC1070 2.50 CD2545 24.00 
2N3733 11.00 2N6166 40.24 2SC1216 2.50 CD2664A 16.00 
2N3818 5.00 2N6267 142.00 ZSCI239 2.50 CD3167 92.70 
2N3866 1 .30  2N6304 1.50 2SC1251 24.00 CD3353 95.00 
2N3866.IAN 2.20 2N6368 30.00 2SC 1306 2.90 CD3435 26 .30  
2N3866JANTX 3.80 2N6439 55.31 2SC1307 5.50 CD3900 152.95 
2N3866JANTXV 4.70 2N6459 18.00 2SC1424 2 - 8 0  CM25-12 20.00 
ZN3866A.lANTXV 5.30 2N6567 10.06 2SCl600 5.00 CM40-12 27.90 
2133924 3.35 2N6603 13.50 2SC1678 2 .00  CM40-28 56.90 
2N3926 16 .10  2N6604 13.50 2SC1729 32.40 CME50-12 30.00 
2N3927 17.25 2N6679 44.00 2SC 1760 1.50 CTC2001 42. Q O  
2N3948 1.75 2N6680 80 .00  2SC1909 4.00 CTC2005 55.00 
2N3950 25.00 021-1 15.00 2SC1945 10.00 CTC3005 70.00 
2N3959 3 .85  01-80703T4 65 .00  2SC1946 40.00 CTCj460 20.00 
2N4012 11.00 35C05 15.00 2SC1947 10.00 DVZ820S 25.00 
2N4037 2.00 102-1 28.00 2SC1970 2.50 DXL1003P70 22.00 
2N404 1 14.00 103-1 28.00 2SC1974 4.00 DXL2001P70 19.00 
2N4072 1.80 103-2 28.00 2SC2 166 5.50 DXL20021J70 14.00 
2N4080 4.53 104P1 18.00 2SC2237 32.00 DXL3501APlOOF 47.00 
2N4127 21.00 163P1 10.00 2SC2695 47.00 EFJ4015 12.00 
2N4416 2.25 181-3 15.00 A2X1698 POR EFJ4017 24.00 
2N4427 1.25 210-2 10.00 A3-12 14.45 EFJ4021 24.00 
21.14428 1.85 269-1 18.00 A50-12 24.00 EFJ4026 75.00 
2N4430 11.80 281-1 15.00 A209 10.00 EN15745 20.00 
2N4927 3.90 282-1 30.00 A283 6 - 0 0  FJ9540 16.00 
2N4957 3 .45  482 7.50 A28JB 6.00 FSX52WF 58.00 
2N4959 2.30 564-1 25.00 A1610 19.00 C65739 25.00 
2N5016 18.40 698-3 15.00 AF102 2 - 5 0  G65386 25.00 
2N5026 15.00 703-1 15 .00  AW 12 2.50 GM0290A 2 .50  
2N5070 18.40 704 4.00 AR7 115 20.00 HEF76 4.95 
2N5090 13.80 709-2 11.00 AT41435-5 6 .35  HEPS3002 11.40 
2N5108 3.45 711 4.00 B2-8Z 10.70 HEPS3003 30.00 
2N5 109 1 .70  733-2 15.00 B3- 12 10.85 HEPS3005 10.00 
2N5160 3.45 798-2 25.00 B12-12 15.70 HEPS3006 19.90 
2N5177 21.62 3421 28.00 BAL0204125 152.95 HEPS300I 25.00 
2N5179 1.04 3683P1 15.00 BF25-35 56.25 HEPS3010 11.34 
2N5216 56.00 3992 25.00 840-12 19.25 HF8003 10.00 
2N5470 75.00 4164P1 15.00 870- 12 55.00 HFET2204 112.00 
2N5583 3.45 4243P1 28.00 BF272A 2.50 HP35821 38.00 
2N5589 9.77 4340P3 18.00 BFQ85 2.50 HP35826B 32.00 
2N5590 10.92 4387P1 27.50 BFR2 1 2.50 HP35826E 32.00 
2111559 1 13.80 7104-1 28.00 BFR90 1.00 HP35831E 30.00 
2N5596 99 .00  7249-2 10.50 BFR9 1 1.65 HP35832E 50.00 
2N5636 12.00 7283-1 37.50 HFRY 9 2.50 HP35833E 50.00 
2N5637 15.50 7536-1 30.00 HF'T 12 2.50 HP35859E 75.00 
2N5641 12.42 7794-1 10.50 BFW 16A 2.50 HP35866E 44.00 
2N5642 14.03 7795 15.00 HEW 17 2.50 HXTR2 10 1 44.00 
2N5643 25.50 7795-1 15.00 BFW92 1.50 HXTH7IO1 7.00 
LN5645 13.80 7796-1 24.00 HFX44 2.50 HXTR5101 31.00 
2N5646 20.70 7797-1 36.00 BFX48 2.50 HXTR6104 68.00 
2N565 1 11.05 40081RCA 5.00 BI'X65 2.50 HXTR6105 31.00 
2N5691 18.00 40279 RCA 10.00 BFX84 2.50 HXTR6106 33.00 
LN5764 27.00 $0280 RCA 4.62 BFX85 2.50 5310 1.00 
2N5836 3 . 4 5  40281 RCA 10.00 BFX86 2.50 J02000 10.00 
2N5842 8 .45  40282 RCA 20.00 BI'X89 1 .00  J02001 25.00 
2N5847 19.90 40290 RCA 2.80 BFY 11 2.50 504045 24.00 
2N5849 20.00 40292 RCA 13.05 BFY 18 2.50 KD5522 25.00 
2N59 1 3 3.25 40294 RCA 2.50 BW19 2.50 KJ5522 25.00 
2N5916 36.00 40341 RCA 21.00 BEY 39 2.50 MI106 13.75 

Toll Free Number . .Al l  parts may ,, ., PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

800-528-01 80 surplus,  and par ts  may be 
substituted w ~ t h  comparable parts 
11 we are out of stock of an ~tem." 

(For Orden Only) For information call: 602-265-0731 
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t 1 
RF TRANSISTORS (CONTINUED) 

MI 107 $16.75 MRF458 $20.70 NE02160ER $100.00 SD1009 $15.00 
MI131 5.15 MRF464 25.30 NE021350 5.30 SD1009-2 15.00 
HI132 7.25 MRF466 18.97 NE13783 61.00 SD1012 10.00 
MI 134 13.40 MRF472 1.50 NE21889 43.00 SD1012-3 10.00 
M9116 29.10 MRF475 3.10 NE57835 5.70 SD1012-5 10.00 
M9579 6.00 MRF476 3.16 NE64360ER-A 100.00 SD1013 10.00 
M9580 7.95 MRF477 20.00 NE64480 ( B )  94.00 SD1013-3 10.00 
M9587 7.00 MRF479 8.05 NE73436 2.50 SD1013-7 10.00 
M9588 5.20 MRF492 23.00 NE77362ER 100.00 SD1016 15.00 
M9622 5.95 MRF502 1.04 NE9826OER 100.00 SD1016-5 15.00 
M9623 7.95 MRF503 6.00 PRT8637 25.00 SD1018-4 13.00 
M9624 9.95 MRF504 7.00 PT3127A 5.00 SD1018-6 13.00 
M9625 15.95 MRF509 5.00 PT3127B 5.00 SD1018-7 13.00 
M9630 14.00 MRF511 10.69 PT3127C 20.00 SD1018-15 13.00 
M9740 27.90 MRF515 2.00 PT3127D .20.00 SD1020-5 10.00 
M9741 27.90 MRF517 2.00 PT3127E 20.00 SD1028 15.00 
M9755 16.00 MRF525 3.45 PT3190 20.00 SD1030 12.00 
M9780 5.50 MRF559 1.76 PT3194 20.00 SD1030-2 12.00 
M9827 11.00 MRF587 11.00 PT3195 20.00 St11040 5.00 
M9848 35.00 MRF605 20.00 PT3537 7.80 SDl040-2 20.00 
M9850 13.50 MRF618 25.00 PT41116E 20.00 SD1040-4 10.00 
M9851 20.00 MRF626 12.00 PT4116D 25.00 SD1040-6 5.00 
M9860 8.25 MRF628 8.65 PT4186B 5.00 SD1043 12.00 
M9887 2.80 MRF629 3.45 PT4209 25.00 SD1043-1 10.00 
M9908 6.95 MRF641 25.30 PT4209C/5645 25.00 SD1045 3.75 
M9965 12.00 MRF644 27.60 PT4556 24.60 SD1049-1 2.00 
MM1500 25.00 MRF646 29.90 PT4570 7.50 SD1053 4.00 
MMI 550 10.00 MRF648 33.35 PT4577 20.00 SD1057 10.00 
MM1552 50.00 MRF816 15.00 PT4590 5.00 SD1065 4.75 
MI41553 50.00 MRF823 20.00 PT4612 20.00 SD1068 15.00 
MM1607 8.45 MRF846 44.85 PT4628 20.00 SD1074-2 18.00 
MM1614 10.00 ~ ~ ~ 8 9 2  35.50 PT4640 20.00 SD1074-4 28.00 
MMl810 15.00 MRF894 46.00 ~ ~ 4 6 4 2  20.00 SD1074-5 28.00 
MM1810 15.00 MRF901 3 Lead 1.00 PT5632 4.70 SD1076 18.50 
MM1943 1.80 MRF901 4 Lead 2.00 ~ ~ 5 7 4 9  25.00 SD1077 4.00 
MM2608 5.00 MRF902/2N6603JAN 15.00 PT6612 25.00 SD1077-4 4.00 
MM3375A 17.10 MRF902B 18.40 PT6619 20.00 SD1077-6 4.00 
MM4429 10.00 MRF904 2.30 PT6708 25.00 ~~11078-6 24.00 
MM8000 1.15 MRF905 2.55 T'T6:09 25.00 SD1080-7 7.50 
MM8006 2.30 MRF911 2.50 PT612O 25.00 SD1080-8 6.00 
MM8011 25.00 MRF965 2.55 PTBt)I0 18.00 SD1080-9 3.00 
MPSU31 1.01 MRF966 3.55 PT8S24 25.00 501084 8.00 
MRA2023-1.5 42.50 MRFlOOOMA 32.77 PTR609 25.00 SD1087 15.00 
MRF134 10.50 MRF1004M 31.05 PTHb33 25.00 SD1088 22.00 
MRF136 16.00 MRF2001 41.74 PTH639 25.00 SD1088-8 22.00 
MRF171 35.00 MRF2005 54.97 PT8659 25.00 501089-5 15.00 
MRF208 11.50 MRF5176 24.00 PT8679 25.00 SD1090 15.00 
MRF2 12 16.10 MRF8004 2.10 PT8708 20.00 SD1094 15.00 
MRF22 1 10.00 MSC1720-12 225.00 PT8709 20.00 SD1095 15.00 
MRF223 13.00 MSC1821-3 29.00 SD1098-1 30.00 125.00 PT8727 
MRF224 13.50 MSC1821-10 225.00 PT8731 25.00 SDllOO 5.00 
MRF227 3.45 MSC2001 30.00 l'T8742 19.10 SD1109 18.00 
MRF230 2.00 MSC2010 93.00 l'T8787 25.00 SD1115-2 7.50 
MRF231 10.00 MSC2223-10 245.00 I'T8828 25.00 SD1115-3 7.50 
MRF232 12.07 MSC2302 POR PT9700 25.00 SD1115-7 2.10 
MRF237 3.15 MSC3000 35.00 PT9702 25.00 SD1116 5.00 
MRF238 13.80 MSC3001 38.00 PT9783 16.50 SD1118 22.00 
MRF239 17.25 MSC72002 POR PT9784 32.70 SO1119 5.00 
iHRF245 35.65 MSC73001 POR PT9790 56.00 SD1124 50.00 
MRF247 31.00 MSC80064 35.00 PT11083 20.00 SD1132-1 15.00 
MRF304 36.00 MSC80091 10.00 PT'11962 20.00 SD1132-4 12.00 
MRF306 50.00 MSC80099 3.00 PTX6680 20.00 SD1133 9.50 
MRF313 11.15 MSC80593 POR RE: )754 25.00 SD1133-1 10.00 
MRF314 29.21 MSC80758 POR RE 3789 25.00 SD1134-1 2.50 
MRF315 28.86 MSC82001 33.00 R1'15 16.00 SD1134-4 12.00 
MRF316 55.43 MSC82014 33.00 RF85 17.50 SD1134-17 12.00 
MRF317 63.94 MSC82020M 130.00 RFllO 21.00 SD1135 10.25 
MRF4 12 18.00 MSC82030 33.00 550-12 23.80 SD1135-3 12.00 
MRF420 20.12 MSC83001 40.00 S3006 15.00 SD1136 12.50 
MRF42 1 25.00 MSC83003 82.00 53007 10.00 SD1136-2 12.50 
MRF422 38.00 MSC83005 70.00 S3031 22.00 SD1143-I 10.00 
MRF42 7 17.25 MSC83026 POR SCA3522 5.00 SD1143-3 17.00 
MRF428 63.00 MSC83303 POR SCA3523 5.00 SD1144 4.00 
MRF433 12.07 MSC84900 60.00 SD345 5.00 SD1145-5 15.30 
MRF449/A 12.65 MT4150 14.40 SD445 5.00 SO1146 15.00 
MRF450lA 14.37 MT5126 25.00 SD1004 15.00 SD1147 15.00 
MRF4521A 17.00 MT5596(2N) 99.00 SD1007 15.00 SD1188 10.00 
MRF4531A 18.40 MT5768(2N) 95.00 SD1007-2 15.00 SD1189 24.00 
MRF454/A 20.12 ~ ~ 8 7 6 2  25.00 SD1007-4 15.00 SD1200 1.50 
MRF455/A 16.00 NE02136 2.00 SD1007-5 15.00 SD1201-2 15.00 

