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Dual Band Mobile & Handh 7!T dl 

DOUBLE YOUR PLEASU E 
DOUBLE YOUR BANDS '! 
Dual Band Radios from ICOM! 
Double your operating pleasure with Icom's new dual 
band IC-3210 mobile and IC-32AT handheld FM trans- 
ceivers. Each unit incorporates a wealth of.special 
features and options designed to move you into the fore- 
front of today's expanded 2-meter and 440MHz activity. 
Icom dual banders: the FM enthusiasts dream rigs! 

Wideband Coverage. Both the IC-3210 and 
IC-32AT receive 138 to 174MHz includin all NOAA 
weather channels, transmit 140 to 150&z including 
MAKS/CAP, and operate 440 to 450MHz. Total 
coverage of today's hottest FM action! 

Full Duplex Operation. Simultaneously transmit 
on one band while receivin on the other for incom- 7, parable dual band autopatc ing! 

20 Memories. Store an combination of standard or i; odd repeater offsets and su audible tones. 

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

Programmable Band and Memory Scanning. 
Includes easy lockout and recall of varlous memories. 
Exceptional flexibility! 

Repeater In ut Monitor Button. Opens the k scluelch and c ecks Tx offset simultaneously. 

Pn'ority Watch. Monitor any channel for calls 
whllecontinuingoperation on another frequency. 

Optional Beeper. Monitors for calls with your 
subaudible tone, then gives alerting beeps. 

Double Your Bands with Icom's dual band 
IC-32A'T handheld and IC-3210 mobile, and double 
your operating pleasure on 2-meters and 440MHz. 
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ICOM 
First in Communications 
COM Amma kc. 2380 116m Ave N E. Bellme. WA 98004 Cuatma ! h b e  HoUhn (m) 451-7619 
31% h l e r  Ciwe Sune 126 1 TX 7!%3 1777 Roenn Parkway, SUB Mi. A h t i  GA 30369 
COM CANADA A ' h m  d a Ameoc* Inc. 3071 - 85 Fbad Ml9. Rchmad. 0 C V6X 2T4 CaMda 
A I I W ~ l k d a m a t r ~ m ~ h u q e ~ m h a ~ r a b l l p ~ t m  AIITCMnl(l~sr)llhcenny&FCC 
~ M r m  llmfllnq -S gm%- 321032Alf@J 



LOOKING FOR AN AUTOPATCH 
OR REPEATER CONTROLLER? 

PRIVATE PATCH V 5IOSA-II 51 0SA 

~uto-dia ler  90 phone numbers None None 
Last number redial Yes N o N o 
Hook flash Yes N o N o 
Programming keyboard Built-in Plug-in None 
Programming digital display Yes N o N o 
Noise filter 5 pole 2 pole 2 pole 
Regenerated DTMF dialing Yes N o No 
DTMF decode LED Yes N o No 
Selectable VOX simplex, sampling simplex, 

duplex and repeater controller operating modes Yes N o N o 
Number of keyboard selectable sampling 

mode VOX enhancement ratios 8 2 None 
Operates through repeaters Yes N o N o 
Method of connection to base radio Internal Internal Internal 

or External Only Only 
CPU program memory 8k 2k 2k 
Busy signal disconnect Yes N o N o 
Dialtone disconnect Yes N o N o 
Selectable three digit repeater mode onloff code Yes N o N o 
Remotely controllable internal aux relay Yes N o N o 
Optional CTCSS board available Yes N o N o 
Optional voice delay board available Yes N o N o 
Warranty 1 Year 6 Mo. 6 Mo. 

When you compare Private Patch V to the 
competition, the choice is clear! 

ADDITIONAL FEATURES 
USER PROGRAMMABLE CW ID 
DIAL ANY PRE-SELECTED NUMBER BY PRESSING f .  Private Patch P OE I ~ K O W W O  

THE MIC BUlTQN FIVE TIMES. 
COMPLETE PATCH STATUS BEEPS 
FRONT PANEL STATUS LEDS 
HALF DUPLEX PRIVACY MODE (with beeps) 
SELECTABLE CONNECT CODE 1-5 DIGITS 
SELECTABLE TOLL OVERRIDE CODE 2-5 DIGITS 
SELECTABLE DISCONNECT CODE 1-5 DIGITS 
SELECTABLE TOLL RESTRICTION: 
H First digit lockout 
rr Prefix lockout 
rr Digit counting 
SELECTABLE ACTlVlTYlTlMEOUT TIMERS 
RINGOUT 
(Receive your calls in the mobile) 
RING COUNTING 
(Ringout alerts after preselected no. of rings) 
REMOTE BASE 
(Use vour base radio from anv tele~hone) 
LAND TO MOBILE SELECTIVE CALLING' 
INTERNALLY SQUELCHED AUDIO 
MOV LIGHTING PROTECTORS 
SELECTABLE TONE OR PULSE DIALING 

Note built-in programming keyboard and digital 
display just above keyboard. 

-CONNECT SYSTEMS INC. 
2064 Eastman Ave. #I13 Ventura, CA 93003 

Phone (805) 642-7184 FAX (805) 642-7271 

fl 197 



Dual Band Mord-abilitv! u 

Optional full-function remote 
controller (RC-20). 
A full-funct~on remote controller uslng the e) Scan direction 

Dual Bander Kenwood bus hne may be eas~ly connected 1) Alert 
The TM-701A combines two radios to the TM-701A and mounted ~n any con- When the AL swltch IS depressed memory 

into one package. you get venlent locat~on The new controller 1s cap- channel 1 IS scanned for acttv~ty at approxl- 

25 watts on meters and 7ocrn, 20 able of operating all front panel funct~ons mately 5 second ~ntervals 
Built-in dual digital VFO's. MHz switch. 

memory channels, tone encoder 
built-in, multiple scanning, auto a) Frequency step selection (5,10,15, 

20 12.5 25kHz) Repeater reverse switch. 
repeater offset selection on 2 meters, b) Pr;grar;mable VFO Optional Accessories and a host of additional features! The user frlerjdl~ programmable VFOs allow RC-20 ~ u l l  function remote controller 
20 multi-funct~on memory channels. the operator to select and Program variable . RC-10 ~ultl-functlon remote controller 
20 memory channels allow storage of Ire- tuning ranges In MHz band Increments IF-20 Interface un~t handset MC-44 Multi- 
quency, repeater offset. CTCSS frequency, Programmable call channel function. furict~on hand mlc MC-44DM Multi-funct~on 
frequency step, and Tone OnIOff status. The call channel key allows Instant recall of hand mlc wrth auto patch MC-486 16-key 
CTCSS and REV, prov~dlng qulck and easy your most commonly used frequency data DTMF hand mlc MC-55 8 {,In mot~tle mlc 
access during moblle operat~on Programmable tone encoder built-in. MC-60A/80/85 Desk top mlcs MA-700 
25W on 2m and 70cm. Tone alert system-for true quiet Dual band (2m170cm) moblleantennd (mount 

Selectable full duplex-cross band monitoring. not supplied) SP-41 Compact moblle 

(Telephone style) operation. When acttvated this funct~on w~ll cause a speakera SP-5OB 140b11e speaker PS-430 

Easy-to-operate front panel layout. 
d~st~nct beeper tone to be emltted from the Power supply PS-50 Heavy-duty Power 

transceiver for approx~mately 10 seconds to Supply MB-201 Moblie mount PG-2N 
Multi-function microphone supplied. s~gnal the presence of an lncomlng s~gnal F%wer PG-3B DC line noise filter 
Controls are prov~ded on the mtcrophone . ~ ~ ~ ~ - t ~ - ~ ~ ~ ~ t ~  multi-mode scanning. PG-4H Interf,~l e ~onnectlng cable PG-4.l 
for CALL (Call Channel).VFO, MR (Memory a) VFO scan Extenston cable klt .TSU-6 CTCSS un~t 
Call or to change the memory channel) and Band scan, Programmable band scan 
a programmable function key The Program- b) Memory scan plus programmable 
mable key can be used to control one of the memory channel lock-out 
follow~ng on the rad~o. MHz.T ALT-TONE, c) Dual scan 
REV, BAND, or LOW power Dual call channel scan 
Easy-to-operate illuminated keys. Dual memory scan 

KENWOOD 
KENWOOD U.S.A. CORPORATION 

A funct~onally des~gned control panel wtth Dual VFO scan COMMUNICATIONS &TEST EQUIPMENT GROUP 
~nd~v~dually backl~t keys rncreases the con d) Scan stop modes PO BOX 22745,2201 E Domlnguez Street 
venlence and ease of operation durtng T~me operated scan (TO) Long Beach. CA 90801-5745 
ntqht-tlme use Carr~er operated scan (CO) KENWOOD ELECTRONICS CANADA INC. 

Speolrcalrons and pnces subject lo change wrlhouf nofrce or obllgafron 
Comolefe servrce manuals are avarlable lor all Kenwood frar~scervers and mosf accessorres 

P.O. ~ 0 ~ 1 0 7 5 , 9 5 9  Gana Court 
Mlss~ssauga. Ontario. Canada L4T 4C2 
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Changes.. .I989 update 
Close to a year ago, we set out to make Ham Radio the number one magazine in the Amateur Radio 

field. It's been a long, difficult process fraught with pitfalls and setbacks, but we are well on our way. 
It will take time to reach our goal, but we can do it with your help. The children's story "The Little Engine 

That Could" reflects HR's aspirations. The competition is tough. We know we must work very hard at 
tailoring the magazine's content to please you. That's why we've been asking you, our readers, what you 
think of our changes. The responses to our reader surveys and evaluation cards have been outstanding. 
Over 95 percent of you approve of what we've been doing. To be fair, there are those of you who aren't 
happy. We hope that in time, we can win you over too! 

To our effort to  serve you, we pay strict attention to all reader comments. In the past two years, your 
letters to us have asked for MORE PROJECTS and CONSTRUCTION please! And so we began the proc- 
ess of redirecting HR to fill your needs in that area. This process isn't easy. As many of you already know 
or are learning, it's often difficult to get parts. It's also difficult to get authors to write about their construc- 
tion projects. We do feel that we have an excellent group of authors writing for us now, but there's always 
room for more. 

HR is a reflection of you, our reader. While a significant number of you are technically oriented and 
look to HR for electronic information, you're also Hams - men and women who take their love of radio 
and communications home every night. Some of you do little but tinker and test. Others are "die-hard" 
contesters who can't wait for the next major event. Some of you bemoan the departure of tubes. Others 
are immersed in the latest digital state-of-the-art electronics. In short, your interests run from Alpha to Omega. 

When Jim Fisk, W1 DTY and Skip Tenney, WINLB, started Ham Radio in 1967, their goal was to mail 
a magazine that stayed away from politics and delivered nothing but the best in technical Amateur Radio 
subjects. During it's first ten years, HR met that goal. Unfortunately, Jim's untimely death in 1980 upset 
the formula and it's taken us a few years to get back on track. Under Rich Rosen's, K2RR, guidance HR 
once again re-established itself as the Amateur's technical magazine. Now Marty Durham, NBlH, Bob 
Wilson, WAITKH, and Terry Northup, KAISTC, are working very hard to ensure HR includes only the 
very best technical articles every month. 

Our new look, created by local graphic artist Ann Desmarais, is designed to make HR more readable. 
While consistency is safe, a design change was necessary. HR looked like it was locked in a 1968 time 
warp. The new logo is a bold statement of HR's commitment to quality. The inside layout is clean and 
easy to read. The type was selected to compliment the text and other material, not fight it. The page lay- 
out was modified to take maximum advantage of the space on each page. The only complaint we've received 
about our graphics changes is that some of you find them too drastic, too bold. The bars over the figures 
are distracting to a few readers. Others have told us they find the bars help them locate and identify figures 
and schematics. We'll keep working to refine these changes to meet your needs. 

So what's the bottom line? You've asked us to not become a clone of the other magazines. HR has 
met that goal. By staying in our niche of construction and projects, HR can continue to deliver what you 
want. But we need and want your comments. Write, call, look us up at Hamfests - TALK to us! Keep 
letting us know what you like and dislike. This is your magazine. Tell us how can we make it better for YOU! 

Craig Clark, NIACH 
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)I I~1:rll lnent 2-way battery saver 
ctrcult extends battery l lfe Two 
battery-saver modes to choose. I 

w~th power saver ratlo select~on PB 1 12 v 800  AH NIC~ pack for 5 w - T .  , 
Fasv rnernorv recall. Slrnnlv outpul . PB-2 8 4 V, 500 mAH NlCd pack *-. 

7 ,  

press the c h a k e l  number1 (2 5 W oulput) - PB 3 7 2 V 800 mAH 

12 VDC Input termtrial for dlrect NICd pack PB 7 2  
or base statlo,, supply 1600 mAH NlCd pack (1 5 W outpul) - BT 5 AA cell manganese/,llkal~ne battery 

'peratlon When l2 volts applied case BC 7 rap~d charger lor PH 1 2 3 
RF outpot 1s 5 W1 (Cable supplledl) or 4 - BC 8 compact battery charqer - ,  
New Twlst-Lok Pos~t lve-  - SMC 30 speaker m~crophone - SC 12 13 i ' I 
Connect locking battery case sol1 cases. RA 3 5 telescoplnq an l~nnas  . , ,---- 
Priority alert function. - RA-8B StubbyDuk antenna 1SU-4 

CTCSS decode untt -VB-2530 2m. 25 W 
switch defeat 'quelch. ampllfler (1.4 W LH.4, 5 leather 

Used to check the frequency when . ~ 0 . 4  mot,lle brackel . R H . ~  
CTCSS encodeldecode 1s used or sw~vel mount - PG-2V extra DC cable 
when squelch IS on. - PG-3D cigarette llghler cord wllh f~lter 

Cornolere servlrc rnar111.d~ ,Ire ,lva~l,7bl~ lor ail Krnwood Irartscrrvers and mnsr ar.re<ci,rres 
Sp~rifiCalionz all(! prlcec, are rtrhlf'cr lo rfisrlqe w!ff~c>ur nnrlre or oblrgallon 

, - . . 
,, <**- - -* - ,. .i ' 

KENWOOD U:SA.CORPORATION: . , - ,- 
. , - - ,< : -2201 E Dominguez S t ,  Long Beach CA 90810:. -. . ',. ., 

"= a -. : ' q -  PO.Box 22745. Long Beach CA901301-5745 .-- . . 



I note an apparent shift to computer 
program coverage relating to the 
"clones." There is usually a statement 
or at least an inference that no great 
problem should exist in converting 
BASIC programs to other machines, 
and this is probably true. However, in 
view of the popularity of the C-64 in 
the ham fraternity, would it not be 
thoughtful to include an already "con- 
verted" C-64 version? 

Thanks for listening. 

COMMENTS John E. Runninger, WBZLCP, 
Rome, New York 13440 

Another satisfied 
customer 
Dear HR 

I just received January, 1989 - a 
superior piece of work that is as good 
as any you have ever published. The 
article mix had something for most 
enthusiasts (HF synthesizer, 3456-MHz 
through ATV) and the articles had 
some guts. Not everyone is going to 
run out and build Dave's (WA3JUF) 
3456 rig, but almost everyone reading 
an article like that is bound to at least 
learn something new. Nice job by 
John Shelley, WA1 IAO on ATV - get 
some more pieces like that out of him. 

As difficult as it is to avoid the stan- 
dard cliches, keep that kind of mate- 
rial coming. Could be your best issue 
ever - I have them all. 

John W. Molnar, WA3ETD, 
Milford, New Hampshire 03055 

Points to ponder 
Dear HR 

I'd like to make a few observations. 
First, even though the "Short Circuit" 
(page 35, October issue) does appear 
at the end of an article in the series to 
which the correction applies, it would 
be a thoughtful touch to include the 
information reference on the "Con- 
tents" page. This is of future help 
when your memory says there was 
one, but you don't remember where 
for certain. 

Gremlins? 
Dear HR 

A gremlin somehow must have 
snuck into The Weekender column 
"Get the Most From Your NiCads" 
(December 1988). The caption for 
Photo A is on Photo C; Photo B's cap- 
tion is on Photo A; and Photo C's cap- 
tion is on Photo B. Otherwise it was 
a very interesting article! 

Bill Wornham, WAICRE, 
Townsend, Massachusetts 01469 

Information for all 
Dear HR 

I wish to congratulate you on the 
improvement of your Ham Radio arti- 
cles this past year. They are more 
informative for the new hams as well 
as the older ones. 

I am not going to single out any 
writer, but I feel the articles for the 
younger hams are important these 
days too and I think some of the other 
ham magazines have forgotten this 
fact. 

I want to draw your attention to the 
odd article that should have been 
checked for accuracy or edited. 

Keep up the good work. 
E. W. Forster, 

Blaine. Washington 98230 

Great February Cover 
Dear HR 

The February Ham Radio cover was 
great. Haven't seen anything like it 
since the days of Phil Gildersleeve and 
Clyde Darr of early QST days.. . 

Congrats! 
Bruce Kelley, W21CE. 

American Wireless Association, 
Inc.. Holcomb, New York 14469 

The last hurrah 
Dear HR: 

It isn't often one hears a ham on the 
air performing outstanding services for 
other hams. I know of one who gives 
of himself tirelessly, without letting up; 
without regard to his personal health 
or equipment he's steadfastly at his 
key, carrying out his mission. Most 
surely, the deity had called upon him 
to fulfill his destiny at the controls of 
his station. 

It happened early one January 
morning around 1300 GMT on 7005 
kHz during the Mellish Reef DXpedi- 
tion operation. His signal was strong 
and his fist rang out in flawless CW, 
"UP 5..UP 5!" And occasionally, to 
remind us of our humble beginnings in 
radio, he would embellish, "UP 5.. UP 
5 LID!" Oh, if only to have had him for 
an Elmer in another time. I could tell 
he was becoming fatigued; this mon- 
umental task was taking its toll. His 
timing became ragged and he was not 
coming down on his key precisely 
when the DX operator started sending, 
resulting in many operators being able 
to hear Mellish Reef coming back to 
their call. I knew he wouldn't be able 
to keep up the frantic pace. It was kind 
of like the death throes of Kipliqg's 
Gunga Din, the immortal regimental 
bugler. In a last hurrah of "UP 5..UP 
5", with tongue lolling, finals red hot, 
his hand slipped off the key and his sig- 
nal drifted off. 

Seldom can we pay tribute to such 
an operator, an enduring essence of 
QRM, virtually a pure flux of Hertzian 
generated disturbance. Wherever you 
are, out there in the QSB, here's to 
you, "traffic cop!" You're a better man 
than I am! 

Don Longacre, NW2V 
Caledonia, New York 14423 

6 April 1989 



Atn  
:h f l t t n  

*- ,,, 3 r ,  . . , > . c .  a , -  ' 6  ' 
CW VET transcerver with oencr,?l 

coverape recelvet. Rcce~ver 
ComoetiAion class covers 150 kHz-30 MH7.All 

MrkmD D..lMd HF transceiver Intarhrtng ; ,! ~~~w ** ,.%~SSB); L,,. Up"* 

modes bu~l t -~n.  AM. FM. CW, FSK. 
sIgnm1 - I 

ISSB) 
ISSBl 

LSB. USB. 
TS-940s-the standard of rcw) > ' Superb, human engineered 
performance by which all I front panel layout tor the 
other transceivers are judged. DX-minded orcontest ing 
Pushing the state-of-the-art ham. Large fluorescent Illhe 
in HF transceiver design and 
construction, no one has been 
able to match the TS-940s in 
performance, value and reli- 
ability.The product reviews 
glow with superlatives, and 
the field-proven performance 
shows that theTS-940s is 
"The Number One Rated HF 
Transceiver!" 
l 1 r i l l  y cycle transmitter. 

kc.nwoc)d :;pec~ftes transm~t duty 
cycle time. The TS-940S Is guar- 
anteecf to operate at full power 
output for periods exceeding 
One hour. (14.250 MH7. CW. 110 
w;~tts.l Perfect for RTTY. SSTV. 
and other long-duration modes. 
First with a full one-year 
l iniited warranty. 
Extremely stable phase lock- 
ed loop (PLL) VFO, ~~l~~~~~~ 
frclrluency accuracy Is measured 
In parts per million! 