Toll Free Number ,.AI I  parts may be new or 

800-528-01 80 surplus,  and  par ts  may be 
substituted with comparable parts 
I (  we are out of stock 01 an item " 3802 North 27th Ave., Phoenix, AZ 85017 

(For Orden on'y) For information call: 602-265-0731 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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I 4 
E.F. JOHNSON ROLLER INDUCTORS C 

$ NI -CAD BATTERY CHARGERS 
C * 
C * 
C 
C 
C 
C 
C 
C 
C 

-b 
* * * 
C 
C 
C * * * * - - 

MOULL 229-0201-01 MOULL 229-0202-01 * 
~ O U H  a t  3AMPS MAX. $36.99 l8uH a t  5AMPS MAX. $44.99 UNIVERSAL CHARGER .................................................... $19.99 

UNELCO,SEMCO,ARCO METAL CLAD MICA CAPACITORS 

-Standard S ize Micro  S i ze  - - ____ 
3.9 14 33 62 175 5 25 
4.7 5 15 18 

34 36 68 7 5 200 180 6 7 
27 33 0 -1 

5.1 20 38 80 220 8 36 
6.8 22 3 9 82 240 9 51 
7 24 40 100 250 12 62 
8.2 25 4 3 110 300 15 

I 
d 

9.1 27 44 120 360 16 B 
10 27.5 47 123 470 18 
11 28 50 125 500 20 

4 
12 30 5 1 140 82 0 22 
13 32 56 150 1000 24 

********NOTE ALL VALUES LISTED I N  PIC0 FARAD******** MALLORY CHARGER 
PRICE INFORMATION 

$23.99 

1 t o  10 $ .90ea. 11 t o 5 1  $.80ea. 52 t o  102 S.70ea. 
103 and up c a l l  7- 

................................................... I 

GOULO NI-CAD BATTERIES 
AA s i z e  1.2% a t  5DOmahr new a $ 1.99 
D s i z e 1 . 2 5 v a t 4 A M P H R  new h 7.49 

'$p +/-bf 
GLNERAL ELECTRIC NI-CAD BATTERIES 

AA s i z e  1 . 2 5 ~  a t  500mahr new a 2.99 
195194 3.7'3 a t  lOOmahr new 

f 
1.99 

AA s i z e  3 . 7 5 ~  a t  lOOrnahr new a 2.99 
-ch ,/ 
'.A y 

AA s i z e  pack o f  10 1 2 . 5 ~  -. 
a t  450mahr used a 5.99 \ .  
Sub C Pack o f  10 1 2 . 5 ~  
a t  2.5Arnphr new 9.99 EVEREADY CHARGER 

/' 
$9.99 

UNION CARBIDE NI-CAD BATTERlES 
193817 3 . 7 5 ~  a t  225mahr new a 2.99 

GLOBE GEL-CELL BATTERIES 
2v a t  BAMPHR GC280 new g 5.99 

- 
*+ 

12v a t  2UAMPHR GC122DO new 49.99 
12v a t  23AMPHR GC12300 new 54.99 

EAGLE PICHER GEL-CELL BATTERIES 
12v a t  1.5AMPHR CF12V1.5 new d 11.99 

GATES SEALED RECHARGEABLE LEAD ACID BATTERIES AI4D PACKS 
2v a t  2.5AMPHR D C e l l  new b 5.99 
8v a t  SAMPHR 4 X C e l l  used f 14.99 
12v a t  2.5AMPHR 6 D C e l l s  new f 24.99 
18v a t  2.5AMPHR 9 D C e l l s  new f 29.99 

GENERAL ELECTRIC SEALED REACHARABLE LEAD ACID BATTERIES AND PACKS 
6v a t  2.5AMPHR 3 D C e l l s  used e 10.00 
12v a t  2.5AMPHR 6 D C e l l s  used e 19.99 
12v a t  SAMPHR 6 X C e l l s  used e 24.99 - 

............................................................................................. 

Toll Free Number AII par13 may be new 01 

800-528-01 80 S U I P ~ U S  and parts may be 
subst~luted wltn comparable pans 
11 WP are out ol stock of an llem 

gMv electroqcs 
3802 North 27th Ave.. Phoenix, AZ 85017 

Orders 
For Information call: 602-265-0731 PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

110 June 1985 Tell 'em you saw it in H A M  RADIO! 



RF Transistors (continued) 

,,.,,,, <%.,",6 
,$.<"I .,,.,,,! ,".<,,, ,&,,,"<, 
,,.*. T"">5" 
I , ." ' ,  ,*"in, 

,*.,I11 T*",hl 

Relays 
HNC To Ransnn P lug  Coax Cahle RC-58 36 i n c h  o r  DNC t o  N Coax Cohlc- RG-58 36 inch. 

. $7.99 o r  2 For $13.99 or 10 F o r  $50.00 2 F o r  $15.99 o r  10 F o r  $60.00 

@P? 

COAXIAL  REI.AY SWITC~IlS.SP!)? 

FXR FXR 

P a r t  I 300-11182 P a r t  H 300-11173 
120Vau T y p e  RNC DC t o  4 (;lie. IZOVac Type HNC 5;lrnr 

FSN 5985-541-1225 FSN 5985-54 1- 1850 

$39.99 $39.99 

' ' 
.' A m p h e n o l  

ParL I1 316-10102-8 
115Vac T y p e  RNC DC t o  3 (312. 

\ 

T F R Y ~  m r s n c  -COO WMIIM 
F m l O Y .  PRpldmh US  ld.. -Dd*.*CM*I'.h* Doll 

coo: raw-,. q tow-, -18 P.- $-out- .s o. e, tun, wry-, W* CUNN ou wm m n  - WSTAOE ~ l n l m u m  ahlwln and ~ n d l l n g  In 1heU.S. Coned., and Msxlm Is S300lw orwnd ehlp 
~ ~ ~ . ~ r u ( ~ u ~ l ~ . n u t ~ ~ h . t r r c ~ ~ ' s  ~ o o ' . . n n ~ ~ * 1 q s l f m h . ~ !  r u ~ n l I . d P . c c d 3 m a  merit$. all Othercwntrles la k . 8 0  ~ l r  r a t a  are avallableat ~ M l l m s o l  w ro rds r .  AII lWelon&ara 

Include 25% ol lhs adarsd amounl lor shlpplna and handling. C O D 1  are sh lPW AIR 

mln. cnaiv  m !I. caluznd vn5 PREPUD ORDEm Orden must bs .crompsnlsd 4 a check. 

PRICES: ~ d o a a  an, s u ~ & t  l o  c h a w  wllhout notlCs 

PURCHASE ORDERS: We occapl purchaw adsm anly lhq are m p . 0 1 ~  by a c h s k  

RESTOCK CHARCEL 11 pan8 are ratumsd l o  MnZ ELECTRONICS. INC. due la  cusloma arm, the 
c u s l m a  wlll be held rapan,lble la a11 lass lmurred nnd will be chavpad a 15% RESTOCK 
CHARGEwlth the rsmalnder In CREDITONLY Th+ Iol lWlW must accompany any ralum. A W I  01 
O U ~  tnvo,ce. return BUIM(IZBIIO~ n u m b  wh~cn muat be obtainea i w  l o  shipping t h  macnrndlsa 
back R ~ I U I ~ S  mu91 be dons witnln 10 DAYS 01 rsatpt 01 parcel aulhorl2atlon nummrl can 
be obtalned by calllnp (8021 2428916 or notllylng us by post card Return aulhorlzaliMs wIII "01 be 
Ql".," out On our em number 

SUES TU ARIZONA Issldbn~. .MEX -lea I... na ARUONA m a t s  t u  c u d  
n current ar I, m tn I... 1 1 ,  w m ,  t m C e a 4  orsons amcm o* llnlzowr. mt ds rer-10 
son:, n AJILO~A aro svnlncv lo tne BP. ..la 1.r 

HOURS ~ l n ~ ~ m ~ ~ m d . ~ ~ a . ~  to~mprn %#wd.mmw.m 10am~rn SHORTAOE OR DUIAOE. AII claims la s ~ a g n  a damapg muat ba ~ d .  wllnln 5 DAYS d 
IMSUIII(CT ~ ~ ~ ~ ~ ~ ~ ~ m ~ ~ . r n ~ ~ - ~ ~ t r n r n a ~ t r n r n  umwrr u t1nwnapd .0 r .nnadmum tecelpl 01 parcel Claims must i n c i u ~  a copy o l  w r  lnmlcs .Imp with a return a d M I z ~ t l a n  
on,, 8 1  n.n  to bar .n#- tn- I- -I I. Urn *-*M is .rmnaul votm .nlwv ~ n ~ g n g  amto .hlch can be obta~nea by c o n l s c ~ ~ ~  us .I ~12124289ie or MI a @I card AUIMIZ~ 

sum.-e ,tons cannot be n, wr Bm numbsr items murt be properly p.cksd '7ltams are r o l  prapsrty 

wr*mw.npr * tN t~camIuu- -m 
psrked make sure to conlscl ~Mcarrrer so mat lhq can come wl and Inspk l  the PckrOs bslore 
18s ralomed 10 us C u ~ l o m w ~  whlchdonol nollly us within lht9 llme p.rlod w8ll be h l d  resplnnlbls 

m ~ ( a  ro- - - tom.  .n ~cenmw *m rm - IU i- - -8-l u. .a1- on IN the enf~ra ader as we WIII cons~de~ !he order complete 
, q - 0  

p m  we r- the rlphl l o  subslitute or r-1- any Itan wllh a psn 01 equal w comps<abts O R  Bm NUMBER IS STRICTLY FOR ORDERS ONLY llY4 5280180 ~NFORUATION CALLS ARE 

.pkIIIC.IIWI 
TAKEN ON IMZi 2428818 w WIZI 2423037 

I I 

I For information call: 602-265-0731 
1 I "A l l  parts may b e  new or 

S U ~ ~ I U S ,  a n d  p a r t s  m a y  b e  Toll Frrr Numbrr 
elect roves s ~ b ~ t ~ t ~ t d  wf thcomparab le  parts 

11 we  are 0111 o l  slack o l  an Item " 
800-528-01 80 

-- 
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Ham Radio's guide to help you find your locar AM- 
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) 327-1917 
Hours M-F 94330, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 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, MA 01810 
61 7-475-7831 
Bezels, bindng posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

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 9-5:30. Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

NEW YORK 
ADIRONDACK ELECTRONICS, INC. 
1991 CENTRAL AVENUE 
ALBANY, NY 12205 
51 8-456-0203 
Amateur Radio for the Northeast since 
1943. 

BARRY ELECTRONICS 
51 2 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH 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. 

I I 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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lma teur Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6585-7388 
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 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
Icorn. Bird. Cushcraft. Beckrnan. 
Larsen. Hustler. Astron. Belden. 
Antenna Specialists. W2AUNVPVS. 
AEA. BBW. Amphenol, Saxton. J.W. 
MillerlDaiwa. Vibro~lex. 

THE VHF SHOP 
16 S. MOUNTAIN BLVD.. RTE. 309 
MOUNTAINTOP. PA 18707 
7 17-474-9399 
Lunar. Micrmave Modules. ARCOS, 
Astron. KLM. Tama. Tonna-FSFT, 
UHF UnitslParabolic. Santec. Tokyo 
Hy-Power. Dentron. Mirage. 
Arnphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON. TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

R n v .  BIT INVERSION IRTTV). ASCII. AMTOR [MODE A [AROL MODE B IFEC AND 
SEL-FEC]. MODE L). CW. ANY SPEED &Y SHIFT [ASCII AND BAUDOTY I I- - -. - ------- 

Tha awcrome power ol  thb e.777 Is llmlted o n ~ ~  by the imaplnllon d the u8ar 8d Me lsrminal 
program ol  Ls  computer. 
Use with Any computer t h l  h n  US232 a TTL I/& IBM. Appla CommDdora TRSBO. st& 

Evervthin~Built In - Including Software - Nothing Else To Buy! 
' S P E ~ S .  cw GOO WPM AUTOTRACK) 12  BAUD (ASCII AND BAUDOT). 12-600BAUD TTL. AND RS232 

OR TTL LEVEL DATA CONLECTION - t0b-24~ BAUD ASCII) OR 45.5rn BAUD (BAUDOT SELCAL . 
MEMORY. 15CHANNELS .768CHARACTER INPUT BUFF~R AUTO PTT . CW ID .DIDDLE &Ho .AUTO 
CRlLF RUB-OUT CWPRACTICE GENERATOR . VARIABLECW WEIGHTS . TEST MESSAGE IRY ANDOBFI 

FULL CRT FUNCTION DISPLAY MARK - AND - BREAK (SPACE - AND - BREAK SYSTEM XTAL AFSK 
AUDIO MONITOR WWER SUPPLY REOUIREMENTS 13.8 V DC. 7M)MA SIZE 9d' x 100 x 2'.:H 

GATEUR-WHOLESALE ELECTR TOLL F R E E . ~ ~ 7 3 1 0 2  
8817s W 129h Terrace. Miaml. Florfda33176 (3051 233-?S31 Telex 81333% 

ONlCS 
Telephone 

C U S I ~ I ~  hl.til,ng Lisis on Labels'  
Amateur Radio Operator NAMES 
Cust , ,n~ l lsls r i~rnpcled l o  your ~ D C T I C ~ I O ~ S  . Geograph~c by ZIP andlor State 

I By L ~ c e n s e  Issue or Exp8ratlon Date 
Sell sllck 1 r3 IaWls 

Total List 453.000 Price: SZSIThousand 
Buckmaster Publ ish ing fl 184 

Wn#tehall 

Mineral VA 79117 U S  A 111131 894 5m 
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Pmoram Listino 
Data Base Mgml. 
Loos. Awards Data Base. Gr~dlocator 
LalitudelLongilude Pmgnma 
Data Flle. Beamheadlngs. DX Display. Sunrise Chart. 
Grevllne. DX Checker 
 onl lest and Duping 
Dupechecker. General Contest Logger, PROGRAMS FOR F~ela  Day Logqer, Sweepstakes ~ogger, Log print 

THE RADIO AMATEUR Antenna ~mgrams 
by Wayne Overbeck. NfiNB, and 

Antenna Scaler. Matching Evaluator. Vertical Panem 
PI~I IPI  

Jim Steffen, KC6A EME 

Here's the f ~ l s l  source book of computer programs EMF System Calculator. Sky Locator. Moontracker 

disk alone 
and VUCC, or any omer award. You can ellher $19.95 
buy mr book alone or you can buy the book with 
the programs already on dlsk Take full advantage Programs available for Apple I1 (DOS and CP/M). 

SklPTcnneY WINLB w of your computer with th~s well written source IBM (00s). TRS 80 Model I and Model Ill and 
book 1984. 1st ed~t~on. Commodore C 64 Please mark your order with the 
327 pages program dlsk you want 

HAM DATA PROGRAMS 
FOR THE COMMODORE C-64 

Ham Data Antenna Design 
Forget longhand calculations when you have this program! 
This self-prompting program covers dipoles. Yagis, long 
wires, rhombics, quads, loops, verticals and other antennas. 
You simply enter the frequency you are designing an anten- 
na for, the antenna you want to make, and the computer will 
give you all the initial design specifications you need. The 
results can be stored on disk for permanent retention. 

UHD-AD $9.95 

Ham Data Contest Log 
This disk contains four different contest programs; ARRL 
Sweepstakes, Field Day. Universal WW Contest log, plus a 
dupe checking routine. Each program is designed for real 
time use. It automatically enters date, time, band and serial 
number for each contact. A 24-hour clock is displayed at the 
 to^ of the VDT screen. When the contest is over, the 
prbgram will prlnt your results llst~ng all duped and scored 
contacts In sertal seauence w~th all the necessarv exchanae 
information as well as completed score at the boitom of t6e 
page. 
L1 HD-CL $24.95 

Ham Data Super Log 
Super log gives you all the advantages of a computerized 
data base without significantly changing the traditional log 
format. For contesters. Super Log can be configured to auto- 
matically enter serial number as well as time of contact. Or 
you can manually enter contact information. Should you 
make an error, you can easily go back and edit the entry. 
Super Log also allows you to print out either selected con- 
tents or the whole log. Will also print out QSLs. Easy to 
modify. 

1-1 HD-SL $19.95 

Ham Data Propagation Chart 
This program will be an invaluable addition to any Ham- 
shack. The Propagation Chart allows you to determine the 
maximum usable frequency (MUF) and the optimum frequen- 
cy (FOT) between your QTH and any spot on the globe. You 
can get either a screen display, a printed tabular list over 
several days, or a printed graph of MUF and FOT. You also 
get automatic beam headings and distance to the DX station. 
Really makes DX'ing a snap. Covers 160-10 meters and the 
new WARC bands. 

U HD-PC $21.95 

1 CIRCUIT BUSTERS C-64 + DX mae = Fun 
STAR 1.0 DESIGN PROGRAM 

STAR, S-parameter Two Part Analysis Routine, is a profes- 
sional engineering program designed to help analyze elec- 
tronic circuits. It is particularly helpful in frequency domain 
analysis of RF and microwave circuits. To use STAR, you in- 
put circuit information by component; inductors, resistors. 
capacitors, transformers, transmission lines, two port data 
and several two port manipulations. STAR will then give you 
S-parameter data for each requested frequency in tabular or 
plot form. You can also use STAR to optlmize component 
values for maximum circuit performance. This program is 
definitely not for electronic beginners. Engineers and serious 
hams, however, will find STAR to be an invaluable design 
tool. 

URR-IBM program for IBM $99 
ORR-C-64 program for Commodore C-64 $99 
ORR-AP program for Apple II $89 
ORR-KP program for KayPro $89 

Generate your own Greyllne 
display. 

Xantek has adapted their best sell- 
ing DX Edge to the computer world 
and it comes at a very reasonable 
price. Just $34.95 brings into your 
ham shack the ability to know and 
predict when and where DX is go- 
ina to amear. The DX Edae shows 

you the sun s path across thk earth When you are k n g  the 
program the computer will automat~cally update the lnforma- 
tlon as the sun progresses across the face of the Earth To 
make the computerized DX Edge even easler to use, the 
d~splay IS keyed lo the DXCC llst and the 40 CQ zones Dlsk 
and documentat~on are just $34 95 Thls IS something you've 
GOT to have1 1985 

I IXN-C64 $34.95 



COMMODORE 64 USER'S GUIDE 
by Commodore Engineers 

This beginner's book gives you hands-on instruct~ons on 
how to set up and use your brand new C-64 computer. 
Learn how to do color animation, generate music or 
specialized sound effects and interface the computer with 
peripheral equipment. Just about every question a beginner 
could ask 1s answered in this useful text (c)1982. 
166 pages. 
r 122010 softbound $12.95 

COMMODORE 64 PROGRAMMER'S 
REFERENCE GUIDE 
This programmer's guide will give you all the handy hints 
and tips that will let you get full value from your C-64. For 
the beginner, complicated toprcs are taken step-by-step. 
with plenty of sample programs and complete detalled ex- 
planations. Advanced users will find plenty of pretested and 
debugged programs. 1st edition, 486 pages. 
n22056 Softbound $19.95 

COMMODORE C-64 STARTER BOOK 
by Jan and Christopher Titus 
and David Larsen 

This book is designed to get the new C-64 owner up and 
running with the minimum of fuss and hassle Each 
chapter is packed with experiments and exercises designed 
to build competence in the user. Full of simple to load and 
use programs written with the beginner's need in mind. 
01984, 384 pages. 
U 22293 Softbound $17.95 

REPAIR AND TROUBLESHOOTING GUIDES 
C-64. IBM-PC AND APPLE I1 

by Robert C. ~ r e n n &  
If you've been taking care of your ham gear, there's cer- 
tainly no reason why you can't do muchof your own 
microcomputer servicing. These handy guides give you a 
real headstart in taking on your "m~cro" when,problems 
arise. Troubleshooting is clearly illustrated by srmple flow 
charts that are designed to plnpoint failures and correct 
them. There is also an Advanced Troubleshooting chapter 
for more complicated systems failures. Clear easy-to-read 
text and plenty of illustrations 
I -122363 Commodore C-64 0 1 9 8 5  $18.95 
1122353 Apple II Plusllle 0 1 9 8 4  $19.95 
i 122358 IBM-PC 0 1 9 8 5  $18.95 

CIRCUIT DESIGN PROGRAMS 
FOR THE APPLE I1 

by Howard Berlin, W3HB 
Use your Apple to help design electronic circuits. This book 
is a series of engineering programs written in Applesoft 
that give you various "what happens if" and "what's 
needed when" as they apply to a number of engineering 
questions. By using the computer you can change various 
circuit components and tell exactly how the circuit will per- 
form without going through extensive manual calculations. 
01982. 132 pages. 
a21863 Softbound $15.95 

APPLE Ile PROGRAMMER'S GUIDE 
by David Heigerman 

This book zeros in on how to program the popular Apple 
Ile home computer in both BASIC and assembly language. 
Chock full of helpful facts, applications, ideas, suggestions 

VIC 20 PROGRAMMER'S REFERENCE GUIDE 
To get the Vic to perform for you, you have to know how 
to program. The book is divided into tour sections: BASIC 
Programming. Machine Language Programming, Inputlout- 
put Interfacing and Programming Graphics and Sound. 
Each chapter is fully illustrated with sample programs and 
has plenty of "how to" explanations. 1st edition. 01982. 
289 pages. 
021948 Softbound $16.95 

THE 68080 PRINCIPLES AND PROGRAMMING 
by Leo Scanlon 

Motorola's 68000 is the first 16 bit pp to have a 32 bit in- 
ternal architecture. This book covers CPU information that 
is needed for all microcomputer professionals and hobby- 
ists alike. Also Includes Information on Motorola's cross- 
macro assembler, a 68000 instruction set, printouts and 
interfacing. 01981, 240 pages. 

21 853 Softbound $15.95 
and technical information in one simole easv-to-use 
reference manual You also get a nuinber dl short appl~ca- 
tlon and demonstration programs In BASIC and assembly 2-80 MlCROPROCESSOR PROGRAMMING 
language 01984. 416 pages 
022299 

AND INTERFACING 
Sottbound $19.95 by Nichols and Rony 

APPLE PROGRAMMER'S HANDBOOK 
by Paul Irwin 

Get the most of your Apple computer by learn~ng assembly 
langua e programming. Assembly language programs run 
much faster than basic programs and can be designed for 
maximum effectiveness with minimum compromrse Plenty 
of stock routines are included, organized by toprc and 
deta~led memorv mau This 408-~a11e book will answer iust 
about all your quest~ons on assem6ly language pro- 

' 

grammlng (c)1984. 480 pages 
LA22175 Softbound $22.95 

COMPUTER DICTIONARY AND HANDBOOK 
by Sippl 

More than 22,000 definitions, acronyms, ,and abbreviations 
as well as 14 informallon packed appendixes make this an 
invaluable reference book for all levels of computer users. 
Operational control, storage devices, and time sharing are 
just a few of the subjects extensively covered in this im- 
portant volume. 01980. 928 pages. 
021632 SAVE $5 Softbound $29.95 

This is the easy way for novices and experts to learn how 
to write and design programs for the popular Z-80 micro- 
processor. Book i focuses on fundamentals and use of the 
Z-80 whlle Book 2 exolores soec~al Interest too~cs In areat 
depth. 01979. 
021609 Book 1 Softbound $12.95 
021610 Book 2 Softbound $16.95 
UBuy BOTH Special $24.95 

SAVE $4.95 

MICRO COOKBOOK Vol. 1 and 2 
by Don Lancaster 

Learning to use a PC can be a real challenge. However, 
Don Lancaster has tried to filter out all the gobbledygook 
and make it as easy as can be. Volume 1 features down- 
to-earth coverage of fundamentals, number systems, hard- 
ware and software logic, mainstream codes and standa~ds, 
electronic memory and memory devices and other appllca- 
tions. Volume 2 covers address space, addressing, system 
architecture, machine code programming, 110 and helpful 
suggestions to common problems. 
1121828 Volume 1 0 1 9 8 2  $15.95 
021829 Volume 2 0 1 9 8 3  $15.95 
OBuy BOTH Special $26.95 

SAVE $4.95 

ORDER FORM 
N a m e  _ .- 

Address  
C i t y  S ta te  Z i p . _ -  
1 I C h e c k  o r  M o n e y  O r d e r  Enc losed  
i I VISA  I I M a s t e r c a r d  

C a r d  # Exp i res  -- 



ma "TUNE IN" THE WORLD 
OF SPECIALIZED 

L A COMMUNICATIONS! 
Thousands of "Ham Radio" Now published "monthly" 10 tlmes 

operators across the country per year, SPEC-COMrv readers are kept 
are enjoying "Specialized uptedate in  a world of fast moving 
Communications" modes. modern technology. 
Whether it's FSTV, SSTV, FAX, Why not give us a try? Back issue 
OSCAR, EME, RTTY, PACKET samples are available for just $2.00 ppd. 
or COMPUTERS, today's Radio (Master Article Indexes add $1.00). 
Amateur is a highly skilled Special Six Month Trial Subscription 
Communications Specialist! -510.00. U.S.ICanadalMexico Annual 

Subscription 520.00. (Foreign Subscrip- 

8121 95.00 Providing ful l ,  In-depth tions slightly higher). 

8874 215.00 coverage of these modes is our 
business and we've been do- 
ing it now for over 19 years! 
And now we're expanding! 

SPEC-COMrN 
Amateur Radio Specialized 

Major Manulaclurers Faclary Baxed and Full line of Communication Journal 
Iowa Residenls Must P.0. BOX H 
AW 4% Sales Tax. Lowden, lowa 52255 
4% Added To All 
Charge Card Orders 

(3191 944-7669 (Membership Senices) 

ANTENNA 
COMPENDIUM 

This new League publication will consist 
of over 20 antenna articles never pub- 
lished before. Availability will be in late 
May - just in time for your warm- 
weather antenna work! Watch QST for 

Other books on antennas available from 



PLL phase modulator 
I devised this circuit to help students 

understand the difference between fre- 
quency and phase modulation. I t  is 
also useful for studying the effects of 
phase-shift behavior in a closed-loop 
circuit. 