Optional accessories: crystal osc~llator l MC-43s UPIDOWN hand 
l AT 940 lull range (160-10m) autornat~c mlc. MC-6OA. MC-80. MC-85 deluxe base 
antr,nna tr~ner SP-940 external speaker stat~on mlcs: PC-1A phone patch l TL-972A 
wltti ;ludlo f~lterlng l YG-455C-1 (500 HI). hear  ampl~f~er SM-720 stallon rnon~tor 

KENWOOD 
YG-455CN-l(250 Hz).YK-88C-l(C.00 Hr) CW BS-8 pan d~splay C;W-200Aand SW-2000 KENWOOD U.S.A. CORPORATION 
f~lter.;; YK-85A-1 (6 kHz) AM 11ltc?r VS-l volce SWR and power rneters l IF-237CllF-10B 2201 E Dom~ngucz St.. Long Beach. CA 90810 
synlhes~zer l SO-1 ternperati~re compensated coniputer ~ntarface PO. Box 22745 Long Beach. CA 90801-5745 
C:o~~,[pt>r? wrv!, P t i ~ , ! f ~o , l I ~ ,  c71t~,1v,1t1,1t~lr~ f o r  ,111 K ~ ~ f i v \ ~ , ~ ~ f i  f r , l I ~ ' ~ r ' ~ ~ ~ ~ f ~ ~ ' ~ ~ ~ r ~ r l  r f l ~ 1 5 l  , I #  , P ,  ,,of,*'. 
<,,>m ! ,  r $ t ~ o ! ~ \  '6vf,,rr5 ,111fl prh f'? ,lr,, , , f ~ r > p  If,, !I,I,II,P ~ ~ ~ ~ 1 1 1 , ~ . 1 1  ,lul!,.f,, 8 1  ~ ~ l ~ l ~ ~ ~ ~ ! l ~ ~ ~ r l  

- rnaln d~splay w~th d~mmer, d~rect 
2' l n x  mind dona1 

mtgnal 

AF sognal spectrum 

AF tune operatio 
-The AF TUNE lunc!~on re( 

~ntertertnq stgnals and whtte noise 

~ T ~ I S  tunc~ton should only be uspa 
dulfng opefallon In Ihe C W  mode 

4. imrtnp signal 
NOI~ (CWI 

~ n ( d s l ~ a t  

l J - ~  SB, . *'. % 
Intuiuinpslgnal IS ~n thecmtn 
01 t h m d u l r d  slgnal 

keyboard ~nput of frequency; 
flywheel type main tunlng knot) 
wlth opt~cal encoder mechan~sm 
all cornb~ne to make the TS-940s 
R ~ o y  to operate. 
l One-touch frequency check 

(T-F SET) during split 
operations. 
l Unique LCD sub display indi- 

cates VFO. graph~c ind lcat~on 

1) CW Variable Bandwidth Tuning. Vary the 3) SSBSlopeTuning.Operal~ng 1ntheLSBand 
passband width cont~nuously ~n the CW, FSK. USE ~nlodrs, t h ~ s  lront panel control allows 
and AM modes.wlthout attect lng the center ~ndependent .cont~nuouslyvar~ableadlust -  
f requency T ~ I S  effectively mlnlmlzes ORM mentoltheh~ghorlowlrequencyslopesolthe 
from nearby SSBand CWs~qnals IF passband The LCD sub display illustrates 

2)~~~une.Enabled wlththepush ofabut ton,  the f l l ter lng posltlon 
t h ~ ~  cw Interference fighter Inserts a tun- 4) IF ~otch Filter. The tunable notch t ~ l t e r  
able , threepoleact~vef~ l terbetweentheSSBl  sharply attenuates lnterfertng s~gnals by as  
CWdemodulator and the aud~o ampl~f~er Dur- much as  40 dB Asshown here.the~nlerferlng 
Ing CW OSOs, thls control can b e  used to s~gnal IS reduced. whlle the des~ red  s~gnal 
reduce lnlerferlng sfgnals and nolse, and remalns unal lected The notch lllter works In 
peaks aud~o frequency response for optlmum all modes except FM 
CW performance 

O f  VBT and SSB 'lope tuning' 
and time. 
Simple one step mode chang- 
Ing with CW announcement. 
Other vital operating func- 
tions. Selectable seml or full 
hreak-ln CW (0%). RITIXIT. all 
mode squelch. RF attenuator, f~lter 
select switch. selectable AGC. 
CWvarlablp pitch contro[,speech 
processor, and RF power 
control, programmable band 
scan or 40 channel memory scan 



MFJ TUNERS 
Here is the finest 3 KW PEP Tuner money can buy with roller inductor, i 

I dummv load. new ~ e a k  reading meter, antenna switch, balun and more ... I 
I ~ h e i i T 9 8 9 c l s  not for eieryone. I -SWR and the widest matching range 

oossible from 1.8.30 MHz. I 
11' You get a new lighted peak and 

averaqe read~nq CrossNeedle I 
~ ~ ~ / ~ a t t m e t &  with a new more 

I I accurate directional coupler. 
You get a glant two core balun 

wound with teflon wire for balanced I 
I I lines and a 6-position antenna switch 

with extra heavy switch contacts. 
Its com~act  1 0 3 / l ~ 4 ~ / ~ ~ 1 5  inch I 

Y cablnet fiis right into your station. 
You get a 50 ohm 300 watt dummy I 

1 With t h m  enntlnunuthr variable , ...... . - - load for tuning your exciter, a tilt 
comoonents . two masslve 6 KV  stand for easy viewing and a 3-digit I 

turns counter plus a spinner knob for 
exact inductance control. Add $1 0 slh. I 

2-knob ~ifferential-TTM Tuner I n Y Tuner I MFJ's Artificial RF Ground 

~ ~ ~ - 9 8 6  The n e w ~ ~ ~ - 9 8 6  D~fferent~al TTM 3 
KW PEP 2 knob Tuner has a diiferential 

s269'5 capac~tor to make tunlng foolproof 
and easler than ever. It ends constant retunlng with 
broadband coverage and gives you minimum SWR 
at only o m  best setting. Covers 1.8-30 MHz. 

The roller inductor lets you tune your SWR down 
to absolute mlnimum. A 3-digits turns counter lets 
you quickly return to your favorite frequency. 

You get MFJ's new peak and average reading 
Cross-Needle SWRlWattmeter with a new directional 
coupler for more accurate readings over a wider 
frequency range. It reads forwardlreflected power in 
200150 and 20001500 watt ranges. Meter lamp is 
front panel sw~tched and requires MFJ-I 31 2. $9.95. 

A new current balun for balanced lines reduces 
feedline radiat~on and forces equal currents into 
antenna halves that are not perfectly balanced for a 
more concentrated. stronger slgnal. Add $10.00 slh. 

MFJ's Fastest Selling Tuner 

The MFJ-9410 is MFJ's fastest selling 
MFJ-9410 300 watt PEP antenna tuner. Why'! 

$1 0 9 9 6  Because i t  has more features than 
tuners costing much more and it 

matches everything continuously from 1.8-30 MHz. 
I t  matches d~poles, vees, vert~cals, mob~le whips. 

random wlres, banlanced and coax Ilnes. 
SWRlWattmeter reads fowardlreflected power in 

30 and 300 watt ranges. Antenna switch selects 2 
coax Ilnes, direct or through tuner, random wire. 
balanced line or tuner bypass. Efficient airwound 
inductor gives lower losses and more watts out. 
Has 4 : l  balun. 1000 V capacitors. 1 0 x 3 ~ 7  inches. 

MFJ's Random Wire Tuner . ~ ~ -  - - 

WJ-18010 5 3 9 9 5  - . .- e ... . - .  

bands anywhere with any 
transceiver when you let 
the MFJ-16010 turn anv random wlre into a 

The MFJ-949C glves you more 
1 MFJ-949C preclse matches than any tuner that 
$1 4 9 9 5  uses two tapped inductors. Why? 

Because you get two conlnuously 
variable capacitors that glve you lnfin~tely more 

' positions than the llmited number on swltched coils. 
This gives you the precise control you need to ge 

your SWR down to a minimum. After all, isn't that 
why you need a tuner? Covers 1 .8-30 MHz. 

, You also get MFJ's lighted 2-color Cross.Needle 
SWRIWattmeter, 6-posit~on antenna switch, 50 ohm 
300 watt dummy load and a built4n balun - all in a I compact 1 0 x 3 ~ 7  inch cabinet that fits right into 
your station. Meter light requires MFJ-1312, $9.95. 

With MFJ's best 300 watt PEP tuner you get an 
MFJ tuner that has earned a reputation for being 
able to match just about anything - one that IS 
h~ghly perfected and.has years of pmven reliability. 

MFJ's Mobrle Tuner M F J . ~ ~ ~ C  

1 :88ge:v: 
,home w~thout 
this mobile 

tuner! Have an un~nterrupted lrlp as the MFJ-945C 

I extends your antenna bandwidth and ellmlnates the 
need to stop, go IIU~ and adjust your moblle whlp. 

I YWWI 
create an 

feedback, ~ V I  and RFI when you let the MFJ-931 
resonate a random length of wire and turn ~t Into a 
tuned counterpoise. The MFJ-931 also lets you 
electrically place a far away RF gmund dlrectiy at 
your rig - -  no matter how far away ~t IS - -  by tuning 
out the reactance of your ground connection wire. 

Barefootll.5~ KW Linear Tuner 

FOI a few extra dollars, the MFJ- 
MFJ-962C 962C lets you use your barefoot rig 

$229" now and have the capaclty to add a 
1.5 KW PEP linear amplif~er later. covers 1 .8.30 MHz. 

You get two husky continuously variable capacitors 
for maxlmurn power and mlnrmum SWR. And lots of 
inductance gives you a wide matching range. 

You get MFJ's new peak and average reading 
Cross.Needle SWRlWattmeter with a new directional 
coupler for more accurate readings over a wider 
freouencv ranoe. It reads forwardlreflected Dower in 

meter and convenient placement of controls make 
tuning fast and easy while in motion. 300 watts 
PEP output, elticlent alrwound inductor. 1000 volt 
capacitors. Moblle mount, MFJ.20. $3.00. 

1441220 MHz VHF Tuners 

MFJ's new VHF 
tuners cover both 

You can, operate anywhere in a band and get low 
SWR. You 11 get m~x lmum Power out of Your solld 
state or tube rig and 11'lI run cooler and last longer. 

Sman 8 x 2 ~ 6  ifIches uses little room. SWW Watt- 

watts PEP and match a w~de range of Impedances 
for coax fed antennas. SWRIWattmeter. 8~2~12x3 In. 
MFJ.920. $49.95. No meter. 4 ' / ~x2~ /w3  Inches. 

~ - - -  ~, 
200150 and fi001500 watt ranges. Meter iamp is 
front panel swltched and requires MFJ-1312, $9.95. 

Has 6-position antenna switch and a tellon wound 
balun with ceramic feedthru insulatnrs for balanced 
ine i .  1 OWx4l/2x14 718 Inches Add $10 00 slh. 

MFJ's smallest Versa Tuner 

5 x 2 ~ 6  inches - -  (and most affordable) 200 watt PEP 
tuner .-when both space and your budget IS limited. 
Good for matchlng sol~d state rlgs to Ilnears. 

It matches wh~ps, d~poles, vees, random wires, 
verticals, beams, balanced and coax llnes from 
1.8.30 MHz. Etflc~ent alrwound ~nductor. 4:l balun. 

FOR YOUR NEAREST DEALER OR TO ORDER 

800-647-1 800 
transmitting antenna. ~ i e a t  for apartment, motel, I MFJ ENTERPRISES, INC. I 1 year unconditional guarantee 30 day money 
camplng operation. Install a wlre anywhere! Tunes Box 494, MISS. State, MS 39762 back guarantee (less slh) on orders from MFJ 
1.8 30 MHz. 200 watts PEP. Ultra Small 2 x 3 ~ 4  in. (601) 323.5869; TELEX: 53 4590 MFJSTKV Free catalog Add $5.00 slh (except as noted) 

MFJ . . . m a ~ i n g  quality affordable 
8 April 1989 rr 196 



BUILDING A 

FIR fiLr 
features guaranteed 
phase linearii 
By Paul Selwa, NBSK, 61 East Tilden Drive, 

D igital filters provide high-performance designs 
with properties that can't be provided by ana- 
log filters. These properties include: stability, no 

tweaking, repeatability, insensitivity to temperature, 
and the guaranteed linear phase response of Finite 
Impulse Response (FIR) filters. This last characteristic 
is required in narrow bandpass filters for phase-shift 
encoded digital data like that used on the Mode-S tran- 
sponder in the Phase 3C satellite. 

Digital filters aren't new, but it's only recently that the 
inexpensive ICs needed to build them have become 
available. The main hardware impediment has been the 
lack of low-cost digital multipliers. In software, the prob- 
lem has been the lack of inexpensive programs to deter- 
mine the filter's coefficients. Optimal filter designs 
require extensive iterations and aren't practical for man- 
ual calculation. 

This article provides information about the construc- 
tion of FIR digitalfilters. You can construct the hardware 
if you have a general knowledge of digital techniques. 
I can provide you with a program which calculates the 
coefficients for FIR filters of up to 128 taps. 

FIR filters 
There arevarious types of digitalfilters; the FIR filter 

is the most useful. This filter is unconditionally stableand 
has guaranteed linear phase response. It's resistant to 
the effects of noise, because any noise componentsare 
in the filter only until a new set of data samples has been 
taken. It'salso the type of digital filter least sensitive to 
the effects of the precision (length) of the filter coeffi- 
cients. 

IIR filters 
The other popular digital filter is the Infinite Impulse 

Response (IIR) filter. Becausea portion of an IIR filter's 
output is fed back into the filter, any disturbance at the 
output is partially present in all subsequent outputs until 

Brownsburg, Indiana 461 12 

the filter is deliberately cleared and the process is 
repeated. Another concern with IIR filters is their highly 
nonlinear phase response. For phase-dependent modes 
of communication, like phase-shift encoded data in dig- 
ital transmission, the data may be garbled and no sub- 
sequent filtering will completely remove the distortion. 

FIR filter construction 
A FIR filter consists of the following sections: 

A low-pass filter (LPFI limits the bandwidth of the 
signal. This is called an anti-aliasing filter. 
An analog-to-digital converter (ADC). It may need 
to be preceded by a sample-and-hold circuit if its 
conversion time is long. 
A data memory that saves the digitized samples of 
thesignal. Data is often saved in two's complement 
(2C) form for compatibility with hardware mul- 
tipliers. 
A set of filter coefficients that are used to multiply 
the data memory's samples. Theseare often called 
filter taps and are usually stored in 2C form. 
An accumulator that contains the sum-of-product 
terms that are generated by multiplying the data 
memory contents by the filter's coefficients. 
A multiplier chip, or a processor with multiplying 
capability. Multiplier accumulators (MACs) are 
common. 
A digital-to-analog converter (DAC) to change the 
filter's digital output word to an analog signal. 
A low-pass filter to remove clock noise from the 
DAC's output. It is called a reconstruction filter and 
has the same bandwidth as the anti-aliasing filter. 
A controller to coordinate the actions of these pieces 
of hardware. It can beassimpleasa PROM, contain- 
ing control bits with a counter to read out the 
PROM's words sequentially, or it can be an actual 
digital signal processor like the Texas Instruments 
TMS32010 with its own program. 
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You can build a compact system, like the TI-based 
system shown in fig. 1, with a few LSI chips. Thisver- 
sion requiresan assembled program for theTMS32010 
processor. The coefficients are in the program PROM 
and the data memory is on the processor chip. The anti- 
aliasing filter, the ADC, the DAC, and the reconstruc- 
tion filter are in the TLC32040. 

A more efficient implementation for home assembly 
consistsof two GEchipsmadefor FIR applications. The 
ISP9128 is a FIR controller and the ISP9210 is a MAC. 
These two chips do most of the work for you. The 
approximate cost of this pair is $80. 

Aliasing 
Any digital filter hasa bandwidth limitation that'sset 

by the sampling rate of the input ADC. To prevent alias- 
ing, the sampling frequency must be at least twice the 
bandwidth of the anti-aliasing filter. The folding fre- 
quency is defined as exactly one-half the sampling rate 
and istheoretically the maximum frequency that thefil- 
ter can handle without aliasing problems. Thisfrequency 
isoften referred toasthe Nyquistfrequency or rate. It's 
called the folding frequency because the sampler's out- 
put frequency components have mirror symmetry 
around that frequency. 

When a signal is being sampled at a given rate, the sig- 
nal's componentsare duplicated aboveand below each 
harmonic of the sampling frequency, just as they would 
appear as sidebands of AM transmitters operating at 
those frequencies. 

The only one you need to worry about is the fun- 
damental sampling frequency. If you have a sampling 
rate of 10,000 Hz and a signal of 1000 Hz you'd get 
spurious outputs from the sampler at 9000 Hz 
(10,000- 1000Hz)andat 11,000Hz(10,000+ IOOOHz), 
in addition to the baseband signal of 1000 Hz. If you 
raised the input signal'sfrequency to4999 Hz, the sam- 
pler would produce sideband components at 5001 Hz 

and at 14,999 Hz, and also preserve the 4999-Hz base- 
band signal. At an input frequency of 5000 Hz you'd be 
unable to distinguish between the real signal and the 
sideband of 5000 Hz (10,000 - 5000 Hz) from the sam- 
pling signal's carrier. As you further increase the input 
frequency, the lower sideband copy of the input signal 
takes on the alias of a lower frequency input signal. 
That's why the LPF precedes the ADC. 

Anti-aliasing filters 
These filters can be passive or active. While the the- 

oretical cut-off frequency of the LPF can be at the fold- 
ing frequency, any practical filter has finite rolloff. You 
can't get away with using a sampling rate that's barely 
twice the highest frequency component you pass 
through the LPF. Practical anti-aliasingfilters have cut- 
off frequencies of approximately one-third the sampling 
rate, so the LPF's response will be down 40 dB or more 
at the folding frequency. For voice communications that 
require bandwidths of 2500 Hz, you'll see sampling rates 
of 8000 Hz or greater. For other modes, like CW which 
needs no more than 1000-Hz response, you can get 
away with a sampling frequency of 3000 to 5000 Hz. 

A poor choice of anti-aliasing filter can upset your FIR 
system's operation. If you depend on the inherent lin- 
ear phase response of the FIR structure, use a linear 
phase (flat group delay) LPF for anti-aliasing and for the 
reconstruction filter. An easy way to obtain flat group 
delay is to use the EXAR XR-100311004 - a switched- 
capacitor low-pass Bessel filter. These filters preserve 
the information in phase-shift encoded data. Another 
advantage of using switched-capacitor filters is that you 
can divide the sampling clock todrive the LPF and you'll 
automatically be in the correct ratio with respect to the 
sampling rate. That may not be important in a system 
using a single sampling rate, but for a dynamically recon- 
figurable system you won't have to worry that the anti- 
aliasing LPF is at the wrong bandwidth. 

PROGRAM 

TLC 3 2 0 4 0  T M S 3 2 0 1 0  

I I 

One-chip digital signal processor implementation. 

I N P U T  w 

OUTPUT 
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ADC 
The ADC is one of the simpler system blocks, but dis- 

tortion is introduced in the converted number - called 
the (sin X)/X error - where X = pi input fre- 
quencylsampling frequency. The ratio (sin X)/X isequal 
to 1 for X = 0 (DC signal), and gradually drops to zero 
when the input frequency is equal to the sampling fre- 
quency. The lossatthe Nyquistfrequency is3.9 dB, as 
shown in fig. 2. For normal communications work, the 
relative reponse across the audio band is of little impor- 
tance; you can ignore thisfactorwithouta problem. This 
is especially true if the sampling rate is high with respect 
to the anti-aliasing filter's cutoff, because the loss from 
the (sin X)/X rolloff issmall. You can obtainafirst-order 
correction by pre-emphasizing the input signal to the 
ADC. 

Filter coefficients 
The stored data samples areall multiplied one-for-one 

by their corresponding filter coefficients, between the 
acquisition of each successive data sample. The prod- 
uct of each multiplying operation isaccumulated and the 
resulting sum-of-products is a data word that's output 
by the filter, until the next output value is calculated. 

The FIR design program calculates filter-coefficient 
sets for up to 128tapfilters. Depending on thesampling 
rate you choose, you may not be able to do all the mul- 
tiply accumulate (MAC) cycles between twosuccessive 
data samples. This means you'll either have to shorten 
the filter's length or build faster MAC hardware. The 
design program allows a total of five bands including 
stopbands plus passbands. The fancierthe filter's oper- 
ation, the longer the time for the filter to define these 
bands. You'll need fast hardware for the most elaborate 
types of filters. But it's easy to build the low-pass, sin- 
gle bandpass, notch, and high-pass filters with moder- 
ate filter time length. 

The program first calculatesa coefficient set for a fil- 
ter having unity gain (zero dB). While these tap weights 
will producea working filter, the number set may not use 
yoursystem'sfull8or 16-bit capability unlessit can han- 
dle floating point math. After locating the tap weights 
for the zero-dB filter, the program finds the largest value 
coeffient and scalesthem all linearly to gain the best use 
of fixed-point hardware's mathematical range. For 
example, the largest coefficient might not require the 
most significant2 bits in the system. In that case, you'd 
get one-fourth the signal level from the filter that the 
hardware is capable of producing. The scaling process 
results in a filterwith the same frequency response, but 
with something other than zero-dB gain. The gain fig- 
ure is printed in theoutput listing, just ahead of thescaled 
tap values. In this example the scaled filter would have 
12-dB gain. 