Most phase modulators contain a 
certain amount of amplitude modula- 
tion, but this one does not. Its basic 
circuit, shown in fig. 1, uses a 565 PLL 
chip as a modulator, which is limited 
to a maximum frequency of about 500 
kHz. 

Resistor R1 and capacitor C1 estab- 
lish the approximate operating modu- 
lation frequency where f EE 1.21 
4R1C1. The reference or input fre- 
quency should be adjusted until lock 
is obtained as described below. If 
desired, the input signal can be pro- 
vided by a crystal-controlled oscillator 
(this is one of the chief advantages of 
phase modulation). 

Lock can be determined by observ- 
ing the input frequency on one chan- 
nel of a dual-trace scope and the VCO 
frequency on the other channel. Pin 9 
of the 565 should be used to observe 
the VCO frequency because a triangu- 
lar waveform is available at this point. 
Pins 4 and 5 provide the normal 
square-wave outputs of the chip, but 
the fast rise and fall times make it hard 
to see what is happening to the wave- 
forms at this level. 

Once lock is achieved, the input fre- 
quency should be adjusted until the 
reference oscillator frequency and the 
VCO frequency are in phase. Alterna- 
tively, the value of R1 and C1 can be 

+ 5 

R E F E R E N C E  

O S C I L L A T O R  M O D U L A T I N G  

F R E Q U E N C Y  

O O U T P U T  

TL 
fig. 1. Schematic diagram of the experimental PLL phase modulator. 

- 
adjusted to shift the phase of the VCO 
signal. 

The next step is to apply the modu- 
lating frequency to the error voltage 
input pin. A very low frequency should 
be used at first. Observe the display on 
an oscilloscope, making sure the scope 
is triggered on the reference signal. If 
the circuit is working correctly, the 
reference signal should be steady and 
the VCO signal should shift slowly 
back and forth in phase. The VCO is 
now being phase modulated. 

Try experimenting with different 
amplitudes of the modulating fre- 
quency. The amount of modulation 
should vary with the amplitude of the 
modulating frequency. If the modula- 
tion amplitude is too high, the VCO 
may lose lock. 

The amount of modulation is some- 
what limited in this circuit. If more 
modulation is needed, additional mod- 
ulators may be added in cascade. The 
ouput of the first modulator must be 
taken from pin 4 or 5 and reduced in 
level to about 200 mW before being 
fed to the second modulator. 

Another characteristic of phase 
modulators may also be observed. As 
the modulation frequency is increased, 
the amount of modulation also in- 
creases. (This is another advantage of 
a phase modulator over an FM modu- 
lator.) Pre-emphasis is built right into 
the circuit and does not have to be 
added externally. 

I have found this circuit easy to build 
and helpful to students. It can be con- 

verted to FM by removing the refer- 
ence oscillator. 

I would be interested in hearing from 
other ham radio readers about applica- 
tions using other chips at higher 
frequencies. 

bibliography 
Berlin, Howard M . ,  The Phase-Lock Loop Bugbook, 
with Experiments, page 7-7 to 7-10. Capital City Press. 
Montpelier, Vermont, 1978. 

Graham W. Stratford, VE3FHM 

$ort - wv c i r ~ u i t s  
INIMUF modification 

The software code modification of the 
MlNlMUF 3 propagation program pro- 
vided in fig. 2 of the February, 1985 
"DX Forecaster" (page 75) contains an 
error. Line 1774, which reads IF 
F2> F3 THEN 1779 should read IF 
F2> F3 THEN 7780. 

The program shown in N6JH's 
"Computer-aided Interdigital Bandpass 
Filter Design" (January, 1985, page 121 
will correctly execute all examples 
given in the text and are applicable to 
any Chebyshev filter design. However, 
if a Butterworth design is desired (OdB 
entered as the desired ripple in the 
passband), the program will plot the 
attenuation graph incorrectly, although 
it will compute the mechanical details 
correctly. Changing line 970 from 
GOT0 1040 to GOT0 1020 will correct 
this problem. 
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- - flea U 
market 

RATES Noncommercial ads 10C per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  or- 
g a n i z a t i o n s  receive one f r e e  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 o f  h a m f e s t  ads 
pay t h e  non-commercial ra te .  

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly p r i n t e d  ( n o t  all capitals) and m u s t  in- 
clude fu l l  name and address. We reserve the 
r igh t  t o  re jec t  unsuitable copy. Ham Radio can- 
n o t  check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
c o r r e c t n e s s  o f  material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEN0 MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

MILITARY COMMUNICATIONS: CPRC-26 Manpack Radlo 
(descr~bed In March 1985 Ham Rad~o), transceives 46-54 MHz 
FM, w~th banery box, antenna, crystal, handset: $22 50 apiece. 
$42 50lpa1r, good condillon R-390A Rece~ver, 5-30 MHz all 
modes, 4 mechanical fllters, meters sealed (Government re- 
moved, operation unafiected). completelchecked $175, com- 
pletelunchecked $115, spare parts unlt (80% complete, 
mlsslng PTOlpower supply) $65 Info SASE CPRC-26 add 
$4lun1t sh~pping R-390A shlpplng charges collect. Baytronlcs, 
Dept. HR. Box 591. Sandusky. .OH 44870 Phone (419) 
627.0460 evenlngs 

--- 

CX7 REPAIRS. 414-549-9210 

LETTERING and text for QSL pasteup and label usage Stamp 
brlngs clrcutar Labelcraft, PO Box 412. W Sand Lake. NY 
12196 

CABLE TV EQUIPMENT. Jerrold. Hamlln. Zen~lh, many 
others. Factory un~ts/lowesl dealer prces. Complete Illustrated 
catalog $2.00 Paclflc Cable Co . lnc . 73251h Reseda Blvd.. 
Dept 1002, Reseda, CA 91335 (816) 346-5071 

~~ 

TENNATEST - Antenna nolse brldge - out-performs others, 
accurate. costs less, sat~sfactlon guaranteed, $41.00. Send 
Stamp for detalls. W8UUR. 1025 Wildwood Road. Quincy, MI 
49062 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radla Auslrla Canada 
Karln Ueber 
Po~lfeCh 2454 

Send orders to 

D 7850 Loerrach 
Ham Radta Magazlne 
Greenv~lle NH 03048 USA 

We$! Germany Prlcer 8" Canadlan funds 

Ham Radm Belgtum I yr  129 95 2 yrs 153 30 

Stereohouse 3 yrs 175  40 

Bf~~SeIEesteenwey 416 
B 9218 Gent Ham Radla Italy 

Bely~um V8a Pordenone 17 120132 Mtlano 
nam Radio Holland llaly 
Postbus 413 
NL 7800 A, Emmen Ham Radla Swllzerland 
Holland Kart" Ueber 

Po~t fach 2454 
Ham Radlo Eu r~pe  
Box 2084 

0 7850 Loerrach 
We51 Germany 

S 194 02 Upplands VaSby 
Sweden Ham Radlo England 
Ham Radla France oaRSGB 
SM Eleclronlc Alma House 
20 b1s Ave des Clarlons Cranbotne Road 
F 890M) Auxerre Pollers Bar 

France Hens EN6 U W  
England 

Ham Radlo Germany 
Kalln Ueber Holland Redlo 
Postfach 2454 143 Greenway 
D 7850 Loerrach 
West Germany 

Greenside Johannesburg 
Republic of Soulh Alrlca 

COMPUTERIZE YOUR IC720. Keyboard frequency entry, 64 
memories, scannlng (frequency, memory, and mode), many 
more features. Requires no interface, just cable - directions 
included. For Commodore 64. Cassette $14.75, disk $16.75. 
ppd. Cables also available. Dav~d Oliver, W9OOK. Rt 2. Box 
75A. Shelv~n, MN 56676. 

CUSTOM MADE embroidered patches. Any slze, shape. 
colors Five patch mlnimum. Free sample, prlces and order- 
Ing information Hein Specialties, Inc., Dept 301. 4202 N. 
Drake, Chlcago. IL 60618. 

DIGITAL AUTOMATIC DISPLAYS. All transceivers SIX 112" 
dig~ts 5" wide by 1-114" by 9" cablnet! Send $1 .OO for infor- 
mation. Grand Systems. PO6 2171, Blaine. Washington 
98230 Canadians VE7LB 

- - 

2500 VOLT POWER SUPPLY. From two N transformers, full 
wave 120 cycles Send $1 00 postage 8 handling for 
schematic You won't see thls one in any books. Leverne 
Kalor, Rt 1, Ogilv~e. MN 56358 

- -.- 

CUSTOM EMBROIDERED Emblems - Cloisonne' enameled 
pins, your des~gn, low minimum, excellent quallty, free booklet 
AT. Patch Co., Dept. 65, Llnleton, NH 03561 (603) 444-3423. 

SYNCHROS, all types. quallty Navy salvage, gears, bearlngs. 
excellent for beam pos~tion indication. SASE to Ted Stewart, 
2157 Braemar Road. Oakland. CA 94602 

WANTED: Nat~onal NC-1OlX. Will buy for cash or trade nlce 
HRO Sr For sale 75A4 Ser. No 1479 $225. Prefer pick-up 
Horace Goss, W2AB. Crosstrees Hill, Essex, CT 06426. Tel 
203-767-8485. 

- 

WANTED: Mono and early stereo tube HlFi equlpment. 
Marantz. Scott, Fisher. Ero.  Mclntosh. Dynaco, etc. Worklng 
or not, complete or parts. Jack Smith, 59 Mill Pond, N 
Andover. MA 01845. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
lo G.L. P~erce. 5521 Blrkdale Way. San Oiego. CA 92117. 
SASE brings information 

CHASSIS and cablnet kits. SASE K3IWK. 
-- .- 

IMRA, International Mission Radlo Association, helps mission- 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM 
Eastern Eight hundred Amateurs In 40 countries. Brother 
Frey. 1 Pryer Manor Road. Larchmont. NY 10538. 

ELECTRON TUBES: Receiving, transmitting. microwave . . 
all types ava~lable. Large stock. Next day delivery, most cases. 
Daily Electronlcs. PO Box 5029. Compton. CA 09224 (213) 
774-1255 

-. - - - - . 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 Includes journal 
index. P .0  Box RY. Cardifl. CA 92007 

RETAIL STORE belng liquidated by mall auctlon. Parts, tools. 
test equlpment, home supplies. SASE to ESI. Box 328, Mesa, 
AZ 85201 

Coming Events 

"Places to go ..." 
ILLINOIS: The DuPage Amateur Radio Club Hamfestl 
Computerfest. Sunday. July 14 Downers Grove Amer~can 
Leg~on Post 80 Gates open 8 AM Tlckets $3 00 avallable at 
the gate only Large outdoor flea market and swappers row 
Inside exhlblts avallable VEC exams Plenty of parklng Food 
and drlnk avallable Talk In on 146 52 s~mplex For Informa 
tlon SASE lo WSDUP. PO Box 71 Clarendon Hills IL 60514 
or call (312) 971 3294 8 AM to 9 PM 

PENNSYLVANIA: Harrisburg Annual Flrecracker Hamfest. 
Thursday. July 4 Sponsored by the Harrisburg RAC. Bressler 
F~re Co plcnlc grounds. Ex11 1 of 1 283 Nearby motels and 
restaurants. Plenty of parking. Shaded pavllllon wlth tables 
Free lallgating. Admission $3 00 XYL and klds free A test 
sesslon for hams wishlng to upgrade will be held nearby. Send 
check lor $4.00 payable to ARRL-VEC wlth FCC form 610 
Some limited walk-~ns For more details and table reservations. 
Dave. KC3MG. 131 Livlngston St. Swatara. PA 171 13 or (717) 
939-4957. 

-- . .- 

OHIO: The 21st annual Wood County Ham-A-Rama, Sunday. 
July 14, Wood County Falrgrounds, Bowling Green Gates 
open 8 AM. Free admission and parklng Trunk sales. Food 

available. Advance table rentals $5.00 to dealers only. Satur- 
day setup until 8 PM. K8TlH talk in on 147.18 repeater and 
.52. For more informalion or dealer rentals SASE to Wood 
County ARC. c/o Craig Henderson. N8DJB. 7368 Scotch 
Ridge Rd., Pembewille, OH 43450. 

MICHIGAN: The "85" U.P. Hamfest. July 27 and 28, St 
Francis de Sales S c h d .  Manistique. Friday evening Fish Fry. 
set and eyeball for early arrivals. Saturday 6 AM to 5 PM. Ban- 
quet 6:30 PM. Sunday 8 AM to 2 PM. Registration $3.50. 
Free baby sitting. Table space $3.00 per 4' table For 
more informatlon: Debb~e Barton, WDBIBT, 509 Range St.. 
Manislique, MI 49854. (906) 341-5694 after 3 PM - 
PENNSYLVANIA: The MURGAS ARC (K3YTL) will sponsor 
the annual W~lkes-Barre Harnfest, Sunday, July 7, rain or 
sh~ne. 109th FA Arrnoly, Market Street, Kingston (across the 
rlver from Wilkes-Barre). Set up 6 AM. General adm~ssion 8 
AM. Registration $3 00. Women and children under 16 free 
Tailgating $2.00 per space. Tables and commercial power 
avallable. Talk in on 146.011.61 and 52 slmplex. For further 
information wrlte: Hamfest Committee. PO Box 1094. Wdkes- 
Barre, PA 18703 or call (717) 388-6863. 