The results are printed in floating point decimal and 
in fractional2C hexadecimal. If you don't want to use the 

I NORMALIZED FREQUENCY I 
Sin(X)/X response. Note the Nyquist Frequency is shown at 
0.5 on this scale. 

entire 16 bits of the hex coefficients, simply start at the 
highest (left-most) bit and use the number of bits you 
want. This2C notation is used almost universally in com- 
puters and in MAC hardware. The 2C part refers to the 
technique used to encode bipolar binary numbers in 
which the most significant bit of the number is the sign 
bit (0 = plus, 1 = minus). The "fractional" part refers to 
the fact that the total of the remaining bits have a posi- 
tive value less than 1. This number approaches unity 
more closely as the length of the2C number increases. 
The value of a2C tap from this filter program will be equal 
to: 

- 1 (sign bit) + (positivevalueof the remaining bits) 
with the left-most remaining bit having a value of + 0.5, 
the next having a value of + 0.25, and so on. 

FIR filter operation 
Suppose you need a length 5 FIR filter. The program 

will calculate the filter's coefficients, which are sym- 
metrical around the center value (the third in this case). 
If you've chosen an even number of coefficients the 
symmetry will still exist, but without a unique central 
value. The coeff icientsare labeled in the program'sout- 
put and must be used in sequence. In this example, the 
data memory will be length 5. It will always be the same 
length as the number of taps in the digital filter. The five 
most recent data samples will be multiplied by the five 
coefficients asshown in eqn. 1. To make notation easy, 
I'll refer to the data samplesas D l  -Dx, to the coefficients 
as C( l  )-C(5), and to the outputs as 01-Ox (see fig. 3). 
The first usable filter output is produced after the fifth 
data sample is taken. 
01  = DIsC(5) + D2*C(4) + D3-C(3) +D4*C(2) + 
D5*C(1) (1) 

The output value 01 is placed in the output DAC. Cal- 
culation stops until the sixth data sample appears. It 
replaces the sample D l  (i.e., the oldest sample) and then 
calculatesthesecond output. In all cases, the new data 
sample replaces the oldest stored data sample. 
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SUMMATION 

I 
OUTPUT 

Filter state for output 1. 

RAM 
DS 

RAM 
D4 

RAM 
DA TA DATA DATA 

02  = D2*C(5) + D3*C(4) + D4*C(3) + D5*C(2) + 
06*C(1) (21 

Output sample 02  is placed into the output DAC. 
Again the filter waits for the next data sample (which 
replaces sample 021, then calculates the third output 
sample. 
03  = D3*C(5) + D4*C(4) + D5=C(3) + D6*C(2) + 
07*C(1). (3) 

This process is continued, and the filter produces out- 
puts at the same rate as the incoming samples. Note that 
the filter operates on the most recent data samples only 
(five in this example), and the older ones are written over 
in the data memory as more recent samples are taken. 
No portion of a noisy data sample remains in the filter; 
the FIR structure, compared with an IIR filter, is insen- 
sitive to noise. The process of shifting the data relative 
to the coeff icients doesn't have to be an actual data shift 
in memory. You can accomplish the same effect by 
using counters as data pointers to place new samples 
and to retrieve the samples for the MAC operation. 

C l  C Z c 3  C4 t5 

? ? ? 1 
I 1 

, - 0 3  

Output data 
The multiplication of two signed 16-bit words 

produces a 32-bit product in which two identical sign bits 
appear. Take the top 16 bitsas your result, after you per- 
form a left shift of one position to remove the redundant 
sign bit. Some multiplier chips automatically perform 
this function. Many times, the accumulator used in 
building an output value has more than 16 bits of reso- 
lution (like our example). Thusan intermediatevaluethat 
exceeds its 16-bit capacity wouldn't cause overflow and 
a false result by a "wraparound" from the maximum 
number, past zero, to a smaller number. When the total 
sum-of-products is finished for a given output sample, 
some product termsmay have been negativeand some 

RAM , 
DZ 

OA TA 
- 

positive; this helps prevent overflow. Any filter can be 
overloaded, so scale your inputs properly to avoid prob- 
lems. 

You may have to change the2C result back into sim- 
ple binary code for the output DAC. Do this by invert- 
ing the sign bit position of the sum-of-products. This 
shifts the 2C number to a value between zero and the 
maximum value your data variable can achieve. 

Controlling the filter 
If the filter is built of separate pieces instead of a FIR 

controller chip ora one-chipdigital signal processor with 
itsown program, you'll have togeneratethe control pro- 
gram in a PROM or use some other method to produce 
a "state machine." This is a little tedious, but not diffi- 
cult. You must determine how many separate bits are 
needed to drive the control inputs for the ADC, data 
RAM, coefficient PROM, MULTIPLIER, DACandother 
elementsof thesystem. The PROM data readoutwill be 
sequential, because a counter will be used to drive the 
address inputs of the chip. At each new address, you'll 
program 1 bits to perform the control functions required 
at that time interval. As the counter runs through its 
range, the logicsignalsto control thevarious partsof the 
filter will be read out. To avoid problems from address 
or data skew, use a register at the PROM data outputs 
to clean up the data. This will cause a one-clock cycle 
delay in the filter activity, but that's no problem. The first 
two locations in the PROM can be all zeros to get every- 
thing set up. Think of the bits as a method of defining 
sequential events, without consideration of active high 
or active low control states. Make all bits represent active 
high events inside the PROM; if you need an active low 
output, invert the bit outside the PROM. This technique 
is less prone to error than if the PROM contents directly 

RAM 
DATA 
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ElMAC Tubes Provide Superior 
Reliability at radio station KWAV 
- over 131,000 hours of service! 

Ken Warren, Chief Engineer at 
KWAV repbrts that their 10 kW 
FM transmitter went on the air in 
November, 1972, equipped with 
ElMAC power tubes. The origi- 
nal tubes are still in operation af- 
ter over 15 years of continuous 
duty! 
Ken says, "In spite of terrible 
power line regulation, we've had 
no problems with ElMAC tubes. 
In fact, in the last two years, our 
standby transmitter has oper- 
ated less than two hours!" 

Transmitter downtime means 
less revenue. ElMAC tube relia- 
bility gives you more of what you 
need and less of what you don't 
want. More operating time and 
less downtime! 

ElMAC backs their proven tube 

reliability with the longest and 
best warranty program in the 
business. Up to 10,000 hours for 
selected types. 

Quality is a top priority at 
EIMAC, where our 50-year char- 
ter is to produce long-life prod- 
ucts. And our products are 

backed by the most comprehen- 
sive and longest warranty of- 
fered in the industry. Send for 
our free Extended Warranty Bro- 
chure which covers this pro- 
gram in detail: Write to: 

Varian ElMAC 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: (415) 592-1221 

varian~ eimac 
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OUTLET IN THE WORLD 

EFFECTIVE MARCH 1, 1989 

HAS JOINED THE 

NATIONWIDE TEAM 

HAM RADIO OUTLETS 
NOW LOCATED IN 

SALEM, NH 
WOODBRIDGE, VA 

L Knolls Berry larnl 5 mt l~s  soulh on 101 lrom SF0 l a 5 1  a1 Hwy 17 Hwy 161 6 Cldremont Mesa Blvd CLOSED SUNDAYS 
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This gives you even better response with low=low outlet prices 
& rapid deliveries coast to coast. 

SEE OUR TOLL FREE NUMBERS BELOW Y .  .. 

Bob Ferrem W R J  ATLANTA W 30340 OAKLAND, CA 94806 SALEM. NH 03079 WOODBRIDGE. VA 22181 
PresldenllOwner 6071 ~ u l o r d  ~ w y  2210 Llvln ston St 224 N Broadway 14803 Ru~ld Amrrlca Drtw 
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YOU CAN OPERATE SIX BANDS 

A M o d e l s  25W. 
1 C 0 M H M o d e l s  100 W HAND-HELD 

NOW LOCATED 
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You'll be hard-pressed 
b beat the performance of 

Yaesu's newET-4l handheld. 
Let Yaesu's "next generattion" handheld lightfen your load! 

Picking up where our popular FT-209R Series left off, the 2-meter 
FT-411 will amaze with its a~t~ounding array of features! 

The brains of a base station. "Sophisticated operation" takes 
on new meaning in the FT-411. You get 49 memories, plus dual VFOs for 
quick band-hopping. Keyboard frequency entry. Automatic repeater 
shift.. DTMF autodialer with ten memories of up to 15 digits each. 
&lilt-in C~SSmcod~ld4cocl~.  Selectable 
channel steps: 5/10/12.5/2012,5 kHz. Pro- 
grammable band scan with upperllower 
limits. Selectable memory scan. And 

e~t~ended receive coverage of 140-174 
MHz (MARSICAP permit required 
for transmit on 140-150 MHz). 

Not bad for a handheld mea- 
suring just 55(w) x 32(d) x 139(h) 
mm (the same size as our FT-23R 
Series HTs)! 

Friendly operation. For ope- 
rating convenience, the FT-411's 

keypad features a "do-re-mi" audi- 
ble command verification. Roth the 

display and keypad can be backlit 
(brightly!) for night operation at t,he 

push of a button. A rotary channel selec- 
t,or allows fast manual tuning. Or key 
in the frequency directly. Operate VOX 
(with YH-2 headset option). Plus you get 

a battery saver to conserve power 
while monitoring. And a (defeatable) auto 
that shuts down your radio if you forget t,o turn i t  off? 

High power capability. The FT-411 comes equipped with t,he 
2.5-u;1t,t,, fj00-mAh FNH-10 bat,tery pack. Py our opt,ional FNR-12 

5-wat,t, 50OmAh pack or tiny FNB-9 2.5-watt, 200-mAh pack. Or 
get 6 watts output. by applying 13.8-volts DC from an external 
power supply. 

Swap options with Yaesu's FT-23R Series. Our rugged 
best-seller's chargers, t)atteritas, and microphones are fully 
compatible wit,h the FT-411. The FT-2:3R is the perfect com- 
panion for the FT-411, and at a great price! 

'ky out an FT-4ll today. Ask for it now at your local Yaesu 
dealer. Or call 1-800-91113-2070 for a free brochure. And experi- 

K,","u%i'e,'F:$,",nce! y '  E S U 
Yaeso USA 17210 Edwards Road, Cerritos, CA 90701 (213) 404-2700, Rep;lir Service: (213) 404-4884. Parls: (213) 404-4847 Prices and specifications sllhjrct 
to (,tiiing~ without notict~. Sl)t.c,ifications grrarantc.t.d only within aniatc,rlr hands. 



create both high and low active logic. In practice, Parts sources for FIR filters 
this method takes several PROMS operating in parallel Texas Instruments parts 
to create enough control bits. 

Using the FIR design program 
After the program starts, it prompts you fora file name 

so it can storethe filter's parameterson disk. Entriesare 
made in an interactive mode. The file includes all your 
entries, and all numeric and graphic outputs. There's a 
compressed graph to give you an idea of the filter's 
responsecurve. Thiscurve coversone CRTscreen, with 
a vertical scale of 5 dB per line. A detailed graph in 1 -dB 
steps is also available. A portion of a sample problem 
outnut is shown in fia. 4. 

. + 

750 1500 2250 3000 3750 

FREOUENCY ( H Z )  

I 
Frequency response of the Sband sample problem. I 
Sample problem ~ 

As an example of the type of filter you can build, con- 
sider a filter of length 128, which passes the first three 
voice formants. The bands are defined as 0-250,375- 
700,825-1400,1525-2500, and2625-3750 Hz. Thesam- 
pling rate is 7500 Hz. The maximum of the stopband 
response is below -40 dB, with the deepest notch 
reaching - 80 dB. The numeric outputs and stopband 
data below - 45 dB are deleted to compress the figure. 

A smaller version of this program is available from 
Public Brand Software, Inc., P.O. Box 51315, Indi- 
anapolis, Indiana 46251. This version, on their disk 
HR11 .O, will create filters of maximum length 10. The 
full-featured version isavailable only from the author, for 
$45.00. (Indiana residents add 5percent state sales tax. 1 

TMS32010NL 
TLC32040N L 

General Electric parts 
ISP9128CP64 
ISP921OCP6465 

EXAR parts 
XR-1003CP 
XR-1004CP 

Parts Suppliers 
TI and EXAR partscan beobtained from Marshall Indus- 
tries. Call 1-800-522-0084 for the nearest location. 
GE parts can be obtained from: 

Hamilton Avnet Electronics 
485 Gradle Drive 
Carmel, lndiana 46032 
(3 1 7 1844-9333 

Article A HAM RADIO 

1.2M-1.5M PARABOLIC DISHIFEEDIDOWN CONVERTER to 2 Meters 
RCP. LCP or Llnear Polarlzatlon 
LNA- NF. 1.5dB. G -22dB 

~ p Preselector Filler - 
Machlned 4.Pole Combline 
M~crostr~p M~xer on high dielectric 
alumlna 
Local Oscillalor- Heater 
Slab~lized. * 2ppm for CWJSSB 
Down Converter mounted In f w d  
assembly tor optimum 
perlorrnance 

Frequendes available: 1.296- 1.691 GOES WX- 2304-240 OSC4R Mode-S - 3.456GHz 

FeedOwm Converter Assemblies are interchangeable in common teed mount. 
1.2 Meter or 1.5 Meter Spun Aluminum Dish has mtg, hardware for 1.5" masf. 
Feed Antenna has + 5dBiC Galn, selectable polarization. 

PRODUCT PRICE L IST  

. . . . . . . . . . .  RCPLCP Feed Assembly.Type N connectors Model WCFA-(treq) $1 85.00 
. . . . . . . . . .  Linear Polanzed Feed Assembly.Type N Conn. Model WLFA-(freq) 135.00 

(Specily frequency: 1 296. 1.691.2 304.2 400.3 456GHz) 
. . . . . . . . . . . .  1.2 Meter Spun Alum~num Dlsh with mlg, hardware WUDA-1.2M 295.00 
. . . . . . . . . . . .  1.5 Meter Spun Aluminum Dlsh wlth mlg. hardware WUDA-1 5M 395.00 

. . . . .  LNA-2 stage GaAsFET, N F  1.5dB. G ,2268. SMA Conn.WLNA-(freq) 265.00 
(Spenly frequency: 1.2. I 69.2 35. 3 456GHz) 

Preaeleclor Bandpass Filter. Machined 4-Pole Combllne. SMA conn. 
(Speoly frequency 1.296. 1.69 1.2 3.2.4.3 456GHz) 

Model WMCF-(freq) 85.00 
. . . . . . . . . . . . .  Mimostrip Mixer -Thick Film. Machined Housing WHMM-(freq) 45.00 

. . . . . . . . . . . . . . . .  Local Oscillator - Heater Stabilized.Thlck Film. WHLO-(freq) 325.00 
(Specifyfrequency: 1.151. 1.5535.2.159.2.255.3 31 1, orany spof Fd 

........... Complete FeedDown Converter to 2 Meten. Model WFDC-(treq) 675.00 
(Speoly frequency: I& type) (Other IF3 ava~l.. GOES- 137.5MHr) 

Complete D~sh Feed Down Converter Assembly 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .2 Meter Dish. Model WDDC-1 .2-(lreq) 955.00 
. . . . . . . . . . . . . . . . . . . . . .  1.5 Meter Dish. Model WDDC-1.5-(freq) ,1055.00 

All Products Shipped UPS except Parabolic Dlsh ahlpped byln~ck- Fmlght Collect 

Wilmanco 
l%mBuSINtSS( I~ I IR l rK .LI< ~KIIIUII ,I .I CA91124U.S.A. 

TELEX9101(X1~11!. ~llllll'*ll Itr,!. ! A \  IIIIA~WI.UUI 

1 
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THE 
WEEKEND 

requires several trips through a sliding-glass door that 
leads to the balcony. Blasts of cold air entering my 
small apartment are side effects in the winter. 

Confronted with this dilemma (and complaints from 
my XYL), I sought a solution that would eliminate the 
outdoor excursions for receive only applications or at 
least limit the ones required to begin HF operation. 
The most direct solution, drilling holes in either the 
brick wall or an aluminum window frame for a coaxial 
feedthrough, isn't allowed by my landlord. 

I tried using a window antenna, but the it proved 
unsatisfactory. It was impossible to secure the win- 
dow properly against burglars with the antenna 
installed. Anyway, the antenna I tried is designed for 
wooden window frames, and must be insulated from 
an aluminum window mount. I tried using a block of 
wood drilled to accommodate coaxial cable and 

Easy antenna access wedged in the window frame, but this also resulted 
in an unacceptable security risk. Because of my loca- 

for urban a~artment tion on the ground floor and the construction of the - 
dwellers 

- 
apartment building (an effective Faraday shield!), an 
indoor antenna proved useless - even for WWV 
reception. 

Window Coupler 

I - - - - - - - - -  - 1 

Schematic diagram of the window coupler. An effective RF connection is provided through coupling capacitor C1 

This article is dedicated to those urban HF operators 
who, because of security or other restrictions, have 
been unable to have constant access to a good receiv- 
ing antenna. 

My typical operating procedure on the HF bands is 
to listen to the activity on each band, then attach the 
appropriate loading coil to a loaded vertical antenna 
mounted on a pipe on my balcony. Sometimes I sim- 
ply want to hear the latest solar activity forecast on 
WWV or catch the news from the BBC. Because I live 
in an apartment building with brick walls and 
aluminum-framed windows, this operation normally 

By Bryan Bergeron, NUIN, 30 Gardner 
Road, Apartment ?GI Brookline, Massachu- 
setts 021 46 

It occurred to me that I might try coupling RF from 
an external antenna through my window, adapting a 
method similar to those used in some mobile window- 
mount VHF antennas. The schematic in fig. 1 shows 
the basic concept involved in what I call the "window 
coupler." The coaxial cable from my receiver (an ICOM 
R-71A) is connected, through coupling capacitor C1, 
to an external coaxial cable that feeds a "stealth" 
dipole antenna. The window cross section in fig. 2 
shows the details of the window coupler. Notice that 
coupling capacitor C1 is formed by two strips of alu- 
minum foil mounted exactly opposite each other, on 
either side of and along the width of the window. The 
single-pane glass of the window forms the dielectric 
of C1. The two parallel foil strips, each 318" x 48", 
form the capacitor's plates. The braids of both the 
internal and external coaxial cables are connected to 
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FIG158 

Antenna 
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Sheet 
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Aluminum 
Window - 
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ndow Pane 

~p 

Window cross-section showing the details of coupling capacitor construction. The center conductor of each coaxial cable is 
connected to parallel foil strips with the aid of adhesive connectors designed for connecting the foil to burglar alarm systems. 
The braids of each cable are connected to the aluminum window frame. 

Parts list 
Adhesive-backed foil-Radio Shack part no. 

49-502 (120 foot roll-$5.99) 
Adhesive connectors- Radio Shack part no. 

49-504 (3 pair for  $2.59) 
Krylon Acrylic Spray Coating, Crystal Clear 

no. 1301 (about $3) 
Silicone sealer 

the aluminum window frame by the existing sheet 
metal screws. The frame is grounded through a short 
length of coaxial braid connected directly to a 6-foot 
copper ground rod (see fig. 3). 

Both the adhesive-backed aluminum foil and 
adhesive-backed connectors used for building the 
coupling capacitor are available from Radio Shack. 
Adhesive foil and connectors, designed orginally for 
burglar alarm systems, make for a quick and aestheti- 
cally pleasing installation (see fig. 3). To keep the out- 
side connections clean and free of corrosion, make 
sure that you cover the coaxial connection with a small 
amount of silicone sealer. To prevent the foil from 
deteriorating, I sprayed the outside strip with a thin 
layer of clear acrylic spray coating. Clear fingernail pol- 
ish or clear enamel will work as well. 

The window coupler performs magnificently as a 

To 
Ground 

I I 

The window coupler as seen from the outside. The foil strip 
along the top edge of the window provides for an inconspic- 
uous installation. 

means of providing a connection to an external receive 
antenna. There's no detectable degradation in received 
signal strength on the HF bands when using it, com- 
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Manufac tu re rs  o f  Qua l i t y  Commun i ca t i ons  Equ ipment  -- I 

Hi PRO I 
VHF-UHF REPEATERS I 

SUPERIOR RECEIVER AND TRANSMITTER SPECIFICALLY DESIGNED FOR REPEATER SERVICE. 

ADJUSTABLE TRANSMITTER POWER, FROM 1 TO 25 WATTS MINIMUM OUTPUT WlTH EXTREMELY COOL OPERATION.- 
AUTOMATIC BATTERY BACK UP SYSTEM CAPABILITY WlTH BATTERY CHARGING AND REVERSE POLARITY PROTECTION.- 
NOW WlTH A FULL COMPLIMENT OF INDICATORS AND STATUS LIGHTS.-100% DUTY CYCLE-ADVANCED REPEATER SQUELCH 
NO CHOPPING, POPPING, OR ANNOYING REPEATER KEY UPS DURING LIGHTNING STORMS.-DIE CAST ALUMINUM R.F. 
ENCLOSURES -SMALL SIZE 5'14 x 19 x 13 "-HIGH QUALITY LONG LIFE DESIGN. 

SEE YOU 
AT DAYTON! 
BOOTH 
#403 

AMATEUR DISCOUNTS AVAILABLE 

. o * "  - 
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Hi Pro Receivers 
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pared with a direct connection t o  my dipole antenna. 
Now I have constant access to  WWV and the short- 
wave bands. I can listen for band openings at the wee 
hours of  the morning or late at night without disturb- 
ing my family, compromising the security of our apart- 
ment, or incurring the wrath of my  landlord. 

Now the obvious question: Is the window coupler 
any good for transmission? Well, I've made several 
contacts through the coupler with a ORP rig (an 
HW-8) on 15 meters. Wi th an MFJ-900 Transmatch 
and a long-wire antenna attached immediately t o  the 
outside foil strip, I've been able t o  achieve an SWR 
ratio of less than 1.3:1 across the CW segment of  the 
15-meter band. Because the foil strips are so thin, I 
haven't tried t o  transmit through the window coupler 
with my Swan 500 - for fear of vaporizing the alumi- 
num foil! For high-power applications, you might want 
t o  try extending the strip in an "L" shape, or use 
several strips in parallel. 

I hope that you enjoy this simple and easy t o  build 
window coupler. Let me know if you have any ques- 
tions and/or enjoy using the system. 

Article 6 HAM RADIO 

Heavy Duty switch for true 
1 KW POWER - 2 KW P.E.P. 

Zeramic with Coin Silver 
Switch Contacts - 

Single Pole. 3 Pos~tion. 
Desk or wol l  mount 
All unused positions g rounded  

*CS3G - UHF connectors / $36.50. 
rCS3GBNC - BNC connectcis/ $43.95. 

Slngle Pole. 5 Position. 
All unused positions g rounded  

rCS6G - UHF connectors / $46.50. 
* C ~ ~ G B N C  - BNC connectors 1 $59.50. 

'Shipping ond handl ing for a n y  
i t em add $2 each. 

ALL OUR PRODUCTS MADE IN US4 

BARKER & WILLIAMSOlV 
Qual i ty Communlcatii Roduc ts  Since 1932 
At your Distributm write or c a l l  
10 C o n a l  Street, &istoi PA 19007 
(245) 788-5584 

RF  POWER AMPLIFIERS 
Lowest NF GaAs FET Preamp 

a Finest Quality Military Construction . . . L q . --- 
Off-The-Shelf Dealer Delivery @-- 2: 

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

All amplifiers are linear (all-mode), automatic 
T/R switching with adjustable delay and usable 
with drive levels as low as '/2 Watt. We incor- 
porate thermal shutdown protection and have 
remote control capability. All units are de- 
signed to ICAS ratings and meet FCC part 97 
regulations. Approx. size is 2.8 x 5.8 x 10.5" 
and weight is 5 Ibs. 

Models also avatlable w~lhoul GaAs FET preamp (deleteG sull~x on model rt) .  All un11S cover 

Consult your local dealer or send directly for lull amateur band - specify 10 MHz bandwidth lor 420-450 MHz arnpllf~er. 

further product information. Amplifier capab~l~lies: 100-200 MHZ. 225-400 MHz. 1-2 GHZ. M i l~ tav  (28VI. Commercial. 
etc also available - consult factory. 

TE SYSTEMS 
P.O. Box 25845 
Los Angeles. CA 90025 
(213) 478-0591 
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RADIO TELEGRAPH TERMINAL 
0 0 0  0 0 0 . 0  I .---- 
MORSE CODE DECODER ELECTRONIC KEYER 

MORSE CODE TRAINER AR.501 Only-$229.00 

Code generator Random code generator 

P-"q,-, - 
PRINTER PORT * 

Compat~ble with Centronics 8-bit parallel printer. At 
least 4K byte data buffer 1s required In a printer. 

Kqing speed 

eyer output 

BACK TO BASICS - - But far more advanced - - . - 
The AR-501, triple mode CW terminal i n  a small package, is a powerful gear to practice and play with. For  the Novice. SWL and Ama- 
teur radio operators it detects Morse code between 5 to 30WPM. Just plug the AR-501 to your receiver to  start translating the Morse 
code onto full 32 character LCD display. Very simple and easy to  operate. You ask; for code practice?, both receive and transmit? Yes, 
the AR-501 does just tha t  It will improve your cord reception and keying technique at the speed you want. More?. it operates as an 
electronic keyer both standard and iambic. More Yet? How about a printer port? You bet. the AR-501 provides parallel printer port for 
hard copy. You can Log the QSO, and Practice. It will help you immeasureably. We even offer a standalone Nicad operated thermal 
printer as an option. ACCESSORIES SUPPLIED: The AR-501 Radio telegraph terminal comes complete with Receiver cable. D C  
Power cable, Miniature Phone plug, Miniature stereo phone plug, Spare fuse, Wall receptacle style power adaptor and Instruction man- 
ual. ACCESSORIES AVAILABLE: CC-501 Parallel printer cable - S30.00lDPU-411 Standalone Thermal printer with 8K 
buffer.-$235.00 
ORDERING INFORMATION: For fastest service, call 800-523-6366 from 9 AM. to 4 P.M. P.S.T. Send mail orders to: ACE Communications. Inc. 
2251 1 Aspan Street, Lake Forest, CA 92630. USA and Mastercard orders and certified or cashier's check or money order shipped within 48 hours of 
receipt Rush service by UPSIOvemight, UPSRnd Day Air and Federal Express is available at extra shipping charges. Purchase orders accepted from 
Government agencies. CA residents add 6% sales tax. COD is $3.00 extra. WARRANTY INFORMATION: The AR-501 covered by One Year War- 
ranty. Extended warranty service available at the following rates: 3 Years--$25.00.2 Years-$15.00. SATlSFACTlON GUARANTEE: If, for any rea- 
son, the ORIGINAL PURCHASER, is not satisfied with the unit purchased, a full refund of the purchase price will be issued if the unit and all accessories 
are returned to us UNDAMAGED WITHIN 25 DAYS of the date of original purchase (Invoice date). This policy excludes any additional freight that may 
be incurred, and in no event modifies or limits the limited warranty. 
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SPECIFICATIONS 
Model AR-501 Radio telegraph 

termlnal 
Power source OC 12V to 13.8V-165mA 
Size 4.5-W x 2.24"-H x 6.254) 
Weight 12.5 oz (358 g) 
Controls Power OnIOff 

Random code enerator OnlOff 
Pr~nt-out 0n/08f 
Monltor speaker level 
Electronic keyer mode select 
Speed Up & Down 

Display LCD 32 characters-16 per line 
Indicators Power OrtGreen LED 

Tuning--Red LED 
Front connectlons Paddle-Standardllambic 

Ordlnary telegraphic key 
HeadphonelEarphone 

Rear connectlons DC 13 8V input 
A U ~ I O  lnput 
External speaker 
Keyer output 
Prlnter output 



TICALLY 
SPEAKING 

Light metal and 
other topics 
The oscilloscope (shown in photo AJ 
is an instrument that lets you examine 
a waveform appearing on the screen 
of its cathode ray tube (CRT). Most of 
you are aware of the oscilloscope's 
usefulness in examining low-frequency 
waveforms, but you may not know 
that the instrument is also helpful at 
RF frequencies. At one time, most 
oscilloscopes were limited to fre- 
quency responses of 500 kHz or less. 

Just a decade ago high-frequency 
oscilloscopes were costly items that 
found extensive use only in commer- 
cial applications. Few Amateur Radio 
operators owned scopes at all - much 
less high-frequency ones. But that sit- 
uation is changing. A number of 
manufacturers offer low-cost oscillo- 
scopes that provide vertical band- 
widths of 20, 50, or even 100 MHz. 
While not exactly in the "low-cost" 
category, these instruments are well 
within the range of many Amateurs. 

This month I'll look at a method for 

placing either detected or raw RF on 
the input of an oscilloscope. I used an 
Amateur HF dummy load, a Drake DL- 
1000 (see photo B), as the basis for 
my measurement system. The modi- 
fied internal circuit of the DL-1000 is 
shown in fig. 1. The main load is a 
1000-watt, 50-ohm non-inductive 
resistor element mounted between the 
center pin of an SO-239 "UHF" coax- 
ial connector (J1 J and ground. The 
1000-watt rating of the DL-1000 is 
based on a relatively short duty cycle, 
and that's appropriate for most 
Amateur Radio applications. If you 
need to run more power, or to oper- 
ate into the load for more than a cou- 
ple of minutes, Drake provides a cut- 
out on the rear panel of the dummy 
load to accommodate a blower fan for 
forced air cooling. 

I added two sampling elements to 
the internal circuitry of the DL-1000. 
I constructed both of 118-inch (3.18 
mm) brass tubing. This tubing, avail- 
able in hobby and model shops, is 
inexpensive and easily worked with a 
hacksaw or jeweler's saw. I terminated 
each sampling element in a 220-ohm, 
1-watt resistor at the "cold" end. I 
connected the sampling element used 
to drive the RF sample port directly to 
the BNC jack (J3). 

It's possible to use a wire loop, 
instead of the brass rods, for the Sam- 
pling element. Build a 1-inch (2.54 cm) 
loop consisting of several turns of no. 
14 solid insulated wire. Connect one 
end of the loop to the output jack (J2 

Standard 5-inch dual-trace oscilloscope with 20-MHz bandwidth and triggered sweep. Or J3Jt and the other end to the resis- 
(Courtesy B&K Dynascan Corporation.) tor termination. (I've found that resis- 

April 1989 a 23 



tor terminations aren't strictly neces- between the output jack and ground 
sary when using loops, so you might first.) 
want to trv connecting the 10011s You also connect the detected out- 

output connector is an RCA phono 
jack; the raw RF sample is a BNC jack. 
I used two different connectors; this 
makes it easier to tell them apart. But 
there's no reason why you can't use 
the same connector - either BNC 
(preferred) or RCA phono jack - for 
both. I wouldn't try an SO-239 UHF 
coaxial connector (used for the RF 
input to the load) for either the RF 
sample or detected outputs. It's pos- 
sible that it could be mistaken for the 
main RF power input, with potentially 
disastrous results. A ground connec- 
tor is also provided on the end plate. 
I haven't used it for anything yet, but 
it seemed like a good thing to have 
available. 

Photos E, F, and G show several 
outputs from the RF sampling jack. 
These waveforms were taken from the 

put (J2) to a brass rod sampling ele- 
ment, which is terminated in a 220- 
ohm resistance. However, there's a 

I detectorlrectifier network at the out- 
1 put end that demodulates the RF sig- 

nal to produce a DC signal proportional 
to the RF power level. You can use this 
port for measuring RF power in CW 
(sinusoidal) waveforms, or looking at 
the waveform modulation on a low- 
frequency oscilloscope. 

Photos C and D show the con- 
struction of the modified DL-1000. The 
internal structures appear in photo C, 

Drake D~-1000 dummy owned and modified while the Connectors at the Output end 
by the author. are shown in photo D. The detected 

I - . .  . . - 
1 

Construction of the sampling loop inside the DL-1000. 
End panel showing the coaxial connector 
plus added RCA phono and BNC jacks. 

BRASS ROD I I 
R F  SAMPLE I 

! 

I 
BRASS ROD 1 

I 
I 

22051 1 
I 

,--,I 5051 NON-INDUCTIVE RESISTOR I 

CW waveform. 

.I, 

Schematic of the modified DL-1000. 
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one application of brass stock in an 
electronics construction project. If 
you're into construction, especially RF 
projects, check out your local hobby 
shop. There are a lot of supplies, tools, 
and vision aids for those who do their 
building from the ground up. Of par- 
ticular interest to electronic builders is 
the light metal brass stock. These are 
hollow rods, solid rods, square rods, 
rectangular rods, and flat plate sheets 

A M  waveform. from strips of only 114 inch to sheets 
4 inches wide. Disassembled view of the monirnatch 

Keyed-CW waveform 

modified DL-1000 while it was excited 
by a 65-watt old-fashioned AMICW 
HF transmitter. The oscilloscope has 
a 50-MHz vertical bandwidth. Photo 
E is a CW signal with key down. This 
signal was on the 75180-meter band. 
Notice that the horizontal sweep is fast 
enough that individual cycles are 
resolved on the, screen. Photo F 
shows an amplitude modulated (AM) 
signal. The AM signal was single-tone 
modulated at 400 Hz, and the scope 
was adjusted to show several cycles at 
that frequency rather than the higher 
RF frequency. A keyed CW signal is 
shown in photo G. There are two 
methods for producing this signal. One 
is to turn on an electronic keyer and 
adjust the oscilloscope timebase to 
trigger on the repetition rate. Alterna- 
tively, you can use the scope's single- 
trace setting (if available) and take the 
photo at one shot. 

Other uses for the 
brass rods 

The preceding section discussed 

Photos H and I show an application 
for the hollow brass rods mentioned 
earlier. In fact, the small rods in 
photos H and I were cut from the 
same piece of stock as the rods used 
in the dummy load. The project is a 
monimatch type of VSWR coupler. It 
was intended for use inside an antenna 
tuning unit that I'm building. 

A monimatch uses two short trans- 
mission line segments parallel to, and 
coupled with, the main transmission 
line segment. Pieces of ordinary perf- 
board support the transmission line 
segments at either end. One end of 
each coupler section is terminated in 
carbon composition resistors, while 
the other ends are terminated in 1 N60 
germanium diodes and 0.001-pF feed- 
through bypass capacitors. There's 
nothing unusual about the design, 
except for the use of the brass rods as 
the transmission line and coupler seg- 
ments. 

I selected two sizes of brass stock. 
To determine the larger one, I took an 
SO-239 coaxial connector to the hobby 
shop and found a size that fit snugly 
over the solder connector of the center 
pin. 

Sheet stock solders well, and can be 
worked easily with ordinary tools. I use 
scissors, lightweight sheet metal 
shears, and assorted other tools to 
work the brass. In one of my other 
lives I'm an amateur jewelry maker, 
and have found some interesting 
metalworking tools in jewelers' supply 
catalogues and local lapidary stores. 
Two of the best are the jeweler's saw 
and the parallel jaw pliers. The 
jeweler's saw is like a jigsaw with a 

sensor. 

Assembled view of the monimatch sensor. 

very fine blade. (Buy a sleeve of spares 
- they break easily!) It lets you make 
very precise cuts and oddball shapes 
in metals. The parallel jaw pliers look 
like other pliers, but the jaws are 
designed to remain parallel to each 
other through the entire range of 
motion. This feature allows you to 
bend metal easily in straight lines, with 
straight edges. These pliers are espe- 
cially nice when making shields for RF 
projects. On one project, I bent a 
1-inch strip of brass stock at three 
points to form a rectangular shield 
around an RF receiver front-end cir- 
cuit. I was then able to use a piece of 
wider sheeting for the shield cover. 

An RF shield is most effective when 
it's continuous. I know an electronics 
engineer with a lot of experience in 
microwave design. He once designed 
a transmitter and specified cabinet 
screws every 318 inch. But the 
wizened mechanical engineer who 
worked for the company felt he had 
used too many, and reduced the num- 
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& ASTRON 
9 . w  Irvine. CA 9271 8 

C 0 R PORAT I ON (7141 458-7277 

ASTRON POWER SUPPLIES .--- 
HEAVY DUTY H16H QUALITY RUGGED RELIABLE 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGUUTED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC f 0.05 volts 
t o m  excessive current 8 continuous shorted output (Internally Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 8 
cxccpl RS-31. IS-41. RS-5A. low line) 
MAINTAIN REGULATION & LOW RIPPLE at low line input Also lv l i l lb lc  With 220 VAC i n l l t  v t l t l l 8  
Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT RlSE 
THREE CONDUCTOR POWER CORD 

INSIDE VIEW - RS-1ZA ONE YEAR WARRANTY MADE IN U.S.A. 

I 1 

I AM SERIES 

MODEL RM-35M 

I MODEL RS-7A I RS-M SERIES 

= 
MODEL RS-35M 

I VS-M AND VRM-M SERIES 

I MODEL VS-35M 

19" x 5'14 RACK MOUNT POWER SUPPLIES 

MODEL 
RM-12A 
RM-35A 
RM-5OA 

Separate Volt and Amp Meters 
RM-12M 
RM-35M 
RM-50M 

Continuous ICS' Slzc (IN] 
Drtv (Amps] l A m ~ s l  H x W x o  

9 12 5'14 X 19 X 8% 
25 35 5'14 X 19 X 12Y 
37 50 5% x 19 x 12112 

Shippin( 
Wt. (lbs.) 

16 
38 
50 

~ - 

Ccntinnaus ICS' S l n  (IN) Shippin1 
MODEL Ortv (Amps) IAm~s l  H x W x D  Wt. (lbs.] 
RS-3A 2.5 3 3 x 4'4 x 534 4 
RS-4A 3 4 3% x 6'5 x 9 5 
RS-5A 4 5 3'11 X 6'10 X 7% 7 
RS-7A 5 7 3% x 6 h  x 9 9 
RS-7B 5 7 4 X 7'12 X 10% 10 
RS- 1 OA 7.5 10 4 x 7% x 10% 11 
RS-12A 9 12 4% x - 8  x 9 13 
RS-128 9 12 4 x 7'1~ x 10'11 13 
RS-2OA 16 20 5 X 9 x 10% 18 
RS-35A 25 35 5 x 1 1  X I 1  27 
RS-5OA 37 50 6 x 13% x 11 46 

Continuous ICS' Slzc [IN) Shiprinl 
MODEL Duly (Amps) IAmP:) H x W x O  Wl. (lbs,] 
Switchable volt and Amp meter 
RS- 12M 9 12 4'12 X 8 X 9 13 
Separate volt and Amp meters 
RS-20M 16 20 5 x 9 x 10% 18 
RS-35M 25 35 5 X 11 X 11 27 
RS-5OM 37 50 6 x 13% x 11 46 

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

Contincour ICS' Size (IN] Shippin( 
MOOEL Only (Amps) (Amp:] H x W x D Wt. (Ibs.1 

@13.8VDC @lOVOC @5VDC @13.8V 
VS-12M 
VS-MM 
VS-35M 
VS-50M 

Variable rack mount power supplies 
VRM-35M 25 15 7 
VRM-50M 37 22 10 

Built in speaker 

C~ntlnucu: ICS' Size (IN) Shlppin~ 
Dutv (Amps] Amp: H x W x D  Wt. (lh:.) 

5 7 4 X 7'12 X 10% 10 
7.5 10 4 X 7'12 X 10% 12 
9 12 4'12 X 8 X 9 13 
16 20 5 X 9 X 10% 18 

.IPC-ln+a.minnnt hmmnaniratinn Cnn,irm Icln% nnltv Evrlo Srnin nn 4 rnin nm 



ber to one every 4 inches. Hal ordered 
the new cabinet drilled and tapped 
according to original specifications. 
When the work was done, he set up 
a spectrum analyzer near the transmit- 
ter and called the mechanical engineer 
over for a little demonstration. With 
each screw he removed, the level of 
the signal on the spectrum analyzer 
rose higher and higher. Hal's point 
(aside from "don't mess with my 
designs") was that a lot of fasteners 
are needed to make the shielding 

-effective. Of course, a continuous 
seam is even better. 

You can fashion brass sheet stock 
into a box (or whatever shape you 
require) for shielding purposes. Instead 
of solder tacking the thing together, 
which will work mechanically, Ise a 
soldering gun or heavy iron to dtd.4 a 
solder bead along all seams. This 
makes it essentially RF proof. Doing 
this is a bit tricky, so be prepared to 
use alligator clips (or one of those 
"third hand" bench aids) to hold things 
steady while you work. If you shop for 
any of the tools I mentioned, pick up 
a spool of iron binding wire, too. 
Jewelers use this wire to bind things 
together while soldering. Solder tack 
the pieces of your project together 
using a small, 25-75 watt soldering 
pencil. Once the solder-tacked assem- 
bly is ready, use a heavier soldering 
gun (like the Weller 0-440) to draw the 
bead around the edges. Be careful to 
fill in the gaps in the seam. 

Conclusion 
The Amateur Radio builder has a 

large array of electronic components 
and tools at his disposal. There are also 
many tools and supplies available from 
other hobbies and vocations - like the 
brass stock favored by model builders 
and the tools used by amateur 
jewelers. If you like electronic project 
construction, then go for it! 

I can be reached at POB 1099, Falls 
Church, Virginia 22041; I'd like to have 
your comments and suggestions for 
this column. 

Article C HAM RADIO 

I The industry standard RC-850 Repeater Controller can 
now talk with your computer. I 

And there's no much for them to say! 