BRITISH COLUMBIA: The 33rd annual Pacific Northwest DX 
Convention. sponsored by the British Columbia OX Club. 
Saturday and Sunday. July 27 and 28, Rlchmond Inn. 
Richmond. British Columbia. DXers from all over the world 
wlll be here to visit, learn and swap stories about our favorite 
hobby. Send club rosters or labels for mailing to indlv~dual 
club members lor further details about the conventlon. The 
labels will be used only for this purpose. See you in British 
Columbia! Ken Thompson, VETBXG, Chairman, 12467- 53rd 
Avenue. Surrey. BC V3W 1A4 or Andy Ponzini. VE7AHA. 
Publicity, 4551 Arthur Drive, Della, BC V4K 2x4 

INDIANA: Slate ARRL Convention and Indianapolis Harnfest. 
Saturday and Sunday, July 13 and 14. Marlon County Fair- 
grounds, 1 74 and 1 465. Flea Market, commercial vendors, 
free camper facilities and hookup available on grounds. Motels 
nearby. Gates open 6 AM Tech forums. ARRL conventlon 
and banquet. Food sewice on grounds. Gate tlcket $5.00 gets 
free parking and more. For further informallon: Indianapolis 
Hamfest, PO Box 11776. Indianapolis, IN 46201 

1985 BLOSSOMLAND BLAST, Sunday, October 6, 1985. 
Write "BLAST", PO Box 175. St Joseph. MI 49085 

MAINE: The YL International Sideband System's annual Con- 
vention, June 27-30, SugarloaflUSA. Kingfield. Accommoda- 
tlons are avallable for reasonable rates RV parking. Besides 
the regular meetings. DX forum, etc there are planned tours 
of Rangeley Lake area and SugerbafIUSA. For complete 
details and registration packet send buslness SASE. 370 to. 
Phyllis Davls, KAIJC, PO Box 805, Presque Isle, ME 04769. 

NEW YORK: The Ml. Beacon Amateur Radio Club's Hamfest, 
Saturday, July 13. Arlington Senior High School. Pough- 
keepsie1Lagrange. Note date change. Doors open 8 AM 
Tickets $2.00 XYL and children free. Tailgating space $3.00 
(1 free admission). Table $4.00 (1 free table and admission). 
Auction 2 PM. Talk in on 146.37197 and 146.52. For ~nforma- 
lion. Julius Jones. WZIHY. RR2, Vanessa Ln, Staatsburg, NY 
12580 or call (914) 889-4933. 

INDIANA: The combined LaPorte-Michigan City Amateur 
Radio Clubs will sponsor Summer Harnfest. Sunday. July 14, 
at the LaPorte County Falrgrounds. State Road 2, West of 
LaPorte 8 AM to 2 PM Donation $3.00 at the gate Paved 
parking. Indoor tables by reservation 400lft to Box 30. LaPorte, 
IN 46350. 

WISCONSIN: The Aug Claire Amateur Rad~o Club will hold 
its annual Hamfest. Saturday. July 13. 4-H Buildings, Eau 
Claire. 8 AM to 4 PM. Free tables and coffee. Tickets $2.00 
In advance. $3.00 at door. Talk tn on 31/91 and 52 simplex. 
For info, tickets, SASE to Gene Lieberg. KA9DWH. 2840 
Saturn Avenue. Eau Clalre. WI 54703. -- 
OHIO: The Lancaster and Fairfield County Amateur Radio 
Club's annual Hamfest, Sunday, July 14, Fairfield County 
Falrgrounds 8 AM to 4 PM In memory of WB8VOA. Ad- 
mlsslon $3.00 advance. $4.00 at door. Tables $4.00 advance. 
$5.00 at door. Table space $3.00 advance. $4.00/door. Talk 
In on 147.03163 or 146 52 slmplex. Refreshments available. 
Plenty of parking For more information wrlte Lancaster ARC. 
Box #3, Lancaster, Oh10 43130 

OHIO: The t l t h  annual Hall of Fame Hamfest presented 
by WBZX. Tusco ARC and WEAL, Canton ARC. July 14, 
Nimlshillen Grange, 6461 Easton Street in Louisville Reglstra- 
tlon $2 50Iadv. $3 OOldoor Moblle check in 146 52/52 and 
147.71112 call WBZX. Large flea market, dealers, forums and 
more. Flea market parklng $2.00 per vehicle. Deadline for 
table reservations IS July 1 For more informatlon or reserva- 
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tlons: WABSHP. Butch Lebdd. 10877 Hazelv~ew Ave.. 
Alliance. Ohio 44601. (216) 821-8794. 

-- 

WISCONSIN: The Oshkosh Amateur Radio Club in conjunc- 
ton wllh the S.0 L.A.R. Assn. will hosl EAA hams for the 1985 
convention, July 26 - August 2. Stop and rest, charge your 
baneries, leave messages, elc at the EAA Ham Shack located 
at the north end of the commercial exhlbit area. Look for Ihe 
red and wh~te ARRL flag. On Saturday, July 27 at 3 PM, there 
will be a gathering for all EAA hams hosted by the Oshkosh 
ARC. We'll be serving bratwurst, burgers and refreshments 
free of charge. Bring your wives and kids. You're in lor a treat1 
For further info- Forest Schafer. WD9IWL. 417 Wlllow St., 
Omro. WI 54963 

KENTUCKY: The Northern Kentucky Amaleur Radlo Club's 
"Hamorama ' 8 5 .  June 15 and 16. Best Western Vegas Con- 
ventlon Center, Erlanger. All indoors, alr-conditioned and free 
parking. Vendor set up Fr~day evenlng. June 14 after 8 PM 
Flea market set up after 6 AM both Saturday and Sunday 
General admission 8 AM. Adm~ssion for both days $5 00 per 
person Entlre family for $8 00. Chlldren under 16 tree Flea 
market tables $5.00 each lor entlre weekend Talk In on 
147 861.26 or 147 97% 375 FM mformat~on- John A Thernes. 
WM4T. VP. NKART. 60 Locust Avenue. Covington. KY 41017. 
(513) 397-7425 days or (606) 331-0331 evenings. 

MONTANA: The tYARS of Eastern Montana w~l l  hold the 
annual Fathers Day PlcnlC. June 16. Nat~onal Guard Armory 
a1 the Glendlve Falrgrounds Reglstratlon at 8 AM Potluck 
at 1 PM Llcenslng exams are tentative pendlng Interest 
Camplng hookups ava~lable For ~nlormallon contact Dave 
Bruen~. KC7AA, 215 Th~rd St H P Glendlve. MT 59330 

WASHINGTON: The Apple C~ty Amateur Radlo Club's 
Hamfest. June 8 and 9. Rocky Reach Dam. 7 mlles north of 
Wenatchee Reglslral~on Amateurs $5 00, olhers $1 00 under 
12 lree Banquel dlnner $7 00 per person by June 3 Talk In 
146 07/67 or 146 49 slmplex For molelld~nner reservallons 
contact anv Wenatchee ham 

-- 

NEW JERSEY: The Rartlan Valley Radlo Club w~ll hold 11s 14th 
annual Hamfesl, Saturday. June 15. Columbla Park, Dunellen 
Gates open 8 30 AM Sellers spots $5 00 each no tables 
suppl~ed Lookers $2 00 donallon Refreshment stand Talk 
In on club repeater WSQWIR 146 0251 625 and 146 52 
simplex Advance tlckets may be purchased from any club 
member For further lnformatlon call Jack. W2lWK at (201) 
756-2546 or Ted. W82TKU (201) 725-3481 between 10 AM 
and 10 PM 

VIRGINIA: The Old Vlrglnia Hams ARC announces its 1 l th  
annual Manassas Hamfest, June 2, Prlnce William County 
Falrgrounds, off Rt 234 112 mole south of Manassas. Gates 
open 8 AM Tailgate setup 7 AM Admiss~on $4. under 12 free. 
Tailgatem (63.00 per space extra. YL program CW prolc~ency 
awards. For informat~on. Art Whlttum. WlCRO, c/o Ole 
Virginia Hams ARC. PO Box 1255. Manassas. VA 221 10. Tel 
(703) 361 -481 9. - 
MASSACHUSETTS: The ARRL Heavy Hltlers Hamfesl, July 
20 and 21. Topsf~eld Fa~rgrounds, US Route 1. Topsf~eld. In- 
doorloutdoor flea markel, food concessions. commercial ex- 
hib~tors. ARRL forum. AMSAT show. CW and QSL contests. 
xmltter and rcver hunts. ATV demo, packet radio and musical 
coffeehouse (BY0 Instruments) Acl~vit~es for non-hams 
License exams, send completed Form 610. photocopy of cur- 
rent llcense and check lor $4 00 payable lo ARRUVEC lo' 
Topsfield Exams. c/o PO Box 71. Hanover. MA 02339 by June 
20. Enclose SASE Sorry no Novice exams. Free Salurday 
nlte camping for tents and selfcontalned RV's Nearby motels 
Advance tickets $3 00 $4 OOIdoor Non-ham soouses and 
chlldren lree Send check and SASE lo heavy H~ners Hamlesl. 
PO Box 41 I .  Waltham. MA 02254 For more ~nlormatlon con- 
tacl Russ Corkum WAITTV 21 Thorndlke Street. Arlington 
MA 02174 Proceeds to beneflt open Waltham repeaters. 
Handl-Hams and the Jlmmy Fund Talk In on 146 64 and 
147 285 

THE CENTRAL OKLAHOMA COLOR OWNERS, a 278 
member Radio Shack Color Computer users group, meets the 
second Saturday of each month at 9 AM at 10th Street and 
Hudson In Oklahoma City. The Club operates "COCONET". 
an open forum bulletin board system which can be reached 
at (405) 376-1494 24 hours a day. 7 days a week The system 
contains COCO and FLEX operating system programs for 
download w~th no user connect fees 

WEST VIRGINIA: Wheellng Hamfest and Computer Falr. 
Wheelrng Park. Sunday. July 21 Dealers welcome Flea 
market ARRL AMSAT SWOT SMIRK booths Famtlv ac- 
llvllles avallable at Park Admlss~on $3 00 To reserve space 
contacl Jay Paulovlcks. KD8GL RD 3. Box 238 Wheellng 
WV 26003 (304) 232-6796 or TSRAC Box 240 RD 1 Adena 
OH 43901 (61 4) 546-3930 - -- 
ILLINOIS: The Egyptlan Radlo Club s annual Hamfest Sun 
day, June 9 .8  AM to 3 PM at ERC clubhouse and grounds 
Free flea market space, approx 10 avallable on flrst come 
llrst served basls Addltlonal spaces $5 00 T~ckets $1 00 ad 
vance 52 OOIdoor or 3/55 Talk In on 146 16/76 or 146152 

I 4  250. 21.360. 28 550. CW - 50 kHz up from lower band 
edge. QSL for business SASE to: K7YPT. PO Box T, 
Tornngton. WY 82240 

The Nazarene Amateur Radlo Fellowship (NARF) wlll 
operate WAOHPWl6 to commemorate NARF's 25th annl- 
versary durlng the General Assembly of the Church of the 
Nazarene in Anaheim. CA lrom June 22 to June 29. Frequen- 
cies will be 14.280. 14.305 and 21385 during dayllte hours 
There will be some 40 m activlty For a special OSL card, send 
SASE to WBGUCO. Robert Buck, 5162 W. Ave. L 12. Quartz 
Hill. CA 93534. 

Colombian Independence Contest 1985. Saturday. July 13. 
OOOO GMT to Sunday. July. 14 2359 GMT CW and phone. 
1.8 thru 28. Exhange S~gnal report + serlal number Logs 
should be mailed no later than August 30. 1985 to L C.R A . 
c/o Direcc~on de Concursos y Diplomas. Apartado Aereo 584. 
Bogota, Colomb~a. Sur Amerlca. 