7he '850 computer Interface lmpmves the 
manajicment of your vofce repeater system. 
It J l o tw  yo11 to command and pmgram 
Intcr;~rtlvely from your trrmlnal or 
p r sona l  computer uslng a MOLJEM or 
Imrkcl  .MC. Even prevlew and edit 
rrpcatrr mewrages by t.yplng words from 
thr  controller's \mcahulary dlrpctly lnto 
nirss:tgr sluts. 

Remevc and catalog data rr lat lng to your 
stte nlrasuremcnts. equipment statue. and 
repeatrr and rommand acttvity. Download 

and pr in t  out the tnformatlon programmed 
lnto your rontrollrr. And vlrw your system 
"front panrl- on your computer acrern. 

You'U nnd  the RC-850 controller on  the 
Ieadlng volcr repeatrrs around the world. 
ACC plonrered rrmotr programming of 
rrpeatrrs - and continurs to ploneer with. 
remote computer access Whllr the rcst 
of t h r  world Ju9t talks almul c .~ lchlng up. 
ACC mnt lnurs  to lead thr wav In  a d r a n d  
rrpeatrr  t r chno lo~v  

Now. w i th  I t s  computer Interface. the '850 
can be k s t  Mends Wth  your computer. 

Clcc advanced 
computer 
controls, inc. 

2356 Walsh Avenue, Santa Clsra, CA 95051 (408) 727-3330 

ATV CONVERTERS HF LINEAR AMPLIFIERS 
OISCOVT(I THE WORLD OF nr AHPUFERS~HOTQROLA PVLI~.TINS ftRROXCu0f OIVIC(S 

FAST SCAN TElEVISION 
c-,,~. P.". 11.1 go. HF Implam, D.,<,,F,.~ ," VKZC I. 411 R F  rhni.  

$1, ..0.6$ 18 1.#r#t. B.d 
1 I m  

Ik MOTOlOLA BJW#m 1 20 $? AN158 AN:'? AN119 lmW I I O 1 V  10W 116P 1 181 Y I  2 5  i 0  19 Em1 L O I l A  EBlM IIOW WW YXIW 1119 1410 18165 YO 15 HEATJIMKMhTELUL 
w IP ~n SAW S.II.I 61 t n m  
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EASY MONITOR 
RECEIVER 
FOR 2 METERS 
Use weather radio 
as 2-meter monitor 
By Courtney Hall, WA5SNZ, 7716 La Verdura Drive, Dallas, Texas 75248 

w ant to monitor the 2-meter band and part of 
the VH F-Hi band on the same receiver? Want 
to do it for less than $20? Read on. 

I've found an inexpensive way to monitor 2 meters. 
Simply use a modified Radio Shack weather radio; all 
you need to do is add a jumper wire. 

The receiver 
I used Radio Shack weather,radio catalog no. 12- 

181 B; it's the one housed in a 3-inch cube. It normally 
sells for $17.95, but sometimes it's on sale for as low as 
$12.95. Radio Shack also sells some other crystal- 
controlled weather radios, but this modification won't 
work on them. 

You get a lot of radio for your money in the 12-181 B. 
It's a double-conversion superheterodyne with a fixed- 
tuned RFamplifier stage. The intermediate frequencies 
(IF) are9.7 MHz* and455 kHz. It'sdesignedfor usewith 
narrowband FM signals only, Inside the IF integrated cir- 
cuit (a Motorola MC3357) there's a five-stage limiter 
amplifier. This circuit clips off amplitude modulation 
when the 9.7-MHz IF signal is 5 pV or more. You won't 
hear any modulation from AM signals, even though their 
carriers will quiet the background noise. The9-volt bat- 
tery must deliver about20 mA to the receiver during nor- 
mal listening conditions. 

This radio isdesigned to tune only the frequencies of 
the National Weather Service broadcast stations which 
operate on 162.40 through 162.55 MHz. In order to 
receive the2-meter band, you must increase the tuning 
range to cover thefrequenciesfrom 163 MHz or higher 
down to 144 MHz or below. 

*I don't know why the first IF is 9.7 MHz instead of the standard value of 10.7 
MHz, butthe Radio Shacksewice manual fortheweatherradiosaysit's9.7 MHz. 

The modification 
Receiver tuning is done with a 10-k potentiometer 

which varies the reverse-bias voltage across a voltage- 
variablecapacitancediode. Thisdiode, also called a tun- 
ing diode, is connected across the coil in the first local 
oscillator. The frequency produced by this oscillator 
mixes with the incoming signal frequency; the difference 
between the two frequencies is the first IF of 9.7 MHz. 
As the reverse-bias voltage across the diode increases, 
the diode's capacitance becomes smaller. Maximum 
diode capacitance occurs when the reverse-biasvoltage 
is zero. To make the receiver tune to lower frequencies 
(down to 144 MHz or below) you must increase the 
capacitance across the oscillator coil. To do this, 
decrease the reverse-bias voltage applied to the tuning 
diode. 

Figure 1 isa partial schematic diagram of the receiver 
circuit showing the first mixer stage, which incorporates 
the first local oscillator. L5 is the oscillator coil and D3 
is the tuning diode. Adjusting VR-2 varies the reverse- 
bias voltage across 03; this tunes the receiver to differ- 
entfrequencies. R4 is a resistor whosevalue is selected 
at the factory to produce the desired tuning range for the 
weather broadcast frequencies. Connecting a jumper 
wire across R4 lets you reduce the reverse-bias voltage 
across the tuning diode to zero volts. This gives the tun- 
ing diode its maximum capacitance and tunes the local 
oscillator frequency low enough for2-meter reception. 
The high-frequency end of the tuning range will be the 
same as it was before the modification. 

I found a few discrepancies between the schematic 
furnished with the radio and the actual circuit. Although 
Radio Shack's schematic shows a range of 47 to 150 k 
for R4, its value was 27 k in the unit I purchased. The 
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America's Communications Leader 
Presents Its All-New 10-Meter 

SSB/CW Mobile Transceiver 
Realistic, America's premier 

brand of scanners, CB radios and 
satellite TV systems, introduces the 
HTX-100. It's the perfect first rig for 
a beginning Ham and a superb 10- 
meter mobile radio for any amateur. 
Compact, yet loaded with "big rig" 
features you want. 
Pushbutton Memory nining 

An easy-to-program memory 
stores 10 favorite frequencies and 

mike-mounted pushbuttons permit 
safe and easy upldown frequency 
selection while you drive. A front- 
panel lock control prevents acciden- 
tal frequency changes. You can 
fine-tune reception with the f 1.5 
kHz RIT control. Coverage is 28.0 
to 29.6999 MHz, US6 or CW. Con- 
venient semi break-in keying and 
CW sidetone are built in. 

Selectable Power output 

speaker, front-panel headphone 
jack and a rear-panel jack for add- 
ing an external speaker. 

Join the Action on "10" 
With improving band conditions 

and new Novice voice and digital 
privileges, the 10-meter fun is just 
beginning. Be a part of it with this 
affordable, top-quality transceiver! 
#19-1101. Only $259.95, available 
todav at our store near vou. 

You can select 25-watt or 5-watt 
QRP power output from the front Exclusively at 
panel. The HTX-100 has a backlit 
LCD frequency display with mode Radio /hacH 
and tuning-step indicators. You also 
get a 5-step LED signal1RF power The Technology Storem 
meter, noise blanker, hefty 3-watt A DIVISION OF TANDY COF-II'ORATION 

Ultracompact and Includes everyth~ng you 
need for underdash ~nstallat~on audio output, high-quality built-in Pnce applles at parllclpatlng Rad~o Shack stores and dealers 

FREE 184-Page Radio Shack Catalog! Write Dept. 381, 300 One Tandy Center; Fort Worth, TX 76702 
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Partial schematic of Radio Shack Weather Radio, showing jumper modification needed for 2-meter hamband reception. 

RECESSED 
SCREW- 4 -RECESSED 

SCREW 

-ANTENNA 
MOUNTING 
SCREW 

I I 

Bottom view of Weather Radio with cover removed. 

schematic also showed R4 connected to the + 9 volt 
line instead of to the + 5.1 volt point which is itsactual 
connection. 

How to do it 
Turn off the radio by pressing the touch bar. Collapse 

the antenna to itsshortest length. Remove the bottom 
cover by pressing the latch toward the center of the 
coverand lifting it out. Disconnect and remove the bat- 
tery. 

Next, loosen but do not remove the antenna mount- 
ing screw (see fig.2 for the screw's location). Remove 
the four screws located in the deeply recessed holes of 
the case. Push the antenna mounting screw into the cor- 

RECEIVER 
PC BOARD - 

I TUNE VOLUME 

Jumper wire is connected between the two points marked 
"X. " 

ner of the case, so that the head of the screw will pass 
through the large hole. Then separate the case from the 
receiver, while guiding the battery connector through 
the opening provided. 

Cut a I-inch length of hookup wire and remove 118- 
inch insulation from each end. Solderthe wire to the cir- 
cuit side of the printed circuit board as shown in fig. 3. 
Take care that solder points sticking up from the board 
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don't puncture the insulation of the hookup wire. 
Put the radio back in its case, while guiding the bat- 

tery connector and the antenna mounting screw 
through the appropriate holes. Replace the four screws 
which hold the case on. Position the antenna mounting 
screw into itsslot and tighten. Connect the battery and 
place it in its nest. Reattach the bottom cover. 

Nowextend the antenna and turn on the radio. Tune 
in a weather broadcast and mark this point on the tun- 
ing knob with a dot of paint. This point should be near 
one end of the tuning range. You should find some 2- 
meter activity near the other end of the tuning range. 
When you do, mark thetuning knob with another color 
dot of paint. 
. That should do it. the fixed-tuned RFamplifier isstill 
tuned to the 162-MHz weather frequencies, so sensitiv- 
ity won't be optimum at the 2-meter frequencies. It is, 
however, adequate for casual monitoring. I believeany 
improvement gained by adding tuning controls to the RF 
stage wouldn't be enough to justify the effort. Good 
listening! 

Article D HAM RADIO 

HAVE FUN 

20 METER 
AM! 

Convert a Radio Shack TRC-218 AM CB handheld, 
model 21-1638A to 14286 Khz., the 20 meter SPAM 
frequency. RF output 1-2 watts, receive sensitivity 0.8uv 
for lOdb S+NIN. Just plug in 2 crystals, replace and 
add capacitors only, and tune up! 

Send check or money order for $79.95 to: 
Boucher Electronics 
WB3ELL 
P.0. Box 334 J 185 
Erie, PA 16512-0334 

Crystals for many 
applications 

For over 37 years. ICM has 
manufactured the finest in 
quartz crystals for every 
conceivable purpose 

A wide selection of holders 
are available to fit most any 
requirement. Our compilter 
database contains crystal 
parameters for thousands ol 
equipment types. 

Need crystals for 
communications, telemetry. 
industrial, or scientific 
appllcations7 Let !CM's 
sales department assist you 
to determine which type of 
crystal is best for you. 

Can we solve your 
crystal problem? 

For special purpose 
crystals, speclal holders. 
spec~al sues, call our crystal 
sales department. We will 
be pleased to provide 
recommended data. 

International Crystal 
Manufacturing Co., Inc. 

P O  Box 26330 701 W Sher~dan 
Oklahoma C~ty .  OK 73126-0330 
Phone (405) 236-3741 
Telex 747-147 
Facs~rn~le 14051 235-1904 
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MULTIBAND Increase your station's 
output power 
at minimal cost 

By Robert Wilson, KL7ISA, Box 34298, Bethesda, Maryland 20817 

A n audio processor is a circuit between the 
microphone and the radio frequency modu- 
lator in a transmitter's audio system. A 

properly designed processor gives a real boost to your 
transmitter.' A 1.5-kW PEP Amateur station can run 
an effective 12 kW to its antenna with the addition of 
a multiband speech processor. 

I've designed a simple SSB speech processor built 
with parts from the local radio store. This processor 
will give your signal about a 6 to 9-dB increase in sig- 
nal readability or "punch" in the presence of noise or 
interference. 

Communications speech processors should make 
the spoken word more intelligible in the presence of 
noise. These processors don't necessarily need to 
retain a natural sound, as would a processor designed 
for broadcast use. According to John Birch, WSJB, 
Chief of Audio Engineering for the Voice of America, 
there's a big difference between the various types of 
processors. Their design is based on the kind of sound 
a station desires and the particular function it requires. 

I found that processing is more efficient if you break 
the voice down into several different voice bands. This 
lets you optimize, clip, and adjust each band separately 
for the required level. Then the signals are added 
together and clipped once more. The output gain is 
equalized to the unprocessed microphone level, and 
the processed audio is sent to the transmitter. 

It's easy to build a speech processor like mine. The 
schematic is shown in fig. 1; it's constructed using 
a "perfboard" layout. I bought all my parts at the local 
Radio Shack, but sometimes had to series resistors 
together to get the correct values. I used high quality 
0.01-pF film capacitors to determine frequency. I kept 
all leads as short as possible to avoid RF pickup, and 
shielded the input and output audio leads for the same 
reason. My circuit incorporates the well-known "tack 
together and solder blob" style. A real printed circuit 
board would speed things up a lot and assure that 
there are no errors. 

Upon completion, I checked the circuit to make sure 
there were no shorts and that it followed exactly the 
schematic I had drawn. As a finishing touch, I 
mounted the speech processor in a metal project box 
with silicone glue, checking for unwanted grounds to 
the box. 

This speech processor is almost foolproof. It's pos- 
sible to turn all four pots to maximum, plug in any low- 
impedance mike, and obtain fair results. For best 
results, get a noise-canceling power microphone 
(Radio Shack has them) and plan to dedicate it to this 
processor. The noise-canceling mike prevents back- 
ground noise from increasing and blanking out the 
desired weak voice signal sounds. For best operation, 
tune the processor for your own voice, microphone, 
transmitter, and same general size of speaker where 
you expect your signals to be received. After your final 
tuning, lock the controls and forget them. They are 
personalized and shouldn't need to be touched again. 

I found that the Radio Shack amplified microphone 
required special RFI suppression to operate in my high- 
powered mobile station. I opened the case and placed 
a very small 0.001-pF ceramic disk capacitor between 
terminals 9 and 10 on the pc board. (This capacitor 
must clear the side of the case or it will be impossible 
to reclose the microphone properly.) 

The tune-up procedure requires rotating all four con- 
trols to maximum. Plug the processor output into your 
mike jack and your transmitter ;nto a dummy load, or 
use a dead band for tune-up. Let the modulation con- 
trol on the transmitter for normal output level on voice 
peaks. Now with the help of a friend or a second 
receiver, tune in your own signal. If possible, try a 
speaker the same size you'd expect most DX opera- 
tors to use. 

Try adjusting the low-frequency band control first, 
using a standard test sentence like "the quick brown 
fox jumped.. ." This band contains most of the power 
audio frequencies, but it's not the band that contains 
most of the intelligence. Be very critical of what you 
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TEST POINT FOR SCOPE 

0 1 - 8  = I N 4 1 4 8  
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(DUAL 7 4 1 )  
RFC = 1 0 0 p  H 

0 7  

' 2 2 k  FOR POWER M l K E  
lOOk FOR AVERAGE M l K E  

Schematic diagram of the multiband speech processor. 

hear. Use the criterion, "Can I understand this signal 
better in the presence of noise?" not "This signal 
sounds more natural!" Adjust the high-band control 
using the same criterion. Finally, adjust the mid-band 
control if necessary. You'll probably need two or three 
adjustment sessions before final control lockdown. 

When you're through tuning the three band level 
controls, your voice may sound a bit harsh, but not 
particularly strident. If you have an oscilloscope, you 
can turn the processor off and measure the micro- 
phone audio peaks. Look only for the peaks - the 
processor will change the audio density greatly. The 
change shows up clearly on the scope. Now you can 
compare the results of processed audio with the 
unprocessed audio simply by switching between the 
two. The results should be remarkable even to an 
untrained ear. 

At 1 kW my mobile station is considerably larger 

than most, but I still need lots of effective power to 
compete with fixed stations running 1.5-kW PEP and 
using beam antennas. That's why I added the multi- 
band speech processor in line with the microphone. 
I set the transmitter modulation control to run full 
power with the processor turned on. Power peaks in 
this situation are about the same with the processor 
on or off. When I switch it off, my signals are unus- 
able in the presence of noise or QRM - but with the 
processor on I can compete with the crowd. I believe 
it adds a good 6 to 9 dB to the effective power of my 
station under these conditions. This boost is the 
equivalent of 8 kW or 3 S-units. It certainly makes a 
difficult transmitting situation easier and helps me 
work mobile DX. 

Reference 
1. W.W. Smith, WGBCX, "Premodulation Speech Clipping and Filtering," 
OST, February 1946 
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products 

Ultra-compact lC-725 
HF transceiver 

ICOM has introduced the compact IC-725 HF 
tra?scetver The all-mode IC-725 features 

USBlLSBlCW transmtttlng and recetvlng, 
AM recelvlng, opttonal module no UI-7 for 
FM transmlt/recelve, and AM transm~t 
Twenty-stx tunable memorles w~th band 
stacklng registers 
DDS (Dlrect D~g~ta l  Synthes~zer) system 
Bull! In AH-3 controller (Opl~onal AH-3 
automatic antenna tuner avallable) 
Three scannlng systems programmable. 
memory, and selected mode 
Pr~or~ty watch. 
105-dB dynamic range recelver 
160 through 10-meter operat~on Short-wave 
receot~on from 30 kHz to 33 MHz 

Other features include- panel-selectable RF 
preamp and attenuator, dual VFOs, nolse 
blanker, RIT, sernl-break In CW, selectable AGC. 
a full-duty cycle, and opt~onal narrow CW filter. 

The suggested retatl price of the IC-725 IS 

$949. For more lnformatlon contact ICOM 
Amerca, Inc., 2380 116th Ave., NE, PO Box 
C-90029. Bellevue, Washington 98009-9029 

Circla U301 on Reader Service Card. 

High power, special 
purpose baluns 

RADIO WORKS has three new types of 
baluns. The B1-2K and B1-4K Util~ty baluns are 
low-loss, wtdeband. 1 . l .  "current-type" 50.ohm 
baluns w~th large, saturat~on-res~stant ferr~te 
cores. Controlled wlndlng reactance glves a 
nearly flat VSWR curve from 160 lo 10 meters. 
Power ratlng IS 1500 watts for the B1-2K and 4 
kW for the B1-4K. All connecttons are soldered 
and leads from the Internal transm~sston llne 

brought outside the case for dlrect conneclton 
to the antenna wlre. Each balun is completely 
potted. They are des~gned for use In wtre 
antenna systems. The prtce IS $15.95 for the B1- 
2K and $1995 for the 01-4K. 

The RemoteBalun ' mounts outs~de where 11 
connects to a balanced transmlsslon llne A short 
length of low-loss coax~al cable connects the 
balun to a Transmatch 

Power ratlng IS 15 kW rn low-duty cycle CW 
and SSB appllcat~ons. the prlce IS $27 Opttonal 
interconnect coax~al cables w~th connectors are 
avallable 

The C sertes (Stlck Balun@) llne 1s for retrof~t 
appl~cal~ons In ex~stlng wlre antennas and 
beams The C1-2K enhances antenna operat~on 
by lmprovlng transmlss~on llne lsolat~on and bal- 
ance The Stlck Balun ts a low~loss des~gn wtth 
h~gh  transmlsston l~ne lsolatton Wtnd~ng reac- 
tance IS 1100 ohms at 3 5  MHz Power ratlng IS 

1 5 kW and the core saturat~on resistance 1s htgh 
Phase delay 1s 2 6 degrees at 3 5  MHz There 
are 75-ohm models avallable for use w~th the 
quarter-wave rnatchlng sect~ons The prlce for 
the C1-2K and C75-2K IS $1595 H~gher power 
models are avallable 

For more lnformat~on or a catalog, wrtte the 
RADIO WORKS at Box 6159 Portsmouth. Vlr- 
glnla 23703 

Circle 1302 on Reader Service Card. 

Voltage surge protection 
American Voltage Products surge protect~on 

dwtces prov~de the home and cornmerc~al user 
w~th equ~pment protectton at optlmum dollar 
value 

The VSS-1 1s for use on any 120-Vac s~ngle or 
three-phase dtstr~but~on panels and clamps at 
160 Vac whlle prov~dlng 70000 watts and three 
leg protectton The untt comes wRh 18-~nch leads 
and protects computers VCRs, stereos, type- 
wr~ters FAX machtnes. TVs, telephone systems. 
process controllers, motors microwave ovens 
home v~deo games, appl~ances and more 

The VSS-7 coax~al power cube (standard 
1 4 " x l  2" x8") has male and female coax con 
nectors The un~t 1s rated to clamp at 160 Vac 
w~th a 70.000-watts ratlng. 6.500 A maxrnum 
The cube 1s designed for use w~th 75-ohm cable 
and 1s appl~ed In data llnks In bulldlng coax net. 
works or. the antenna s~de of cable televls~on 

For more lnformat~on contact Amerlcan Voll- 
age Products. Inc , 18 Morse Drlve. Essex Junc- 
t~on. Vermont 05452 

Clrcle U303 on Reader Service Card. 

Full remote frequency con- 
trol with FC-900 Interface 

Advanced C o m p u t ~ r  Controls. Inc 
announces the new FC-900 Interface, supported 
by several of 11s repeater controllers The FC-900 
Interface permtts use of the ICOM IC-900 trans- 
celver band un~ts as remole base and llnk tran- 
scetvers The system approach 1s cost effecttve 
as only the band untts are needed, not the ICOM 
f~ber optlc controller and interfaces Hookup IS 

slmple 
Full remote frequency control 1s avallable 

through Touch-Tone commands Amateur fre- 
quencles are supported on SIX bands from 29 
to 1300 MHz 

Remote bases and llnks let you extend the 
range of the repeater, llnk ~t to other repeaters 
for emergency and publlc servtce use, and ben- 
eflt from the stte elevat~on on all bands 

-- ------ 

The prlce of the FC-900 Interface IS $225 An 
opt~onal programmable CTCSS encoder 1s $25 
For more lnformat~on contact Advanced Com- 
puter Controls. Inc ,2356 Walsh Avenue. Santa 
Clara. Cal~fornta 95051 

Circle #304 on Reader Sewice Card. 

Two new repeater modules 
Hamtron~cs. Inc has announced two new 

products for bulldlng VHF and UHF repeaters 
The COR-4 CORlCWlD rnodule 1s a new low- 

power un~t whlch comblnes all the features of 
the CWlD and COR-3 (lncludlng courtesy beep) 
~n one 3" x7" module Thts new untt uses CMOS 
loglc and an EPROM for programming 

Introductory prlce IS $99 for the k ~ t  or $159 wlred 
and tested 

The TD-3 Subaud~ble Tone DecoderIEncoder 
can be used w~th any subaud~ble tone on Ham- 
tronlcs or most other receivers It has repeater 
servlce features (I~ke remote onlotf capabll~ty 
when used wlth TD2 Touch-tone rnodule) The 
prlce 1s $24 for the ktt. $69 wlred and tested 

For a catalog on the entlre llne of repeater 
modules send $1 to Hamtrontcs. Inc ,65-F Moul 
Road. Hllton. New York 14468-9535 
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NEW BOOKS 
ARRL ANTENNA BOOK 
by Jerry Hall. KlTD. NEW 15th Ednian 
The all new 15th edltlon 01 thls antenna class~c represents over 
two years of hard work by ed~tor KtTD It r doubled In slze too 
--lrom over 300 to over 700 pages blgl 950 l~gures and charts 
cwer lust about every sublect Imaginable Some of the h~ghl~ghts 
are. Chapters on Loop antennas, multi-band antennas, low Ire- 
quency antennas. portable antennas. VHf and UHF systems. 
coupllng the antenna to the transmitter and the antenna, plus p-I- 
e-n-I-y more. L ~ k e  the 1988 HANDBOOK and new OPERATING 
MANUAL. the new ANTENNA BOOK IS go~ng to be a smash h ~ t .  
Order yours today. 15th ed~ t~on  900 + pages 1988 
AR-AM Sonbo~nd $17.95 

NOVICE ANTENNA NOTEBOOK 
by Doug OsMaw WlFB 
Nov~ces have long wondered what is the best all around antenna 
tor them lo install Up un t~ l  now, th~s  was a d~ t l~cu l t  questton to 
answer Almed at the newly l~censed Ham. OeMaw wr~tes lor the 
non-englneer ln clear conclse language w ~ t h  emphasls on easy-to- 
bulld antennas. Readers will learn how antennas operate and 
what governs perlormance Also great read~ng lor all levels of 
Amateur Interest. 1st Ed~ t~on  (61988. 
AR-NAN S o n b ~ n d  57.95 

THE 1989 ARRL HANDBOOK 
FOR THE RADIO AMATEUR (Avail. late Oct. 1988) 
Rev~sed and updated w ~ t h  the latest In Amateur technology. now 
IS the tfme to order your very own copy ol the world lamous ARRL 
HANDBOOK. In addltlon to belng the det~nfl~ve reference volume 
tor your Ham shack, there are plenty ot prolects lor every Interest 
~n Amateur Rad~o - lrom antennas lor every appl~cat~on to the 
latest state-ot.the-art prolects - you'll tlnd 11 all In the 1989 
HANDBOOK Order now and we w ~ l l  s h ~ p  as soon as the b w k s  
arrlve lrom the prlnter They make perfect gftts lor the hol~day 
season lor your hard-tobuy lor Ham lr~ends or tor yourselt Over 
I 100 pages ( i 1 9 8 8  
;AR-HE89 Hardbound $20.95 

N6RJ's ELECTRONIC SECOND OP 
lor MS-DOS computers 
by Jim Raflerty N6RJ 
The world lamous SECOND OP 1s now ava~lable In a state-01-the- 
an  ComDulerlzed data base Thls program, wr~tten lor MS.OOS 
computers. IS a musl lor OX'ers, contesters and all Amateurs In. 
teresred In rel~able DX commun~cat~on Data can be d~splayed 
ellher ~n columnar format or ln lull screen dlsplays Unknown 
calls~gns can be entered and compared to the ITU calls~gn alloca- 
tlon lor easy ~den t~ l~ca t~on  There's plenty more too such as 
postal rates, beam headlngs and OSL bureaus to name lust a lew 
Great program lo have In your shack Order y w r ' s  today 

1988 MS-DOS computers 5'14 and 3'/2 verslons ava~lable 
Please spec~ly on your order 
. CB-RJ (MS-DOS Computers) 559.95 

1989 AMATEUR CALLBOOKS 
(Available late November 1988) 

NORTH AMERICAN EDITION 
Fully updated and ea~ted to Include all the latest FCC and lorelgn 
government calls~gns and addresses lor Hams In North Amer~ca 
Includes plenty ol handy operating a~ds  such as t~me charts. OSL 
bureau addresses. census ~nlormat~on and much more Calls 
lrom Northern Canada to trop~cal Panama Now IS the tlme to buy 
a new Callbook when you'll get the most use out 01 your Invest. 
men! 1988 
L CB-US89 Sonbound 525.95 

INTERNATIONAL EDITION 
OSL s are a very Important part 01 our hobby All sorts 01 
awards, ~nclud~ng the coveted OXCC, requlre cont~rmat~on 01 con. 
tact before Ihe award can be Issued 01 spectal Interest, ad- 
dresses are being added dally lor Hams In the USSR and other 
counlrles Whlle In no means complete. 11 s a star1 and wlll be ot 
tremendous help In getting OSLs Handy operallng a ~ d s  round 
out th~s super book value - I988 

CB-F89 Softbound 528.95 

BUY 'EM BOTH SPECIAL 
Reg. $54.90 Only $49.95 

SAVE $4.95 

Please enclose $3.50 shipping & 
handling. 

(800) 341 -1 522 
(ORDERS ONLY) 



NEW BOOKS 
PASSPORT TO WORLDBAND RADIO 1989 Edition 
Brand nea and lullv rei Sed SWL s everywhere will w a i l  d copy 
lor lhe~r lhbrary Expanded to 416 paqes the book now Includes 
a blgger and better buyer s gulde an lnlervlew w ~ l h  James 
Mtchener an excltlng real l ~ l e  drama 01 one SWL s escape lrom 
Iran plus much more Also lncludes all the latest broadcast 
Schedules lrom countries around the world You re up to date 11 
you have a copy of lhls new book by your rad~o 416 pages 1989 
Ed111on 1988 

IBS-RD189 Soflbwnd $14 95 

MASTERING PACKET RADIO: the hands on guide 
by Dave lngram K4WJ 
Packet radlo continues lo grow at a rate thal boggles the mtnd 
This new book appeals lo all levels 01 packel rad~o enlhuslasls 
from novlces lo experls al~ke Full of lllustrallons and wrlllen ln a 
s~mple easy.loundersland style Toplcs covered Include a baslc 
prlmer home compulers and data communlcallons terminals a 
survey 01 equipment avallable how lo set up a slallon plus much 
more Greal compliment lo the olher packet books ava~lable 208 
pages 1988 Is1 ed~ t~on  

22567 Soflbwnd $12 95 

THE ARRL SATELLITE ANTHOLOGY 
Taken from the pages 01 lhe Amaleur Salelllle News Column ln 
OST lncludes the latesl ~nlormat~on avallable on OCSARs 9 
through 13 as well as the Russ~an RS satell~tes Full coverage 1s 
glven to Phase I l l  OSCAR 10 and 13 satell~tes Also includes an 
unpubl~shed arllcle delalllng UoSAT.OSCAR 11 operallon Dlg~tal 
modes lracklng anlennas RUOAK microcomputer processing of 
telemetry plus much more 1s conlalned In lhls valuable new 
volume 11 2 pages 1988 

AA-SA Soflbwnd $4 95 

22nd CENTRAL STATES VHF SOCIETY 
CONFERENCE PAPERS 
P~pers In lhls b w k  were submitted lor the 1988 Central Slates 
V H ~  Soc~ely meetlng lncludes M~crowave EME predlctlng 144 
MHz ES openlngs malchlng versus nose l~gure trade 011s ln 
pre amps 902 MHz lransverter power ampllfler and anlennas 
how lo measure your own K Index plus much more A must 
publ~cal~on lor Ihe actlve VHF er 1988 

AR-22CS Softbound $11 95 

GENIUS AT RIVERHEAD a profile of 
H. H . Beverage 
by Alberta Wallen 
Born at Ihe very beglnnlng 01 the rad~o age Harold Beverage IS 
one of rad~o s ploneers Most know him lrom h ~ s  development of 
the Beverage or wave type receiving anlenna Learn about the 
career ol lhls brllllant englneer In thls easy to-read b~ography 
Slartlng w ~ l h  GE In 1917 and movlng lo RCA ~n 1920 Beverage 
was lnvolved In Some 01 the most excltlng aspects of rad~o 01 
particular lnteresl 1s a reprlnt ol Ihe famous November 1922 OST 
arllcle descr~blng Ihe wave anlenna Includes 35 photos 130 
pages 1988 
NH-BEV Hardbwnd $15 95 

THE "GROUNDS" FOR LIGHTNING & 
EMP PROTECTION 
by Roger Block. PolyPhaser Corpwaton 
Here s a sublecl thal has never really been lully covered ln 
Amateur Illeralure This 116 page text conlalns a comprehensive 
analysls 01 proper groundlng and protection agalnsl l~ghlnlng and 
olher EMP disasters lncludes ~nlormat~on for all klnds 01 elec- 
lron~c gear radlos. telephones, computers. Ethernet. CATV. 
TVRO. and securlly systems lo name lust a few 01 Specla1 ln- 
lerest 10 Hams are chaplers on low ~nduclance grounds and Con- 
necllons guy anchor groundlng and how lo ground Inside Ihe 
 hack Everv Ham should have a copy 1st ed~llon 116 pages 

1987 
PP-GLEP 

Please enclose $3.50 shipping & 
handling. - 

HAM w m  - 
RADBO (603) 878.1 441 
GREENVILLE, N.H. 03048 

(800) 341 =I 522 
(ORDERS ONLY) 
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ST-8000 HF Modem 
I HF radio teleprinter slgnals exhlblt 
l g  and distortion, requirements that cannor ~e 

, I ,nlsured by standard constant amplitude BER and 
distortion test procedures. In designing the 
HAL has gonethe extra step beyond traditio~ 
and design. Our noise floor is at -65 dBm, not 
dBm as on other units, an extra 35 dB gait1 rnurulri 

3ndle fading. Filters in the ST-8000 are 
~r-phase design to give minimum puls 

8 Programmable Memories 
Set frequencies in 1 Hzsteps 
Adjustable Print Squelch 
Phgse-continuous TX Tones 
Split or Tranxeive TXIRX 
CRTTuning Indicator 
RS-232C. MIL-188C, or l l L  Data 
8,600, or 10KAudio Input 

Yrite ( or call for 1 

9 ST-8000. 
nal test 
.at-30 - 

distortion, not sharp-skirted filters with high phase 
distortion. All signal processing is done at the input 
tone frequency: heterodyning Is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
Bandwidths of the input, MarklSpace channels, and 
post-detection filters are all computed and set for 
the baud rate you select,from 10 to 1200 baud. Other 
standard features of the ST-8000 include: 

Signal ~egeneratlon 
Variable Threshold Diversity 
RS-232 Remote Control 110 
100-1301200-250VAC. 44-440 HZ 
AM or FM Signal Processing 
32 steps of MIS filter BW 
Mark or Space-Only Detection 
ninital Multipath Correction 

FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter PTT Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
? 5" High Rack Mounting 

eci fic 

HAL Communications Corp. 
Government Products Division 

1 Post Office Box 365 
Urbana, Illinois 61801 

- (217) 367-7373 TWX 910-245-nTRa 

IS. 
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DUAL ON THE HWY. nobody else on the road who can Not to mention all the features 

When it comes to power, price match our two-year limited needed for a complete home system 

and performance, nothing can catch warranty. And, as an extra added dimen 

Alinco's DR 5lOT mobiledual bander. The DR 510T gives you sion, it can be modified to 

Forty-five watts on VHF and cross bandlfull duplex, operate as a portable 

thirtyfive watts on UHF put more 37 standard subaudible 
wer tones, encodeldecode 

and an internal DR 510T out for a 
duplexer. It also has "test drive'.' You'll 
CAP and MARS 



ANALOG PANEL 
METERS 

Take advantage of 
analog panel meter 
benefits 

By Hugh Wells, WGWTU, 141 1 18th Street, Manhattan Beach, California 90266 

ven though most electronic devices are digital 
these days, analog meters are still popular. You 
can find them at garage sales, swap meets, sur- 

plus outlets, and in many Amateurs' junkboxes. There's 
a good, reasonably priced selection to choose from. 
Panel meters were designed as single-application indi- 
cators, but you can easily convert them to other uses 
with external circuitry. 

Because some meters have unusual markings, many 
shoppers bypass valuable ones at swap meets in lieu of 
those that look more familiar. A meter's value lies in its 
sensitivity and its ability to adapt to a new use, regard- 
less of its original scale markings. If you're careful, you 
can changescale markings on non-hermetically sealed 
meters and increase the instrument's versatility. 

The more you understand about a specific instru- 
ment, the easier it is to use. My computer program* 
helps me develop external circuit values to meet new 
applicationsfor my panel meters, using the techniques 
that follow. 

Theory 
Meters are used to measure voltage, current, resis- 

tance, power, RPM, temperature, and other electrical 
and electro-mechanical functions. Each converts a func- 

'Send a large self-addressed stamped envelope to Ham Radio Magazine, Green- 
ville, New Hampshire 03048 Ask for WGWTU computer program. Ed. 

tion to an electrical signal, and then toa pointer position 
on the meter scale. There are many types of meters that 
provide indications of an electrical quantity. Analog 
panel meters are current operated (versus electrostatic). 
Current-operated meters work asa result of electromag- 
netic motor action, where the mechanical movement of 
a pointer is proportional to a magnetic force. The force 
develops between a permanent magnet and the mag- 
netic field created around a coil of wire through which 
a current flows. 

Two of today's popular meter movements use elec- 
tromagnetic motor action: the plunger (moving iron) and 
the D'Arsonval type. The D'Arsonval usesa moving coil, 
and is preferred because of its indication sensitivity and 
repeatability. The plunger-type meter is more suitable 
for applications where the accuracy of an indication is 
unimportant. 

The D'Arsonval meter uses a horseshoe magnet with 
its open ends close together, creating a magnetic gap. 
Soft iron pole pieces with semicircular ends are fitted to 
the ends of the magnet to narrow the gap, and create a 
uniform magnetic-field pattern that translates to a linear- 
scale indication. The semicircular endsfaceeach other, 
forming a round gap area. Some meter manufacturers 
cut the pole pieces on a bias. This creates a nonlinear 
function which satisfies a particular application. The 
majority of pole pieces are cut straight to provide linear 
indications. A round piece of soft iron is mounted 
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AVCOM for brochure and specifications sheet. 
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TECHNOLOGY 
DOWN TO EARTH 

500 SOUTHLAKE BOULEVARD RICHMOND, VIRGINIA 23236 804-794-2500 
FAX: 804-794-8284, TLX: 701 -545 



between the semicircular pole pieces, concentrating the 
field pattern within the gap. 

A moving coil, made df many turnsof small diameter 
wire wound into a rectangular shape, is mounted length- 
wisearound the center pole piece. Some coilsare wound 
onto an aluminum framelbobbin; others have no bob- 
bin. In either case, the coil must be lightweight, with a 
shape that lets it move freely in the gap between mag- 
net and center pole. 

Pointed-wire pins called pivots are mounted (usually 
cemented) to the coil in the axis of rotation, along with 
spiral springsand an aluminum pointer. The pivots pro- 
vide a low-friction bearing surface for the coil. In some 
meters the coil is mounted with a taut band instead of 
pivots. The taut band reduces the bearing-surface fric- 
tion and improves indication accuracy and repeatabil- 
itv. A twist in the taut band creates the return spring 

Typical internal-resistancevaluesas a function of coil 
current. 

'"7 R, (ohms) 
15-20 pA 4000 

50 pA 1200 
100 /LA 850 
200 ,LA 600 
500 pA 150 

1 mA 76 
2 mA 60 

5-10 mA 16 

in parallel with MI and decreased in value until MI indi- 
cates exactly one-half the full-scale value. . - 

You may need to adjust R1 slightly to maintain the 
same total current indicated by M1 while at full scale. 

I 1 Meter M2 is an indicator ensuring that total current 

Technique for measuring internal resistance. 

function provided by the spiral springs used with pivots. 
The complete coil assembly is called a meter movement. 

Internal resistance 
Wound wire makes up the coil portion of the move- 

ment. The wire has a resistance depending on wire 
diameter and length. The completed coil has an internal 
resistance (R,), which you need to consider during all 
external circuit calculations. Therearesomeapplications 
(like voltmeters) where R, is small compared to the mul- 
tiplier resistance and can be disregarded. Meter appli- 
cations involving a shunt (an ammeter, for instance) 
require that R, be considered in the external resistance 
calculation. 

Generally the value of R, is unknown, but you can 
determine it using an indirect measurement method. 
Attempting to measure R, by direct means (as with an 
ohmmeter) could cause excessive current or voltage to 
be applied to the meter coil and damage it. An indirect 
measurement method is shown in fig. 1. This method 
involves adjusting R1 for a full-scale deflection of MI 
with a voltage source (El .  nesistor R2 is then attached 

remainsconstant as you adjust Rl and R2. In theory, the 
resistance of R2 is exactly equal to R,, and the com- 
bined current of R2 and MI is equal to the original MI full- 
scale current. You can measure the resistance of R2 with 
an ohmmeter for the value of R,, after disconnecting it 
from M1. The indirect method yields a reasonably 
accurate value of R,, suitable for external circuit calcu- 
lations. 

Table 1 shows a listing of R, values developed 
emperically from meters of different current ranges and 
manufacturers. You may use thetablevaluestoestimate 
R, as a function of current. However, there's no 
specific value of R, suitable for all meters of a specific 
current range. The actual R, value varies by manufac- 
turer, full-scale current value, strength of the magnet, 
gap spacing, and the number of turns and diameter of 
wire on the coil. Identifying an R, value to within 20 per- 
cent of actual is usually sufficient for most Amateur 
applications, but a closer value may improve calibration 
accuracy. You can correct the meter calibration error 
introduced by an estimate of R, when selecting your 
external resistors. 

Accuracy 
An instrument's measurement accuracy depends on 

many factors. These are functions of manufacturing 
tolerances and external circuitry. The typical accuracy 
of a D'Arsonval panel meter is2 percent. That tolerance 
degrades to 3 to 5 percent with the addition of external 
multiplier resistorsand rectifiers. Meter accuracy is nor- 
mally determined at the full-scale value, and the result- 
ing error is applied to all remaining scale indications. 
Some measurement applications require an accurate 
single-point indication. A 2-percent full-scale instrument 
with low-pivot friction and repeatable pointer position- 
ing can yield a single-point calibration accuracy of 0.5 
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DC voltmeter 

Single-range DC voltmeter. 

percent or better. But, you should consider other points 
on the same scale as having an accuracy depending on 
the full-scale tolerance value - not equivalent to the 
single-point calibration accuracy. 

Sensitivity 
You can define meter sensitivity by either full-scale 

current or ohms-per-volt value. Meter sensitivity is most 
commonly defined in ohms-per-volt. It's determined by 
the amount of resistance that must be used in series with 
the meter to cause a full-scale deflection when 1 volt is 
applied. For instance, a 1 -mA meter hasa sensitivity of 
1000 ohms per volt, and a W P A  meter has20,OOO ohms 
per volt. Disregard the internal resistance (R,) value 
when determining sensitivity. 