The Hannibal Amateur Radio Club will agaln be celebrating 
Nat~onal Tom Sawyer Days. In honor of Mark Twaln's boyhood 
home town Hannibal. MO. Saturday. July 6 and Sunday. July 
7 1500-2100 UTC both days. Llsten for WOKEM. For a cer- 
tthcale send large SASE and your QSL card confirming con- 
lac1 lo Hann~bal ARC. 2108 Orchard Avenue, Hann~bal. MO 
63401 

SAY YOU SAW IT 
IN 

HAM RADIO 

- -- slmolex For lnformatlon SASE to Eqvpllan Radlo Club PO I hGfore vou move and we w l l l  make Sure  I 
CALIFORNIA: The Satell~te Amateur Rad~o Club wlll have 11s B~~ 562, ~~~~~t~ city, IL 6m40 

- 
annual Swapfest and Barbeque. Un~on 011 Plcnlc Grounds, --- 
south of Sanla Marla, on Father's Day. June 16 General ad C a  CONTEST: VHF'ers please note1 The flrst annual CO 
mlssmn 9 AM and the Barbeaue will be served at 1 PM Dlnner World W~de VHF WPX Conlest IS Julv 20-22. 50 lhru 1296 

- -  - - 
y o u r  HAM RADIO Magazine arrives on 
s c h e d u l e .  Just remove t h e  mailing label 
from t h ~ s  magazine and affix b e l o w .  

and tlckets adults $7 95, chlldren 6 12 $3 50 Chlldren under MHZ For details logsheets etc wrlie to SCORE PO BOX T h e n  complete your new address (Or a n y  
6 free Swap spaces $3 50 each For ~nformatlon. tlckels or I 161 Denvllle. NJ 07834 or to CQ Magazlne We need your o t h e r  corrections) In the S p a c e  provlded 
reserved tables wrlte Satell~te ARC Swaplest PO Box 1753, entry to make thls a success and w e ' l l  take care o f  t h e  rest 
Santa Maria. CA 93456 I L-- 

General admission $1.00 per person Sellers $5 00 brmg own 
table or tailgate. Commercial displays welcome Refreshments 
available. Talk In on 146.52 FM For further ~nformatlon Doug 
A~ken, K1 WPM (603) 622-0831 or Peat Henriksen, WAlRCF. 
123 Woodtawn Clrcle, Portsmouth, NH 03801 (603) 431-5432 

-- 

WYOMING: The Great Plains Repeater Associat~on and the 
High Plains Amaleur Radio Club are jointly sponsoring the 
1985 Wyoming Hamfesl. July 12. 13. and 14. Wyomlng State 
Falrgrounds In Douglas. Distributor daplays, indoor flea 
market, tables available License exams, seminars, auctlon. 
banquet, breaklast and more Ample RV parking wlout 
hookups. Plenty of motels. For informalimn and money savlng 
advance registration SASE lo Doug DesEnfants. WA7WXO. 
North Star Route. Torr~ngton. WY 82240 

- 

OREGON: The Northwest Dlvis~on of the Mercury Amateur 
Radio Association will hosl the flrst annual MARA convention 
at Camp Ester Applegate. near Klamath Falls. June 20. 21 
and 22. MARA will operate special event station W7UFM In 
conjunction with this evenl from m 2 .  June 20 to 24002 June 
22. For a special commemorative QST send large SASE to 
MARA. c/o Jack Jakoubek. KD7EZ, 477 Deep Creek Road. 
Chelhalls, WA 98532. 

OHIO: The Mag~c Valley Chapter of the Idaho Socity of Radio 
Amateurs will host a Swapmeet on Saturday, June 15 from 
9 AM to 5 PM at the Moose Lodge, 835 Falls Avenue, Twln 
Falls. Free admission. Swap tables $2.00. All ~ndoors. FCC 
exams and ARRL reps Talk In on 16/76. For further inlo write 
to PO Box 294. Twin Falls, ID 83303 

Colorado Six Meter Invitational Net Conlest, OOOOZ July 4 
through 03002 July 5 Exhange slgnal report. state. name and 
SIN number Send SASE and log extracts for awards to 
WOETT, PO Box 6602, Denver, CO 80206 wlthln 30 days of 
contest 

----- 

The Cape Fear Amateur Radio Society, of Fayeltevllle. NC 
will operate WA4YZF from 8-5 PM EDST around 7 235 MHz 
on Saturday, June 15 from the 17th annual Natlonal Holler~n' 
Contest in Spivey's Corner. NC Certificate avallable upon 
recelpl of your OSL along wllh $1 00 to help cover prlntlng 
and postage Send to Hollerln', WAILZD, PO Box 332, Dunn, 
NC 28334 Allow 4 weeks for dellvery 

- 

The Tusco Amateur Radio Club. WBZX, wlll operale lrom 
Fort Laurens Ohlo State Memorlal In conlunctlon wlth the 
Br~gade of Ihe Amerlcan Revolution's re-enactment of 18th 
century mil~tary encampment 14002 June 29 through 22002 
June 30. Spec~al commemorative conf~rmation w~ll be Issued 
Send legal SASE (3 IRC's lor DX) and OSO Info to Willlam 
K. MacNealy. WDBLFM. RRX 1 DRH. Bolivar. OH 44612 

WEST COAST 160 Bulletin Summer SSB Contest SSB July 
13 lo July 14. TimeOOOO GMT7113185 lo 2359 GMT 7114185. 
Slngle operator only. Exchange RST. QTH Class: subscrlbers. 
non subscreers. Log ~nfo: date, tlme, rst, OTH Send logs to. 
R Kormmkowski, 5 Watson Drive. Portsmouth, RI 02871 prlor 
to August 31. 1985 

- 

High PIalns ARC will operate K7YPT at Hlstorlc Fori Laramle 
from 00002 July 4 until 00002 July 5 Phone - 3.850. 7 250. 

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

L-J  

LABEL 
c 

r-7 
I 
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products 

IC- 3200A dual bander 
ICOM has announced the IC-3200A 25wan  

compact full-featured Dual Bander. With only 
14 front panel controls, the IC-3200A is simple 
to use, yet offers these standard features: fre- 
quency coverage from 140.000 to 150.000 MHz 
on 2 meters and from 440.000 to 450.000 MHz 
on 70 cm; 5 kHz fully programmable offsets for 
MARS and CAP repeater operation; and 25 
watts output on both bands. Its size is 5112 x 

2 x 8-1 12 inches. The unit also includes memory 
lockout and scanning capability. The price is 
$549. 

For further information, contact ICOM 
America. Inc., 2380 116th Avenue, N.E.. Belle- 
vue. Washington 98004. 

Circle 1301 on Reader Sewice Card. 

new Heathkit catalog 
Over 400 electronic products in kit form, in- 

cluding the new HEROe'JR. home robot, are 
featured in the latest Heathkit catalog. 

HERO JR., the home and personal robot, is 
fully preprogrammed with speech output, light 
and sound sensors, and ultrasonic sonar, drive 
and steering motors, and an on-board computer 
system. He sings songs, plays games, recites 
nursery rhymes and can act as a security device 
and wake-up alarm. 

The new GT-2218 HOTSHOT dialer is a uni- 
que one-number telephone dialer that quickly 
dials any telephone number up to 31 digits. It 
permits the use of alternate long distance ser- 
vice without the use of lengthy 13-digit phone 
and billing numbers and also allows an emer- 
gency number to be dialed by simply picking up 
the phone. The HOTSHOT features an easy-to- 
program memory that doesn't require battery 
backup since it is manually programmed. 

Two new courses have also been added to the 
educational product line up: the EC-2001 Com- 
puter Fundamentals Course and the EE-1003 
Analog Circuit Design Course. 

For a free copy of the new Heathkit catalog, 
contact Heath Company. Dept. 150-510, Benton 
Harbor, Michigan 49022. (In Canada, contact 
Heath Company, 1020 Islington Avenue. Dept. 
3100, Toronto, Ontario M8Z 523.) 

Circle CJM on Reader Sewice Card. 

computer interface 
communications terminal 

Amateur-Wholesale Electronics has 
announced its new B - 7 7 7  computer-interface 
terminal, featuring RlTY, bit inversion. AMTOR 
modes ARQ, FEC and SEL-FEC. ASCll and CW, 
any speed, any shift (ASCII and BAUDOT). 

The 0-777 is a self-contained unit, with soft- 
ware, that allows reception and transmission 
with any computer or terminal that has RS232 
or TTL 110. The 0-77? automatically decodes 
signals and displays mode, speed, and polarity 
on the CRT. Operation is simplified by the use 
of 28 Bar-LEDs and LEDs including a bar-graph 
tuning indicator that allows precise centering of 
received signals. 

In BAUDOT and ASCll modes, communica- 
tions speed can be set from 12 to 200 baud using 
the modem, or 12 to  600 baud using TTL level. 
RS232 or TTL level data connection is 100-2400 
baud (ASCII) or 45.5200 baud (BAUDOT). 
Morse speed can be varied from 5 to 100 WPM 
in 1-WPM increments and is fully autotrack on 
receive. 

The 0.777, which measures 2-112 x 9 x 10 
inches, operates from a power supply of 11 to  
14 volts DC. 

For more information, contact Amateur M o b  
sale Electronics. Inc., 8817 S.W. 129 Terrace. 
Miami, Florida 33176. 

Circle t303 on Reader Sewice Card. 

digital FSK data modules 
With packet radio and other forms of digital 

data communications becoming so popular, 
Hamtronics, Inc. has announced two new mod- 
ules to its line of VHF and UHF FM transmitters, 
receivers, and accessories. The new modules 
provide for data interface with radio equipment 
using the popular "202" modem format (12001 
2200 Hz tones) at data rates up to 1200 baud on 

ordinary NBFM channels. In addition to modulat- 
ing and demodulating the data pulses, these 
modules provide transmitter keying and full 
handshake facilities. 

The MO-202 FSK Data Modulator is a PC 
board module measuring only 1.718 x 4 inches. 
I t  automatically keys the transmitter in response 
to a "request to send" input from the computer. 
and i t  provides a "clear to send" handshake 25 
milliseconds later, after the transmitter and 
receiver have had time to reqmnd. Relative levels 
of the 1200 and 2200 Hz space and mark tones 
are equalized to compensate for the EIA pre- 
emphasis in the transmitter for maximum signal 
range. The MO-202 is only $45 in kit form, and 
is easy to  assemble and interface with 
Hamtronics" and other FM transmitters or 
transceivers. 

The DE-202 FSK Data Demodulator is a PC 
board module measuring only 1-112 x 4 inches. 
I t  can be used with any FM receiver or trans- 
ceiver to detect FSK transmissions and automati- 
cally provide a "receiver carrier detect" hand- 
shake to the computer when mark or space 
tones are present. A special frequency compen- 
sation circuit levels the two tones coming from 
the receiver to allow for maximum weak signal 
response. The DE-202 kit is only $38. 

For further information, contact Hamtronics, 
Inc., 65-F Moul Road, Hilton. New York 
14468-9535. 

Circle n16 on Reader Sewice Card. 

frequency list 
Dennis Peterson, N7CKD. Publisher of West 

Coast 160 DX Bulletin has just released the 1985 
edition of the World Top Band Frequency Alloca- 
tions Listing. This comprehensive list includes 
both CW and SSB ftequency allocationsfor 240 
of the 315 current DXCC countries, listed in the 
DXCC format. The list can also be used as a 160- 
meter DXCC check sheet. U.S. price is $5.50 (via 
first-class mail) and $7.50 overseas (airmaill. 

For more information, contact Dennis 
Peterson, N7CKD. 4248 A Street. Space 609. 
Auburn. Washington 98002. 

Circle 03M on Reader Sewice Card. 

station manager 
Station ManagerlAdvanced is a software 

system that utilizes micro computer technology 
to fulfill the information processing needs of an 
Amateur Radio station. Centered around the tra- 
ditional station log, Station Manager1 Advanced 
enables the Radio Amateur to handle the routine 
requirements of keeping accurate station activity 
records with maximum efficiency as well as in- 
stantly extracting information from the station's 
logs that would not be readily available using 
conventional manual methods. I t  also provides 
the user with the capability to  easily manage 
several concurrent logs and a comorehensive 
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method for logging contacts and maintaining log 
entries. 

Station ManagerIAdvanced is designed to run 
on an IBM PC Jr., PC, or XT. Menu-driven and 
completely interactive, it prompts the user for 
all required input. Messages are displayed to indi- 
cate significant processing events and error con- 
ditions. Log entries are entered via the system 
keyboard through a prompt-driven input pro- 
gram. Once entered, log entries may be edited 
or deleted as required. The user may query the 
log entries in one of several ways. The results 
are displayed on the system console screen. A 
separate facility allows the user to print a vari- 
ety of reports on the system printer. An addi 
tional feature is a special interactive update pro- 
gramto support QSL activities. 

Station ManagerlAdvanced is the core of a 
planned series of software systems to enhance 
rhe enjoyment of your Amateur activities: to 
harness the power of the computer and bring 
your station records into the information age. 

For more informatton, contact Omega Con- 
cepts, Inc., P. 0. Box 615, Troy, Ohio 45363. 

Circle CX)5 on Reader Service Card. 

new handhelds 
Two new radios are available from SANTEC: 

the ST-200ET (2 meters) and the ST-WET I70 
cml. Both are easy to use, thumbwheel fre- 
quency switched units designed to be compati- 
ble with accessories for handhelds you may 
already own. Both are backed by a comprehen- 
sive two-year extended service plan from 
ENCOMM. 

The ST-2OOET is priced at 5199.95 and the 
ST-WET at $249.95. 

For more information, contact ENCOMM, 
2000 Avenue G, Suite &00, Plano, Texas 75074. 

Circle m6 on Reader Service Card. 

bench-style DMM 
North American SOAR Corp. has announced 

its Model 54304-1 12-digit multi-function bench- 
style OMM. Microprocessor controlled using 

SOAR Corporation's Custom LSI Chip Set, the 
5430 is a 25.000-count DMM that enables users 
to obtain greater resolution than possible with 
ordinary 20,000 count units presently available. 

Priced at $599. Model 5430 offers features pre- 
viously unavailable in any other 4-112-digit 
DMM. It can measure DC voltage & 0.03 per- 
cent, true RMS AC voltage and current to 80 
kHz, DC current and resistance from 0.01 ohms 
through 25 megohms. The 5430 is a dual-input 
frequency counter with resolution to 0.001 Hz. 
DC coupled to 10 MHz, it features period func- 
tion as well. The input frequency can be atten- 
uated from 1:l to 1:1000. Temperature measure- 
ments can be made using a "K" type thermo- 
couple ranging from 2 0 0  degrees C to 1200 
degrees C with degrees F selectable. Decihel 
measurements from +60 dBm to - 50 dBm with 
frequencies up to 80 kHz. 