Applications 
Whether you can use a meter directly depends on its 

application and theexternal circuit in which it's placed. 
Few panel meters are used without external circuitry. 
Resistors are added externally for DC applications; resis- 
tors and rectifiers are added for AC use. You may use a 
bridge rectifier in a metering circuit to satisfy a nonpola- 
rized DC application. The changes in scale factor result 
from the addition of the rectifier. 

To use a panel meter asa voltmeter (see fig. 21, you'll 
need a series-connected resistor (R1 1 to reduce the cur- 
rent to the desired amount. Determine the value of R1 
by: 

where 
R1 = multiplier resistor value 
R, = internal resistance of M 
I, = full-scale meter current 
E = desired full-scale voltage value 

A single multiplier resistor satisfies the need to meas- 
ure voltages less than the full-scale value. Switching 
additional resistors into the circuit for R1 lets the meter 
function over different voltage ranges. I've shown two 
multiple-range circuit techniques. Figure 3A shows a 
switch used to select an independent value of R1 for 
each desired range; fig. 3B showsstacked incremental 
resistor values. Determine the value of each resistor by 
using eqn. 1 for fig. 2. Now you can determine thevalue 
of each resistor sequentially, after calculating R1. (R, 
is usually disregarded.) Define each additional range 
resistor by calculating the total resistance value, then 
subtracting from it the sum of the previously determined 
values (see eqn. 2). 

where 
R, = total multiplier resistance value 
ERange = desired full-scale range voltage 
I, = full-scale meter current 
R, = internal resistance 
R1.4 = incremental-range resistance value 

You can consider tradeoffs when selecting one rang- 

LO w 
RANGE 1 ,-iR2 

RANGE 

E 

Multiranging voltmeter. (A) lndivldual resistor multiplier. (6) Stacked resistor multiplier. 
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9 Early Reservation Information 
Qeneral Chairman, Bill McNabb, WD8SAY Asst. aeneral Chairman, Ed Hillman, N8ALN 

1989 Deadlines 
Award Nominations: March I 5  
Lodging: April 7 
License Exms: March 26 
Advance Registration and banquet: 

USA - April 4 Canada - March 3 1 
Flea Market Space: 
Spaces will be allocated by the Hamvention 
committee from all orders recieved prior to 
February 1. Express Mail NOT be necessary1 
Notification of space assignment will be mailed by 
March 15, 1989. 

Giant 3 day flea market Exhibits 
License exams Free bus service 
CW proficiency test Door prizes 

Flea market tickets and grand banquet tickets are 
limited. Place your reservations early, please. 

Aea Market Tickets 
A maximum of 3 spaces per person (non-transferabIe). 
Tickets (valid all 3 days) will be sold IN ADVANCE 
ONLY. No spaces sold at gate. Vendors MUST order 
registration ticket when ordering flea market spaces. 

Spedal Awards Information 
Nominations are requested for 'Radio Amateur of Qeneral Information: (5 13) 433-7720 
the Year,' 'Special Achievement' and Technical or, Box 2205, Dayton, OH 4540 1 
Achievement' awards. Contact; Hamvention Awards Lodging Information: (5 13) 223-26 12 
Chairman, Box 964, Dayton, OH 4540 1. (No Reservations By Phone) 

License Exams 
Novice thru Extra exams scheduled Saturday and 
Sunday by appointment only. Send FCC form 6 10 
(Aug. 1985 or later) - with requested elements 
shown at top of form, copy of present llcense and 
check for prevailing ARRL rates (payable to 
ARRLDEC) to: Exam Registration, 8830 Windbluff 
Point, Dayton, OH 45458 

Lodging 
Please write to Lodging, Dayton Hamvention. 
Chamber Plaza. 5th & Main Streets, Dayton. OH 
45402 Or refer to our 1988 Hamvention program for 
lodging information which includes a listing of 
hotel/moteis located in the surrounding areas of 
Dayton. Reservations for the surrounding area will 
then become the responsibility of the individual. 

HAMVENTION is sponsored by the Dayton Amateur Radio Association Inc. 
.----(*I--.*-.11111----3----.1.----C---II-I--I--.c-111----- 
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with REAL SPEECH! 

No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

Mark 4 i n  capability and features. That's words in any languages or dialect and your own voice 
whv Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 

and commercial repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 

Masterrv real speech . voice alerts. Create unique ID and tail messages. and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

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

wcno c o w m o L  sPEclnLTl 
Division of Kendecom Inc. TELEX 4932256 Kendecom 

23 Elm Park, Groveland, MA 01834 (508) 372-3442 FAX 508-373-7304 

SUPER PERFORMANCE BATTERIES 
SUPER ICOM SUPER YAESU 

SUPER ICOM 'BP-7s. 13 2 volts. 
900ma. double Ihe capaclty of the 
lcom BP-7 5w output 
SUPER ICOM BP-8s. 9 6 volts. 
1200ma. 50% more capaclty than the 
lcori BP.8 
Bolh are raptd base charge only. or 
sl~de ~n wall charper. 4 Inches 
h ~ q h  BP-7s or BP-0s $69 00. 

SUPER KENWOOD 

SUPER YAESU FNB-4SH. 12 volts. 
1000ma. double the capacity ot the 
Yaesu FNR-4, 5 watt oulput. Rap~d 
charge only. $71.00 
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standard wall charqer or drop In lor Yaesu FT-404R1207R1208Rl708R lcom BP-5 (500ma) $30 00 

$27 00 ~com BP-7 (500rna) $35 00 
charger 3 Inches hlgh $65 00 lcom BP-8 534 00 

Add $4 00 shlpplng & handllng lor llrsl pack CT restdenls add I%% lax 
Complete line ol NlCAO packs lor Icom. Kenwwd. Yaesu. Tempo. Santec. Azden. Cordless Telephones. 
Alkaline. Nlcad, and Gell-Cells All NlCAD packs Include a 1 year guarantee Comrnerclal Radio Packs also 
available 
For all your battery needs, write or call today tor a complete catalog. Dealer inquiries invited 

Made bv Hams lor Hams 
SEE YOU AT DAYTON 

m 
IIIIIIWWPW!X inc. 

V M  149 Palmer Road Soulhbury CT 06488 

(000) 634-8132 In CT (203) 264-3985 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

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

too old or new for us. 

4033 Brownsville Road 
re Trevose, Pa. 19047 - 2 1 5-357-1 400 
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Ammeter circuits. (A) Shunt multiplier. (B) Series and shunt multiplier. 

cuit in fig. 3A depends on each individual series resis- 
tor. For fig. 38,  the scale accuracy depends on the 
resistor tolerance of each lower range value in thestack. 
Perhaps the main advantage of fig. 3B over fig. 3A 
occurs when the meter is used to measure high voltage. 
If you use carbon resistors, you must consider - and not 
exceed - the voltage breakdown of each. Typical car- 
bon resistors have a maximum safe voltage drop 
depending on their physical size. This may be translated 
to wattage: 1 I4  watt = IOOvolts, 1 I2 watt = 300volts, 
1 watt = 500 volts. 

Ammeter 
An ammeter differsfrom a voltmeter in that it's con- 

nected in series with the external circuit, rather than in 
parallel. The ammeter is placed in series with a voltage 
source and its load circuit; thisallows the meter to indi- 
cate the current drawn by the load. A shunt is placed in 
parallel with the meter coil, so only a portion of the 
external currentflowsthrough thecoil. Theamountthat 
flowsthrough the meter isa linear indication of the total 
current. The remaining current flows through a shunt 
resistor as shown in fig. 4A. 

When you calculate the shunt value, you must know 
the full-scale current value, internal resistance, and the 
shunt current. Determine the shunt resistance by 

where 
R, = shunt resistance 
R, = internal resistance of M 
I, = full-scale meter current 
I,, = shunt current 
I, = external circuit current 

As the circuit current to be measured becomes very 
large (as compared with the meter-coil current), the 

XI-series ohmmeter. 

resistance of the shunt becomes very small - some- 
times too small to be easily managed. Solve this prob- 
lem by adding a resistor in series with the meter. This 
allows it to function as a voltmeter. It will then meas- 
ure the voltage drop across the shunt, as shown in 
fig. 48. Although the meter is measuring voltage, its 
scale is calibrated in current. Assume that a current 
of 10 A is flowing through an R, value of 1 ohm. E 
= 10 volts by Ohm's Law, and you'd select a value 
of R1 which would provide a full-scale indication of 
10 volts (10 A )  on the meter. 

Multi-ranging an ammeter requires a current-scale 
switching method theoretically involved in selecting 
a value of the shunt resistor for each current range. 
However, it's better to perform the range switching 
in the low-current circuits where switch-contact resis- 
tance has the least effect on the resulting indication. 
With R, as a single fixed resistor, you may select 
values of R1 to provide a multi-range capability. 

Ohmmeter 
An ohmmeter indicates the resistance of an unknown 

circuit or circuit element. Because it is a resistance detec- 
tor, the ohmmeter can also be used to check circuit con- 
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tinuity. Sometimes knowing if the circuit is continuous 
is more important than knowing its resistance value. 

The ohmmeter is essentially a voltmeter with an inter- 
nal, rather than external, voltage source (see the series 
type in fig. 5). The pot (SP) and resistor R1 make upthe 
multiplier resistor allowing thevoltage source to drive the 
meter to full scale. Afine-current adjustment, made with 
the pot, lets you obtain a full-scale indication when R, 
(eqn. 2) is equal to zero. The scale calibration on a series 
ohmmeter is the reverse of that on a voltmeter scale. The 
R, = 0 point is at full scale, with discernible measure- 
mentvaluesread more easily in the upperthree-fourths 
of the scale. (The scale values are usually too com- 
pressed in the lower quarter of the scale and provide only 
an approximation.) 

Placing an unknown resistor (R,) in series with the 
ohmmeter circuit causesa decrease in total current. The 
new lower current value is then translated to a resistance 
value for R, on the meter scale. 

When selecting circuit-component values and 
calibrating the ohmmeter scale, make several assump- 
tions for the sake of convenience. After you've deter- 
mined the total multiplier-resistance value for the circuit, 
assume that the working portion of the pot value is 10 
percent of the total. To allow for pot adjustments, select 
the pot's total resistance to be 15 percent of the total cir- 
cuit resistance. 

Develop scale valuesfor an ohmmeter through an iter- 
ative process by decreasing the meter current in incre- 
ments and calculating R, at each increment. The equa- 
tion for determining a value of R, is 

where 
R, = unknown resistance value 
R, = total circuit resistance (when R, = 0) 
Il = full-scale circuit current 
l2 = circuit current value when R, > 0 

You can establish a multi-ranging capability for an 
ohmmeter by selecting the source voltage and full-scale 
meter current for the desired resistance range. Choos- 
ing a high-voltage source and a low meter current will 
provide a high-resistance measurement range. Like- 
wise, increasing the circuit current through R, will lower 
the measurable range. Many circuit designs have been 
developed for multi-ranging an ohmmeter. I'll discuss 
three examples. 
Example 1. You can make a very low range ohmmeter 
by modifying the circuit of fig. 5. The unknown is in par- 
allel with the meter coil, instead of in series with it. If the 
meter R, is 100 ohms, the measurable range of R, is 
fromzero toabout 500ohmswith 100ohmsat midscale. 
Placing a shunt across the meter and raising circuit cur- 
rent further reduces the R, range to perhaps 0 to 50 

Dual-range ohmmeter. 

ohms with 25 ohms at midscale. Placing R, in parallel 
with the meter coil causes the ohmmeter scale to indi- 
cate that R, is equal to infinity at full scale, instead of the 
normal zero at full scale for a series type. 
Example2. By adding a high-voltage source and com- 
pensating R1 value to the circuit shown in fig. 5, you can 
extend the measurable R, range to several megohms. 
Example3. In fig. 6a typicalseriesohmmeter circuit has 
a shunt in parallel with the meter to raise theexternal cir- 
cuit current. You can switch the shunt in and out to pro- 
vide an XI and Xo,, range capability. In this example, I've 
provided circuit values for analyzing the currents 
involved. With the shunt in place, the external current 
will have been raised over the meter current by a factor 
of 10. At R, = 0,10 mA will flow through the external 
circuit and 1 mA will flow through the meter, providing 
a current ratio of 10:l. The value of current difference 
between the meter and the external circuit will flow 
through theshunt (i.e., 9 mA). The resulting resistance- 
measuring range will be from 0 to 5000 ohms with 450 
ohms at rnidscale. With the shunt removed, the meas- 
urable range will beOto50,000ohmswith4500ohmsat 
midscale. 

AC voltmeter 
You can also usea DC panel meterto measure ACvol- 

tages by adding a rectifierto the metering circuit. Meas- 
urement values will be different from those with DC 
because of the rectifier, and because the meter move- 
ment will respond only to the average current. Assum- 
ing a sine waveform and a half-wave rectifier, the cur- 
rentflowthrough the meter coil will beabout63 percent 
of the peak value for one-half cycle. On the other half 
cycle, the current will be zero. The meter movement will 
average the two values, producing a pointer position 
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The TEMPO MPP1 
. . .a unlque new moblle data printer, includes a packet controller 
and a 13.6 VDC printer that interfaces with any mobile radio. in a 
recent user test it proved to have about twice as much audio level 
range tolerance as other TNCs. It is also an ideal unit for emer- 
gency work and a commerc~al version is perfect for dispatching 
service, emergency and police veh~cles. 

HAL Communications' S' 
HF-Packet Modem a h ~ g h  performance modem des~gned spec~l~cally 
for 300 baud HF-Packet It offers no-compromise performance to assure 
opt~mum operation under the most demanding s~gnal  cond~t~ons Tech- 
nlques developed for government and m~l~ tary  use are used In the 
ST-7000 AGC-controlled AM s~gnal  processlng prov~des a wlde dynamlc 
range All f~lters and detectors are opt~mlzed for 300 baud HF-Packet It 
offers the 200 Hz shlft mode and a wlder 600 Hz sh~l t  mode, each sup- 
~ o r t e d  bv se~ara te  6-  ole ~nDut f~lters and a 40 db AGC svstem 

The PK-232 by AEA 
the only controller ofterlng Morse Code. Baudot, ASCII. AMTOR. Packet, and 

facs~m~le Transmlss~on & Recept~on plus the a b ~ l ~ t y  to mon~tor the new Navtex 
marlne weather and navlgat~onal system 7 modes In one controller The PK-232 
makes any RS-232 compatible computer or term~nal thecompleteamaleurd~g~tal 
operating p o s ~ t ~ o n  All decoding, slgnal processlng and protocol software IS on 
ROM Only a slmple termlnal program(l~kelhoseused w ~ t h  telephonemodems) 1s 
requlred to Interface the PK-232 w ~ t h  your computer Wa'tch for the new and 
exciting AEA FSTV-430. Have fun on amateur TV! 

I 1 

Obviously, we can fill in a system that you havealreadystarted. Or we can furnish a complete system 
to fit your needs and budget. For example, here's some suggestions for the amateurjust enterting the 
exciting field of data communications, or: for the amateur who wants the best available. 

NO. 1 For the fun (and very affordable) mode, VHF Packet, AEA PK-88 with personal 
mailbox, 8K programmable memory and TCP-1 P compatability. 
For serious 20 M world-wide DXing on Packet, 200 or600 Hz shift.. .add the superb 
HAL ST-7000. 

NO. 2.. .top of the line! The HAL ST-8000 or HAL ST-6000 and AEA's PK-232 
. . .the winn~ng combination. You can't do better for all-mode, all-band 
enjoyment of hi-speed data communications. 

ergency systems as well as a com- 

- 

2050 S. BUNDY DR LOS ANGELES. CA 90025 (213) 820-1 234 
Toll free order number: (800) 877-7979 TELEX: 67-3625(Henradlo) FAX (213) 826-7790 
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equivalent to 45 percent of the root-mean-square 
(equivalent DC) input. Thescale would be calibrated in 
rrns. 

When you use a bridge rectifier, both half cycles will 
cause coil current to flow, allowing the pointer position 
to move to theequivalent of 90 percent of the rrns input. 
This is twicethat of a half-wave rectifier. Again, the scale 
would be calibrated in rms. 

Calculate the series multiplier resistance used with 
either rectifier using the following equations. 
Half-wave rectifier: 

l b  

Bridge rectifier: 

where 

a I 8 1 

AC-voltmeter circuits. (A) Half wave. (8) Bridge. 

M 

.ff 4 
I) 

CRl JI 

CRZ 
U 
n a 

R 1 : .  

ERM s 

R1 = multiplier resistor value 
E,,, = full-scale rms voltage value 
I, = full-scale meter current 
R, = internal resistance of M 

Theactual multiplier resistancevalue must be reduced 
by the series-forward resistance value of the rectifiers, 
or by an alternative method of subtracting the forward 
rectifier drop from E,,, for the calculation. 

Figure 7 shows half-wave and bridge rectifier circuits 
commonly used with DC meters for making AC voltage 
measurements. You use two diodes in the half-wave 
application, with CR1 allowing current to flow through 
the meter. Diode CR2 conducts on the alternate half 
cycle, preventing th? voltage across the meter rectifier 
from rising to the source voltage. A high-reverse diode 

voltage could cause a sufficient leakage current to flow, 
resulting in meter indication errors. Thetwodiodes, each 
conducting on alternate half cycles, keep the reverse 
voltage drop across the other diode to a small value. This 
means the reverse breakdown voltage of the diodes can 
be much less than the voltage being measured. Typi- 
cally, the diode peak reverse voltage (PRV) is in the range 
of 25 to 100 volts. 

Diodes have a square law forward-conduction curve 
which, if allowed, would cause the meter's scale values 
to be nonlinear, particularly at low points on the meter 
scale. In an attempt to maintain measurement scale 
linearity, diodeconduction currentsare keptfairly high, 
placing the operating point on thevertical (nearly linear) 
portion of the diode's forward-conduction curve. 
Increase the diode current by shunting the meter, 
thereby lowering thesensitivity value. An AC voltmeter 
will have a sensitivity of 5 or 10 k per volt. However, if 
the basic meter sensitivity is less than 5 k, additional 
meter shunting is seldom necessary. 

l b  

Computer program 
The computer program mentioned earlier was writ- 

ten on an Atari in BASIC. I developed it around the 
circuits I've described to ease the implementation of 
panel meters for new applications. I've tried to keep 
the code general to accommodate the many BASIC 
dialects in use. A few dialects will require minor 
changes to the code for accommodation, and the fol- 
lowing comments are provided to assist you in mak- 
ing those changes. For those dialects not able to han- 
dle LPRINT statements, you may use an OPEN 
statement followed by PRINT. Should you run into a 
situation where the dialect won't handle a variable con- 
taining two-letter alpha characters, try changing the 

M 

Rs 
It 41 

+ - 
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It's a lesson you learn very early in life. Many can be good, some may be better, bur only one can be 
the best. The PK-232 is the best multi-mode data controller you can buy. 

1 Versatility 
The PK-232 should be listed in the 

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

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

PC' Pitkratt Packet TX/RX Display 

- 
k 

Facsimile Screen Display 

2 Software Support 
While you can use most modem or 

communications programs with the 
PK-232, AEA has two very special 
packages available exclusively for the 
PK-232 .... PC Pakran with Fax for 
IBM PC and compatible computers, 
and Com Pakratt with Fax for the 
Commodore 64 and 128. 

Each package includes a terminal 
program with split screen display, 
QSO buffer, disk storage of received 
data, and printer operation, and a 
second program for transmis- 
sionlreception and screen display of 
facsimile signals. The IBM programs 
are on 5-114" disk and the Com- 
modore programs are plug-in ROM 
cartridges. 

3 Proven Winner 
No matter what computer or ter- 

minal you plan to use, the PK-232 is 
the best choice for a multi-mode data 
controller. Over 20,000 amateurs 
around the world have on-air tested 
the PK-232 for you. They, along with 
most major U.S. amateur magazines, 
have reviewed the PK-232 and found 
it to be a good value and excellent ad- 
dition to the ham station. 

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

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

Advanced Electronic 
Applications, Inc. 