Special features include diode test, continuity 
beeper, data hold, peak hold with a DC acquisi- 
tion time of 5 milliseconds and AC of 250 milli- 
seconds; relative test. 3-112 digit select for fast 
survey measurements, and a comparator circuit 
for making Go, NO-Go tests, with comparator 
data output via a rear panel connector. All func- 
tions and ranges are touch-key selectable. 

For further information. contact North 
American SOAR Corp.. 1126 Cornell Avenue, 
Cherry Hill. New Jersey 08002. 

Circle IJm on Reader Service Card. 

solar panels 
The ENCON Corporation has announced the 

release of three new photovoltaic panels: the 
SX-38. SX-42, and the SX-146 dual voltage- 
semicrystalline PV modules. 

The solar cells are manufactured from semi- 
crystalline silicon, a material developed by 
Solarex specifically for use in photovoltaic 
devices. Cells made from this material are highly 
efficient, stable, attractive, and inherently resis- 
tant to the "hot-spot" damage that can affect 
single-crystal cell under reverse-bias conditions. 

Cell strings are laminated between sheets of 
ethylene vinyl acetate (EVA), Tedlar."' and a 
sheet of 1 /&inch rempered lo&-iron glass. This 
glass is self-cleaning in most climates, retains its 
excellent transmissivity indefinitely, and is ex- 
tremely resistant to mechanical stress, including 
impact of hail up to 314-inch in diameter at ter- 
minal velocity. Furthermore, its temperature 
coefficient of expansion is well matched to  the 
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Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
,Accuracy +/- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ % 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 

Complnely assembled L ready lo use Commerctal qualtly. 
bull1 10 lasl -LlQhlweqht sealed, wealherprwf traps 
-AY~O~IIIC band s w ~ f c h ~ n ~  Lou loss und ~nsulalors Handles 
up to 2WO wans PEP - For all transmders, receivers b 
lranrce~vers - Tuner usually never requlred -Oeluxe cenlel In. 
sulalor, wth bull1 In I~~hlnlng arrslot, accepls PL.259 coax 
conneclor -May be used as mvened "V" - Excellenl lor all 
class maleurs . lnnrucl~ons lncluded . 10 day money back 

5-Band-B0.40 20.15.10mners (105') 2 lrsps1D52S59 95PPD 
SHIPPED WSTPAlDl READY TO USE1 

W n. RGYIU. 52 ohm c o n  cable, wllh PL.259 connector on 
each end - Add 512 W to above Dllce 

lnlmdw~ng the MICRO REPEAIEI I  LONTR(XLER RPT-a ,  snarr 
concepl an LOW COST EASY TO INTERFACE, mlClOCOmpulOl 
repator control ~ s p i s c e  ad ly boards wsth a state 01 #he no 
m#crrrnnpu!n! !hat adds NEW EAIURES. HIGH RELIABILITY. 
LOW WWER SMALL S12F and FULL DOCUMENTATION lo you8 
Syllsm Olrscl lnterlacr ldlm 10) wllh marl repalerr  Delnlled In- 
Isr(a ~nlamaino <nc luM Ocylnai MlCtlO REPEATER CONTROL 
BrllClC Iellured ~n OST I* 1083 

Hwnnlqrrdllr COR lopt~l 
, ,#,I, c ,I,, ?,I, PI1 ,,!,?!,X6. 
Sm. Wlwr Ion G~,rr.alot 
LOW r o w r  9 1 5  YLT ar 100 
q,..,. 7 =,,' " 3 '.,, 

I RPT-2A Kit Oolv $119 olus 53 W shloolno I 

I PROCESSOR CONCEPTS 
P 0 BOX I 8 5  
FORT ATKINSON. WI 53538 
(414) 563 4962 rpm.10pm evenunqs 

CALL OR WRllt FOR FREE CATALOG AND SPfClllCA1lIlll!~ 

1 ARRL 
TECH-GENERAL 

LICENSE MANUAL 
Written in an easy to read and 
understand style, this is the guide 
you need for your TechlGeneral 
studying. FCC questions with com- 
plete answers (c11985. 1st edition. 
UAR-TG SoRbound $5.00 
Please add $2 50 for shipp~ng and handling 

ham - r 
radro.,,- BOOKSTORE 

Greenville, NH 03048 

,6!$ +6! 
b 8 i  b & <& 

Keep those valuable 
issues ol Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Bind 'em 
together and enjoy 
for years to come. 
You'll be happy you 
did! 

H A M  RADIO BINDERS 
Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col- 
lection of Ham Radio. Year 
stickers included. 
OHR-BDL $6.95 ea. 

3 for $17.95 
Please add $2.50 for sh~pplng 

and handl~ng. U.S. only. 

H A M  RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 

products 

cells: this matching and the stress-relieved elec- 
trical cell connections ensures excellent service 
even in climates with severe daily temperature 
ranges. 

The module is framed with corrosion-resistant 
extruded aluminum sections with an architectural 
grade anodized finish. This strong, attractive 
framing and laminating is moisture resistant and 
accepts compatible mounting hardware. 

The typical peaks power outputs for the new 
SX series modules are as follows: 

SX-38 40 watts, 16.2 VDC at 2.5 amperes 
SX-42 43 watts, 16.5 VOC at 2.6 amperes 
SX-146 47 watts, 18 VOC at 2.6 amperes 

Panels can be wired for 6 VDC with a doubling 
of current output. 

ENCON photovoltaic systems can be used for 
large or small Amateur Radio projects, repeater 
stations, computer back-up supplies. TVRO, 
cellular radio, as well as residential and commer- 
cia1 applications. 

For more information, contact Paul Denapoli. 
WD8AH0, at ENCON Photovoltaics, 27MX) 
Schoolcraft, Livonia. Michigan 48150. 

Circle TJ09 on Reader Service Card. 

block downconversion 
accessories 

LUXOR North America Corp, has introduced 
four new block dohnconversion accessories for 
use with i n  Mark 2 Block Satellite Receiver. The 
four DC-passing accessories include a V/H (ver- 
ticallhorizontal) switch, power divider, line 
amplifier, and 10-dB signal attenuator. 

Early S N  systems used downconverters, 
mounted at the antenna, that sent to the receiver 
only a single channel from the satellite at which 
the antenna was aimed. LUXOR'S new "block" 
system permits all channels (transponder signals1 
on a selected satellite to be cabled into the home 
at once. This allows simultaneous use of multi- 
ple block receivers tuned to different channels. 
Thus. using a shared antenna, an unlimited 
number of Mark 2 Block Receivers supporting 
TV sets in four different locations can be in- 
dividually tuned to any channel available on a 
given satellite. 

To split the incoming satellite signal between 
up to four receivers, each port of LUXOR'S 
Model 9758 4-way DC-Passing Power Divider 
passes direct current from the receiver to the 
LNB at the antenna, allowing full flexibility in 
switching receivers on and off. By cascading 
several Model 9758 splitters, an unlimited 
"mber of receivers can be hooked up to the 
same antenna. 



The Model 9759 DC-Passing Line Amplifier 
amplifies the signal 20 dB to increase antenna- 
to-receiver cable length or the number of 
receivers served by one satellite antenna. Add- 
ing one amplifier allows approximately 200 more 
feet of RG6 cable. 

The Model 9760 DC-Passing 10-dB Signal 
Attenuator is designed to reduce signal level for 
a short run in a system that required higher signal 
levels elsewhere. 

LUXOR'S new block downconvesion systems 
can be used in homes with multiple viewers who 
have diiering tastes in programming, in multiple- 
family dwellings, and in SMATV (Satellite Master 
Antenna Television) applications. 

For more information, contact LUXOR North 
Amesca Corp., 600 108th Avenue, N.E., Suite 
539. Bellevue, Washington 98004. 

Circle 1310 on Reader Sewice Card. 

"G.I." mechanics tool bag 
The legendary "G.I." Mechanics' Tool Bags 

are now available from Jensen Tools in a more 
durable fabric (Cordura"' nylon) but with the 
same expandability and appeal as the old canvas 
duck models. The bags retain the traditional 
green color, over-sized metal zippers, and heavy- 
duty web straps of the originals. Two large 
pockets on the outside are divided into three 
handy compartments each, and close with indus- 
trial strength snaps. Eight interior pouches in the 

main compartment serve to organize and protect 
small tools and parts. 

For more information and a free catalog of 
hard-to-find tools, tool kits and cases, contact 
Jensen Tools Inc.. 7815 S. 46th Street, Phoenix, 
Arizona 85040. 

Circle 1311 on Reader Service Card. 

Kenwood TR-50 transceiver 
The Kenwood TR-50 is a battery pack 

mobilelportable 1200 MHz FM transceiver that 
covers from 1260 to 1300 MHz with a 1-watt out- 
put transmitter, It features repeater offset with 
reverse switch, five memory channels, program- 
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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 OX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14.00 
USA. Canada & Mexico. 
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I CEand40.20.l5.10 meters (27 ) l I r i l p W M l  I 
I $39 95 PIUS 14 W shlpplng 

5.Eand40.40.M 15.10 melen (52') 2 IraDS WS52 
141 95 nlus 14 W ShlOOlnO I 

C~rnpletely assemble4 and ready lo uset 
-Commercfal ouallly. bu~lt lo lasl -Llghl. 
wemht sealed w ~ a l h e r o r ~ l  lraolsl 
-LO; loss  en^ #ns~lalo! uandles up lo 
2 0 ~  wans Pf P - A~~lomalcc band SWII- 
chlnp -For all Innsmlners, receivers 6 
lranscelven -Tuner usually never re. 
("#red - Deluxe end leed conneclor. W h  
bull1 m I!ghln~np arreslor. accepls PL-259 
coax connecto! -Use as slow' of ventcal 
- Permanent or ponahle use Easy lo In- 
nall .Can w used v~lhoul radcals - Al. 
laches to almost any suppan -Excellent 
lor a11 c l s s  amaleuts lnstruct~ons In. 
eluded -10 day monepback guaranted" 

I 50 ri i . 5 8 ~ .  52 oh icdax cable wnh PL.259 m n e n o r  on I 

I eacn end - add IB ul lo above pnce 
we accepl VlSPJMC - gwe Card#. Erp dae. Sonature # 1M I 

SPI.RO DISTRIBUTORS. I Room 103 I' 0 Box 1 5 3  
I 4 Hendersonv~lle NC 28793 

AZOTIC INDUSTRIES 
2026 W. BELMONT 
CHICAGO.IL60618 

31 2-975-1290 

ELECTRONlC COMPONENTS & SUPPLIES 
RF C O N N E C T O R S  . I D C  C O N N E C T O R S  

U G  C O N N E C T O R S  . D - S I J B M I N I A T U R E  

A U D I O  C O N N E C T O R S  TEST E O U l P  
L I N E A R  I C  S . T R A N S I S T O R S  . D I G I T A L  l C  S . D I O D E S  . T R A N S F O R M E R S  T R I M  C A P S  

M E T E R S  R E L A Y S  

C O M P U T E R  C A B L E S  S W I T C H E S  
D I S K E T T E S  T O O L S  

WRITE FOR FREE CATALOG 
VISIT OUR RETAIL STORE 

HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

312-975-1290 , 194 
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MICROWAVE EQUIPMENT 
RMSG Manual Tuned 
SIGNAL GENERATOR a 
.2 to  2  MW + 12 VDC 

I 3 7 d 2 G H z  150 W 
-m 

3 2 1 2 2 C H z  160 W ' I 

5 2 3  2 4 S G H z  S 6 0 W  

RMVO Voltage Tuned OsClllatOr 
1 to  i o M W  +12 VDC B i a s *  

-1 to  -12 VDC Tuning On PC Board 

1 1 8  2 6 G H z  t2SOO 

Also Defectors. L ~ n e  Strelchers. Var~able 
Aflenuators. 2 3 GHz Test Anlennas. 
M~xers. LNA's and Converters 

ROENSCH MICROWAVE 
R R I BOX 1568. 
BROOKFIELO MISSOURI 84628 V 195 

products 

mable scanning, memory scan, a priority alert 
function, and RIT. "Odd splits" operation is 
possible using memory channel 5. The multi- 
function LCD panel indicates frequency. VFD 
AIB, repeater offset. SlRFlbattery condition. 
and other keyboard functions. 

The TR-50 comes complete with a recharge- 
able battery set and charger, shoulder strap, 
lakey DTMF hand microphone, and an antenna 
on an adjustable mount. An external power cable 
is also included for mobile or base station supply 
operation. 

For further information, contact Trio- 
Kenwood Communications, 111 1 West Walnut 
Street. Compton, California 90220. 

computerized DX EDGEB 
Xantek has announced the availability of the 

DX EDGE" for the Commodore 64'" personal 
computer. With the new version, users of the 
Commodore 64'" will be able to see on-screen 
display of optimum QSO and reception pos- 
sibilities, the Gray Line, sunrise and sunset times. 
and areas of the world in daylight and darkness. 
The display is a graphic presentation showing 
a detailed world map, not just a set of numbers. 

The computerized DX EDGE gives all the DX 
advantages of the original plastic version, and 
additional flexibility as well. The DX EDGE finds 
unusual long range propagation paths by show- 
ing all the locations in the world where the sun 
is rising and setting at any time of year and time 
of day. (Excellent DX conditions often occur at 
these times.) 

Easy to use. the DX EDGE works for all bands 
from 1.8 to 30 MHz. DX EDGE for the Com- 
modore 64 is priced at $34.95. A single disk 
and full instructions are included. 

For additional information, contact Xantek. 
Inc., P.O. Box 834, Madison Square Station, 
New York. New York 10159. 



predicting 
equipment failures 
As  electronic equipment becomes 
more complex, so too do the ways in 
which it can fail. This increased com- 
plexity requires greater circuit and 
component density; as more and more 
components have been squeezed into 
smaller spaces, the number of circuit 
interconnects, and hence the number 
of potential failure points, have also 
increased - by a factor of a thousand 
or more in just the past few years. 
Although we are finding ways to 
dramatically reduce component size 
and the amount of power required to 
perform discrete functions, the fact 
remains that every capacitor or resistor 
still has two connections, and each 
transistor, three . . . and so on. 

Because of the small mass of mod- 
ern components, shock and vibration 
failures are no longer the problem they 
once were. High circuit density now 
makes heat a major culprit in circuit 
failure. Although a modern component 
may have dimensions of only a few 
thousandths of an inch, and may dis- 
sipate only a few milliwatts, these 
characteristics may result in a compo- 
nent dissipation of several watts per 
square inch. Unless provision for 
removing the heat is made, compo- 
nent or device failure will occur. 

An additional source of potential 
failure is the chemical and metallurgical 
processes used during fabrication. 

Assembling electronic circuits no 
longer consists of simply soldering 
together some tin, lead, and copper; 
a modern integrated circuit may re- 
quire the amicable association of 
dozens of materials in a way that pro- 
vides the opportunity for hundreds of 
different chemical interactions. The 
opportunity for one or more of these 
materials to contaminate nearby com- 
ponents is an important consideration 
in modern circuit failure analysis. 

Because of the complexity of mod- 
ern circuits, the possibility exists for 
thousands of combinations of poten- 
tial failure mechanisms to occur in a 
single piece of equipment. Computers 
are now used to explore all of the 
possible relationships that could exist, 
and the ways in which they could pro- 
mote failure. These techniques [known 
as diagnostic flow routines - Ed.] 
have become very sophisticated, and 
are deemed absolutely essential in 
military and space systems where no 
opportunity for repair may exist, and 
the consequences of failure can range 
from the merely disappointing and ex- 
pensive to the catastrophic. The tradi- 
tional method of expressing the 
likelihood of failure is called "mean 
time between failure" (MTBF); high- 
quality electronic equipment averages 
an MTBF of about 5000 hours. 

These improvements in studying 
failure mechanisms and taking action 
to anticipate and prevent failure mean 
we can take a new transceiver out of 

the box, plug it in, and expect to use 
it for years without trouble. 

new batteries promise 
more power, longer life 

For most of us, carbon or alkaline 
batteries are the power source for port- 
able equipment. "Exotic" means we 
spent some money and bought Nickel- 
Cadmium cells. However, in the world 
of battery developers there's some 
very snazzy stuff going on. 

Before we examine some of the 
details, and their implications for 
Amateur Radio, let's recall some of the 
rules regarding the availability of 
energy. In general, the amount of 
energy we can get out of any process 
is a function of how active the mole- 
cules, or atoms, of the energy source 
can be made. Since molecular activity 
translates to temperature, there is a 
general relationship between temper- 
ature and energy release. All of the 
processes with which we are familiar 
span the range from absolute zero - 
where nothing happens - to fusion 
reactions at a few hundred million 
degrees C, where everything tends to 
come apart. 

These principles apply very much to 
the world of chemical batteries, and in 
the last 15 years or so, they have in- 
spired some dramatic developments. 
Three important applications that have 
supported these developments have 
included electric vehicles, space 
systems, and military equipment. Each 
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of these applications requires large 
amounts of power (hundreds of kilo- 
watts) to be delivered over sustained 
periods of time - i.e., several days. 
This means that their associated bat- 
tery systems must either be very big 
or have high energy densities. Since 
big batteries are not very compatible 
with portable systems, high energy 
densities are required. 

Some of the battery techniques that 
can provide these higher energy densi- 
ties include nickel-zinc, zinc-bromine, 
sodium-sulphur, and lithium-metal sul- 
phide. Nickel-zinc batteries fundamen- 
tally operate at room temperature and 
have been fabricated in forms similar 
to automobile batteries for electric 
vehicle applications. They typically 
have energy densities of four to five 
times that of comparable lead-acid 
devices. A t  the high end of the temp- 
erature scale, lithium-metal sulphide 
batteries operate at several hundred 
degrees centigrade, and can provide 
energy densities ten times that of the 
best lead-acid batteries. Although each 
of these battery types is commercially 
available for use in appropriate high- 
priced applications, all have proved too 
expensive for the operation of electric 
vehicles. 

The most sophisticated develop- 
ments in battery technology are 
devices using circulating fluids which 
depei-ld on the chemical reaction of 
lithium thionyl chloride. Utilizing this 
technology, batteries that can deliver 
megawatts of power for several days 
have been developed. (As you might 
expect, you don't want to be around 
if you short one of these!) 

On a more practical scale, the next 
few years could bring us rechargeable 
lithium cells that would enable hand- 
held transceivers to operate satisfac- 
torily for several months on a single 
charge. Bench-top transceivers with 
internal batteries capable of operating 
for several days, or weeks, are on the 
horizon. This would not only be a con- 
venience for those who operate port- 
able stations, but would also provide 
an important new impetus to the very 
function which justifies Amateur Radio 
- emergency operation. 

ham radio 
"Please contact this advertiser directly. Limit 15 inquiries per request. 

Please  use before July  31, 1985. 
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PICK A COMPUTER 
INTERFACE B 

TO MATCH YOUR NEEDS 
COMPUTER PATCHTM 

MODEL CP-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 alsooffers a high performance CWcapability. With respect totheCP-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 forTransmit and Receive 
75 to 1000 Hz Variable Receive Shift Range 

Baud Rate Switch 
Improved AM Detector 

Advanced Electronic Applications, Inc. 
P.O. BOX C-2160 LYNNWOOD, WA 98036 
(206) 775.7373 TELEX: 152571 AEA INTL 



The Nicest 
Things Come 

Packages. 
The SS-32HB is a new hyhrld sub-audible 
encoder plucked from Communications Special- 
ists' Hothouse. I t  has grown through a cross of 
the time tested SS-32, the subminiature SS-32M 

$29.95 each 

and space age micro circuitry. This program- 
mable 32 tone encoder measures a scant .5 x l .O 
x . I5 inches; no small wonder i t  allows the addi- H 197 
tion of continuous tone control to a bunch of 
hand held transceivers that lack space. 

~CDMMI!N /CAT/Q#4 IS  
Why not snip your problems in the bud, with 

r- SP!C!,ALIFT,T 
JO \L 1.111 Avc.. Ortnfc .  (',\ ')?hhZ-42% 

our fast. one day delivery and attractive one year LK;II I ~ I . ~ I W X - ~ O ? I  A X  I ~ I J ) ~ ) ~ J - ~ ~ : O  

rn 
Entire 1I.S.A. 1-80-8M-0547 

- - warranty. 



Yaesu has serious listeners 
for the serious listener. 

Kr\us srr  lout ,~t)out glvlng you 
better ways to tunc In the world 
around you 

And whethe1 ~t's for local actlon 
01 wor ldw~de DX you'll find our 
VHF UHF and HF receivers are the 
super-lor match for ,-111 your I~sten- 
~ n g  needs 

The FRG-9600. A premium 
VHFIUHF scanning cornrnuni- 
cations receivw. T t i +  VtlXI IS  no 

I H ~ I I  ,Lclrlot I /\nd ~ t s  e,xy to 
sr.c4 why 

You wclnt rnrss any local actlon 
w ~ t h  cont~nuous coverage from 60 
to 905 MHr 

You have more operating modes 
to l~sten rn on upper or lower 
s~dehand CW AM w~de or narrow 
In(- FM w~de or narrow 

You c<ln even watch televls~on 
propl'tms t>y plugging In a vldeo 
r-non~tor ~n to  thr optlo~al v~deo 
niItnl ~t 

related operatir~~ mod? ~rito ,lny of 
the 99 memorles Scan the memorles. 
Or  in between them. O r  s~mply 
"dial u p  any frrquency w ~ t h  the 
frequency entry pad. 

Plus there's much more. lnclud- 
Ing a 24hour clock, mult~plexed 
output, LCD re,jdout, s~gnal strength 
graph, and an AC power- adapter 

The FRG-8800 HF cornrnunica- 
tiam receirer A better way to 
listen to the world. I1 ynll vv;irit a 
complete c l  rnrnLrrlI( itlons package 
the FRG-8EXN 15 lust r~ght for you 

You get continuous wor ldw~de 
coverage from 150 KHz to 30 MHz 
And local coverage from 118 to 174 
MHz w ~ t h  an opt~onal VHF converter 

L~sten In on any mode upper- 
and lower srdetland C W  AM w~de 
or narrow and FM 

Store frequenc~es and opentlng 
modes Into any of the twelve chan- 
nels for Instant ..... 

Scan ~n steps of 5. 10.121/2, 25 recall. 
anc 100 KHz Stor? any frequency and 

5c.lrl the ,~~tw,lvc~s w~ t t l  .I number 
of pr-ogmmmable scannlng functrons 

Plus you get keyboard frequency 
entry An LCD d~splay f o ~  Pasy 
readout A SINPO s~yndl graph 
Cornputel- ~ n t ~ r f ~ c ~  rapab~l~ty for 
advanced llstenlng funct~ons Two 
24 hour clock.; Recor-drng funct~ons 
And much morp to m k e  you1 
l~sten~ng statlon complrte 

Listen in. When you want more 
Irrlnl yo~~r-VHF UHF or HF recerverr 
just look to Yaesii WI= take your 
l~sten~ng ser lc)usly 

Yaesu Electronics Corporation 
h? : ' !  \V ! l i * ~  , : I  b'dr, I I I , : I ~~ ,  , :,: i,, {In? 
('!I i) 0 4  i 4  w \ /  

b u  Cincinnati Service Center 
~ ~ ~ l , ' O ~ ~ , I , l  t L l , l  l-~,lV<. t l . l l l l l l t l ~ ~ r ~  ( - 1 1  I 4r3m1 

Dealer Inaulrles ~nv~ted.  Prlces and spec~flcar~ons subject to change w~rhout norlce. 
FRG-9603 SSB coverage: 60 to 460 MHz. 



Up Front and Center! 
-:-- - - 

-\ ,n. ~- ,- -% -9cr1 ,  
-d 'r 

. . .., L ..? 

The exceptional front-end selec- 
tivity and sensitivity, coupled with 
Kenwood's excellent audio section, 
gives you lots to hear! Compact 
design makes this transceiver at 
home in the shack or on the go! 
, ? .. , .:; 1 .  .,-:,.-.?! I-,;,r!.!';:,mr.,.4 ..., 

l , . .  I ,. . . .'> - - , . r - i i i ' \ :  r:t?onnels 
The TR-795017930 "remembers" fre- 
quency offset. and opt~onal subtone 
channels. Memorles 1-15 are for slm- 
plex and "normal" repeater operation. 
Memory pars 1611 7 and 18119 are for 
"odd-ball" spl~ts. Memorles "A" and 
"B" store upper and lower band scan 
Ilmits. The rad~o "beeps" when 
memory channel 1 IS selected. 

r ! , I  , > - ~1 n 

lnd~cates rece~veltransm~t frequency, - -4, i L -  Covers 142 000 148 995 MHz in 
frequency offset, sub-tone select~on, 5 kHz steps Repeater offsets are 
memory status. An LED readout indl- automat~cally selected ~n accordance 
cates S & RF units, REVERSE, CENTER wltli the ARRL 2 meter band plan. The 
TUNING. PRIORITY, and ON AIR. front panel "0s" key may be used to 

allow manual changes In offset. 

The 16-key DTMF pad can also be 
you to scan the entire 2 meter band. used for dlrect frequency entry, sub- 
or just a small port~on of 11. Scann~ng tone select~on, memory address and 
stops on the center frequency durlng scan progr;:mmlng. The keyboard is 

~llum~nated for nqht t ~me  us?. 

i l  . , i I  I I I ~ I I > I I ~ .  , , ; 1 t , , : 4 ! , 1  1 . l r 1 1 ~ ~  i I? : : j l )  I .'$!::I I l~ lorrnat~on IS avall- 
T U - 7 9  three frequency tone unit M(:-55 mohllt? nr1c:rophone able froni autli,r~r~ir!ii Kenwood dealers. 

PS-430 power supply M(:-46 16-key autopatch 
KPS-12 ;!xed-station power UFIDOWN m~crophone 
supply for the TR-7950 SWT-1 2 m, 100 W 
KPS-7A ftxed-station power antenna tuner 
supply for the TR-7930 SVl-100AiB power meters 
SP-40 mob~le speaker PC-:-3A nnlsc? filter 

KENWOOD 
TRIO-KENWOOD COMMUNICATIONS 
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