P.O. BOX C-2160 
Lynnwood, WA 98036 

206-7757373 

Bri syou the 
Brea through! AEA Y 



Air: 116-136 MHz 
FM: 76-108 MHz 

AM: 150 kHz-30 MHz 

AUTHORIZED SALES & SERVICE 
FOR 

Also c l i s p l r ~ i n ~  the popitltrr trc.ccl.s.soric.\ nc~c~dcd to  c.ot?iplcfe ( I  HAM STATION . . . 
ARRL PUBLICATIONS l AEA PRODUCTS l AMPHENOL 

l ALPHA DELTA l ASTRON AUSTIN ANTENNASe AVANT1 
l HELIIEN l BENCHER l R & W l DAIWA l ALINCO 

HUSTLER KLM LARSEN MIRAGE l HOHN 

DATONG l TELEX/HY-GAIN TOKYO HY-POWER LARS 
TRAC KEYERS VIHROPLEX WKLZ ETC. ""I.... rn ., WE,,.,. 

r /  173 

A u t o m a t l c  n o t c n  t i l t e r  

R e m o v e s  ca r r i e r s  in less 
t h a n  2 seconds 

l No d i s t o r t i o n  t o  a u d i o  I FANTASTIC! 

MODEL 
SG-1OOF 

MADE IN 5029.95 
USA delivered 

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 @ l/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 

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

VANGUARDLABS 
1-23 Jamaica Ave., Hollis. NY 11423 
Phone: (7181 468-2720 Mon. thm Thu. 

f \ 

BLACK DACRON@ POLYESTER 
ANTENNA ROPE 

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

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

Dealer lnqu~rles Invited 

2472EASTMANAVE BUILDING21 
synthetic VENTURA. CALIFORNIA 93003 
textilesinc. (8051 sse.7903 

\ 
, . . , . .". . .. . . .. , . ., . .... 

4 

IPC HF FACSIMILE $79.951 
A complete facsimile reception system for your 
IBM PC or compatible. Receive grayscale images 
in up to 16 shades or psuedo color depending 
upon your graphics card and printer. 
Includes: 

Demodulator 50 Page Manual 
Software Tutorial Cassette 

Reques: 
HF receiver PC with 320K 
Graohics card Serial port 
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second letter of the variable to a number. The same 
change must be made to all like variables within the 
program. Each line of code containing an equation has 
been given a REMark statement to clarify the func- 
tion or action being taken. You may disregard the REM 
statements when entering the code into the computer, 
although they can be helpful if you need to debug the 
program. 

I've placed all INPUT statements on the right end 
of the line. For some dialects, the INPUT may be , 
moved to the left end of the line, eliminating the PRINT 
command. 

For the AC-voltmeter calculation, the program pro- 
vides the option of loading the diode rectifier for 
meters having a sensitivity greater than 5 klvolt. When 
loaded by the program, the meter shunt and multiplier 
values are given for a sensitivity of 5 klvolt. The pro- 
gram assumes that you'll use silicone diodes as recti- 
fiers, and that their forward-conduction voltage drop 
is 0.7 volt. If you use copper oxide, germanium, or 
other rectifier types instead, the D value in lines 1390 
and 1400 should be changed accordingly. 

The program is a series of function/calculation 
blocks driven from a menu. The menu provides a 
GOT0 command call for the function selected. Upon 
completing the function, the program returns to the 
menu for your next action. I've also included printout 
samples from each block. You can use these samples 
to determine proper program operation. With the 
exception of the ohmmeter scale calculations and 
resulting printer output, all calculations and printouts 
are to the screen. The ohmmeter portion of the pro- 
gram provides the scale marking (calibration) as it 
applies to the relative coil-current value. The tabulated 
output makes the scale-marking task much easier. 

Internal resistance is an important factor in most cal- 
culations. It should not be ignored until you know its 
effect on the results of calculations. The computer pro- 
gram requdsts an R, value for nearly every function. 
If the value is unknown, use either a value from table 
1 or enter 100 ohms. 
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UNADILLA ANTENNA 
(508) MANUFAGTURING PO BOX 4215 B -~ndover.~/\-01810 CO. (508, 

474-8949 475-7831 

24 Hour FAX THE B I G-SIGNAL 9-5 EST M-F , m a t  A n t  K t  , 
40180 Meter Antenna Kit For 

'Perfect Dipole' SWR 
A complete kit includes: 

W M U  1:l B a l u n  
W2VS KW40 Trapa  (pair) 
End-sulatorsTY (pair) 
U 14-7 Copper Wire (125') 
Instal lat ion & P r u n i n g  Instructions Cs 

Get "perfect dipole" (low SWR) operation on both bands, 
plus "second resonance" operation on 10,15 and 20 
meters. Complete instructions results in a quick, 
accurate installation and pruning to low operating SWR. 
Every component in the 40180 meter kit is an old line, 
reliable UNADILLA product, time tested with hams for 
over 20 years. 

T m '  
To order d~rect call (508)475-7831 

or write for our ~nforrnatlonal brochure 
on our other f~ne products 

8.knokr(.m KI1Rltm.Cwkr k r r l a t o n . E N D u r l a t o m ~ ~ ~ x I . I  R0I.y. 
All pro&* corn whh a 30 Day Wamnty 

-NOTICE- 
We are the W manufacturers of the original 

JAMES MILLENTM Products c/ 172 
(508) 975-271 1 9am-5pm EST M-F 

COMPUTERIZE 
YOURSHACK . 

YAESU 747, 757GX, 7576x11, 767, 9600. 
KENWOOD TS 140, 440, 940, 680, R5000. 
ICOM R71A, R7000, 735, 751A. 761. 781, AND ALL VHF, UHF, CI-V. 
DRIVERS FOR RADIOS ARE MODULAR 
JRC NRO 525. 
COMPLETE PROGRAM ENVIRONMENT 
MENU DRIVEN AND DESIGNED FOR EASE OF USE 
SCAN FUNCTION ADDED TO RADIOS THAT DO NOT SUPPORT IT 
ERGONOMETRICALLY DESIGNED FOR EASE OF OPERATION 
MOST FUNCTIONS REQUIRE SINGLE KEYSTROKES 
PROGRAM COLOR CODED FOR EASE OF USE. ALTHOUGH WILL STILL 

RUN IN A MONOCHROME SYSTEM 

MENUS FOR THE FOLLOWING: 
AMATEUR HF-AMATEUR VHF- AMATEUR UHF 
A M  BROADCAST-FM BROADCAST-TELEVISION BROADCAST 
SHORT WAVE BROADCAST 
AVIATION HF(SSB)-AVIATION VHF-AVIATION UHF 
HIGH SEAS MARINE-VHF MARINE 
MISCELLANEOUS HF. VHF. UHF 
MOST POPULAR FREQUENCIES ALREADY STORED 
ADDITIONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREQUENCY FILES MAY BE ADDED TO EDITED OR DELETED 

AVAILABLE FOR IBM PC XT AT 80386 256K RAM 
1 SERIAL PORT AND 1 FLOPPY MINIMUM 

PROGRAM WITH INITIAL UBRARlES 99 95 
RS 237 TO TTL INTERFACE ONLY (NEEDED IF DON T HAVE MANUFACTURERS INTERFACE) 
EXTERNAL INTERFACE ALLOWS 4 RADIOS 99 95 
INTERNAL PC INTERFACE WI1 SERIAL 6 1 RADIO PORT 129 95 
SPt l  111IIM ANALYli H MODULE (CALL FOR PHICt I 
CflMPLl TE SYSlFM5 INCL RADIO INTERFACE COMPUTER AVAILARLE ICALL FOR PHlCI I 

DATACOM, INT. 
8 0 8 1  W. 2 1 S T  L A N E  
H I A L E A H .  FL 33016  

A R E A  CODE (305) 822-6028  

April 1989 a 53 



our fre 
.-#-A- . 

t? copy 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter . Expandahlt, l r r  37 Clldrlnt'l hy .l~r.,l Arlll~nrl Clllds 
Conltn~tous Vol~nq 
LFO lnd~calors ol COR and Voted Stgnalt 
Ru~lt-ln Callbralor 
Rernole Voted lndlcalors Plnnpd 0111 
4 9  x 6 Dntlhle Slded Gold Plaled 44 Pln Card 
Remole Dtsabl~ lnpuls 

MORE 

Bu~lt. tested and calibrated with manual 

$350.00 
Telephone ~nterface now ava~lable 
For more ~nfor rnat~on call or wrlte 

DOUG HALL ELECTRONICS 
Voter Department 

815 E. Hudson Street 
Columbus, Ohlo 43211 

(614) 261-8871 

fl 170 
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PRE StNrlNC 

The K1 FO 12 element 
144 MHz YAGl -- 

EME - TROt'O - WEAK SIGNAL 
.LEC.(IICAI SPECCKI IK ) ) IS  

MODEL FO-12-144 r4.n !>O"llO 
r PI.,". DT.r.,"I. 7 11 1 1  "C(1 

,,,.,."* P.,"lwl"lh .' . l l  .. "Pn 

s,<nnn* .,,,rn,,.~l.l,.l 

I,, t "IIUIII. l R O R  
,,,",~,,,#,,. I..ltR 

PrR r v a .  7, OH 

V'.*/R ' 1 1  1 

L C H I W K A L  SPLClFlClllOUS 

~ ~ n r l ~ r  1 3  1, 4 ." 
W.",, n,. rlr.,l I.<. UP" 

j n , * .  rnnwlill N ?"I*. 

U .,,, ",. 9,. > O . r n . % P .  

5134 95 r,..-,m ,m\.,fawx< u v  rsvnhnr 

lit..,. ,*.IT,,. 

Y.,,"rr, .,,,.ri I l r lo l r l *  

l...'.B? il lX I1 I I I  

r,r,nl.,,,, . *l."illl"rn turn 

ALSO AVAILABLE 
FO 162M. FO 22-432 FO 25-432 and FO 33.402 
STACKING FRAMES POWER DIVIDERS 

.. . . . . . .  .. 
wc sum!., 1- naro lo ltM pall< lm !he hanr DuM-- 
Dp!rm lnrura~rxr If?: tm Platno h e r p e g s  S11W Sla<nless SlOi lW 
nod 16 UPS s'n 10, q.nqtc 01 t,rlr III ~ n ~ r n n a ~  

W We%, OI MIIIIISIMX 

PA resdenm no6 6% rates !ax 

RUTLAND ARRAYS 
1703 Warren Street New Cumberland. PA 17070 

(717) 774-5298 7-10 P.M EST 

Dealer mqutrren rnvrled 

R-7000 Widespan Panadaptor 

Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
7 1 7-386-4032 

> 
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HAM RADIO 
TECHNIQUES 

Bill Orr, W6SAl 

Antenna projects 
for spring 
It's a little too early for serious anten- 
na work in most parts of the country. 
But spring will soon be here and it's 
time to start thinking about all those 
great DX antennas you're going to 
erect! Here are some interesting an- 
tenna projects you readers have sent 
to me. 

The AG9C horizontal 
loop antenna 

I think the loop antenna has more 
interesting variations than any other! 
Bob Morrison, AGSC, has had excel- 
lent DX results with a full-wave 
horizontal delta loop that he uses on 
40,20, and 15 meters "as is," and with 
a tuner on 80, 30, and 10 meters (fig. 
1). The only materials you need are 
about 139 feet of no. 14 copper-weld 
wire, a 4:l balun, a few insulators, and 
a length of 50-ohm coax line. 

Bob examined the antenna radiation 
pattern at 7, 10, 14, 21, and 28 MHz 
using the MININEC3 computer pro- 
gram with the Sommerfield-Norton 
option. He assumed a 20 foot height 
and poor ground (k = 5, and I' = 0.002 
siemenslmeter). In general, Bob found 
that gain patterns are comparable to 
a dipole cut for each of these frequen- 
cies. One exception, he noted, is that 
the loop patterns are more omnidirec- 
tional than those of similar dipoles. 

"The design is very forgiving," Bob 

comments. "Loop antenna patterns 
remain excellent when side lengths are 
unequal and/or the three corners have 
unequal heights." 

I PLAN VIEW I 

I - 4-TO-1 
BALUN 

R G - 5 8 / U  COAX 
f f 100' )  

Top view of the AG9C horizontal delta loop. 
Antenna works without tuner on 40.20, and 
15 meters. Tuner permits operation on 80, 
30, and 10 meters. 

Bob's observed SWR readings on 
the loop (taken through 100 feet of 
RG-581U) are: 40 meters-1.55 at 7.0 
MHz, 2.4 at 7.3 MHz; 20 meters- 1.2 
at 14.0 MHz, 1.7 at 14.35 MHz; 15 
meters-1.38 at 21.0 MHz, 1.70 at 
21.45 MHz; 10 meters-2.7 at 28.0 
MHz, 3.7 at 28.5 MHz, 5.9 at 29.0 
MHz, and 3.6 at 29.7 MHz. 

You can move the minimum SWR 

point in the 10-meter band by chang- 
ing the total length of the wire in the 
loop 6 inches at a time. 

Bob says the loop can be used on 
80 and 30 meters by adding an antenna 
tuner in the station. The input 
impedance of the loop on 80 meters is 
very high, as it is at a half-wave 
resonance. The mismatch at the balun 
causes high SWR and considerable 
power loss in the balun and coax line. 
Nevertheless, a tuner easily matches 
the feedline to the transmitter. 
Antenna radiated power is reduced, 
but adequate, over the CW portion of 
the 80-meter band. 

The two-radial ground 
plane revisited 

In my October column I mentioned 
that two radials seem sufficient for an 
elevated ground-plane antenna. Along 
this line, Gunter Hoch, DLGWU, wrote 
to me about a two-element "ground- 
plane Yagi" he observed atop a nearby 
United States Army depot. The 
antenna is shown in fig. 2. It consisted 
of a quarter-wave folded radiator and 
a reflector mounted over a pair of 
radials. He estimated from the size that 
it was cut for a frequency near the 
2-meter band. 

This is an interesting concept. With 
a couple of remote-controlled relays at 
the antenna it would be possible to 
switch quickly from a vertically pola- 
rized ground-plane Yagi to a two- 
element, horizontally polarized 
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Fmq. 1 dB 
R r e h  Range N.F. 0aln Camp. Devlce 
Only (MHz) (dB) (dB) (dBm) TYPO Prlw 
P28VD 
PWVD 
P50VDG 
P144VD 
P144VDA 
Pl44VDG 
P22OVD 
P220VDA 
P220VDG 
P432VD 
P432VDA 
P432VDG 

lnllne irf swltchun 
SP28VD 
SPWVD 
SPWVDG 
SP144VD 
SP144VDA 
SP144VDG 
SP220VD 
SP220VDA 
SP220VDG 
SP432VD 
SP432VDA 
SP432VDG 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Blpolar 
Btpolar 

GaAsFEl 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
B~polar 
Bipolar 

GaAsFET 

Erny pmsmplHkr h pmfsion e l i gnd  on ARR's H.rrM( P~cbrd HPlWOAfHPS46A r t M - H m 4  nolw Rgun 
meter. RX only pmem Ilflers am for m l v e  ap Ilcallons only. lnllne pmampll f lm am rl swltched (for use 
w ~ t h  tranacelvers) an8hand1e 25 watts transmlter power. Mount Inllna mampllflara between tranacelver 
and power ampllller for hlgh power appllcatlons. other amateur, commerclafand s ampllflera available 

In the 1.1000 MHz range. %?lK lude S2 shl ping In 
V.S. and Canada. Connecllcut resldenls ad$7.'/*% 

Rdvonced sales trles tax. add C.O.D. 10%. orders Order add your $2. ARR Alr mall R X  to only lomlgn or InHne coun- 

Receiver preampllfler loday and starl hearlng Ilke never befoml 

Rasearch 
Box 1242 Burlington, CT 06013 203 582-9409 l!33m 

9:00 am - 5:30 pm 
weekdays 

Weekends and evenings 
by  appolntrnent. 

ICOM. AEA. LARSEN. VAN GORDEN. 
VIBROPLEX. NYE-VIKING. FALCON / C 0 M M U N I CAT I 0 N S I ::;:~;~;:::~+;::g~:g I I 

- - 

280   iff any Avenue Y d & # L b r Y n l r 6 u f  &rubhal*' 

Jamestown, New -- York - 14701 pH. - (716)664-6345 -- 
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ADVANCED 
MICROPROCESSOR 
TROUBLESHOOTING 

TECHNIQUES 
Enhance your dtq~tal troubleshoot~ng skills with this 
new 3-day course. You w~l l  learn the latest tips and 
techn~ques for troubleshoot~ng all mlcroprocessor- 
based systems. 

Fee is 3795.00. Call or write for brochure with full 
deta~ls and current schedule. 

1989 SPRING SCHEDULE 
l April 12-14 - Chicago 
l April 18-20 - Atlanta 
l April 25-27 - Dayton 
l July 24-25 - Washington, D.C. 

MICRO SYSTEMS INSTITUTE 
Garnet!. Kansas 66032 ,, 127 

( 9  1.7) 898-4695 

or Moduletor 75 Page Manual 

SEE OUR 
PULLOUT 
CATALOG 
Pages 59-62 

John J. Meshna, Jr., Inc. 



conventional Yagi. The horizontal 
elements are cut to serve as a driven 
element and a reflector - just the 
ticket for a single antenna to work 
mobile stations (vertically polarized) 
and over-the-horizon DX (often 
horizontally polarized). I'll leave the 
details up to you! 

DL6WU has submitted VHF Yagi 
data for inclusion in the ARRL VHF 
Manual. 

REFLECTOR 
FOLDED 
MONOPOLE 

Quarter-wave folded radiator is fed at F. 
Vertical elements are mounted above 
quarter-wave horizontal radials. (Courtesy 
DLGWU) 

What is the correct 
radial length? 

I mentioned some comments by 
Collin Stiteler, KEGVZ, about the cor- 
rect length for ground-plane radials in 
my March column. Collin has raised 
another interesting question: "Many 
how-to-do-it articles on ground planes 
suggest that you make the radials 
something like 5 percent longer than 
the radiator. Why is this? Other articles 
call for radials equal in length to the 
radiator. If there are sufficient radials, 
they approximate a horizontal disc 
conductor. Should the radius of this 
disc be equal to, or 5 percent greater 
than the length of the radiator?" 

Collin thinks that resonant radials 
should actually be a little shorter than 
the length of the radiator, not longer 
(as is occasionally stated), since the 
radials approach a "fat" conductor, or 
disc. The physical length of a "fat" 

conductor is less than that of a "thin" 
one for a given frequency, and Collin 
suggests that this rule should also 
apply to resonant radials. 

This is an intriguing thought. I've 
always cut my radials to the same 
length as that of the radiator. Once I 
built a 21-MHz ground plane with 
radials 5 percent longer than the radi- 
ator. I couldn't notice any difference 
in operation or SWR measurements, 
as compared with an earlier, conven- 
tional ground plane. This leads me to 
think that radial length is unimportant 
(within 5 percent), at least in the HF 
region. Any comments on this ques- 
tion? 

"Torching the Cat" and 
other exploits 

I received a letter from "Doc" Sayre, 
N7AVK, who most assuredly deserves 
membership in the Antenna 
Experimenter's Club. Doc writes, 
"Fashioning a sky wire is truly excit- 
ing. I have loaded rain gutters on 160 
meters (torching the cat in the 
process), fir trees on 15 meters (the 
nail gets hot and you shouldn't drive 
it in very deep for best results!), an all- 

band well casing about 160 feet deep, 
and an unusual buried run of two 4-0 
insulated aluminum wires about 114 
mile long that works amazingly well on 
80 and 160 meters." He concludes, "If 
you're not thinking and improvising, 
then you're just taking up space!" 

Good show, Doc! 

The gamma loop fed 
vertical antenna 

In The Radio Amateur Antenna 
Handbook1 I described an interesting 
DX antenna (shown in fig. 3). It con- 
sists of a half-wave vertical dipole fed 
at the bottom with a "ground indepen- 
dent" feed system. 

The antenna shows about 1.8-dB 
gain over the classic ground-plane 
antenna and requires no radials. Feed- 
line isolation is very good. 

The feed system provides a match 
between the high-impedance end of 
the dipole and a low-impedance coax 
line. A parallel-tuned circuit will work. 
A low-loss design consists of a large, 
horizontally mounted single-turn coil in 
parallel with a high-voltage capacitor. 
The combination is resonant at the 
antenna's design frequency. 

I TO XMTR 

0 

Vertical dipole fed with parallel tuned circuit at base. L-C circuit resonates at middle of 
band of choice. (Courtesy Radio Publications, Inc.) 

~ S * 3 3 ' 4 ' f I O . l M )  FOR 20M 
2 5 ' 6 "  (7 .8M)  FOR 17M 
22'0" f6 .7M)  FOR 15M 
18 '8"  (5.7M) FOR 12M 
16 '6"15 .0M)  FOR 1OM 
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John O'Brien, W2YYI, has solved 
the mechanics of making a waterproof 
tuned circuit and a high-voltage capa- 
citor of inexpensive materials (see fig. 
4). He makes the antenna and resonat- 
ing coil out of soft, 112-inch, thin-wall 
copper tubing available from hardware 
and home improvement stores. The 
assembly is put together with a solder- 
ing torch. 

In my original design, I achieved an 
impedance match by tapping the coax 
line on the single-turn inductor at the 
appropriate point. John, on the other 
hand, uses a gamma match system. I 
think his method is the better of the 
two. The gamma capacitor is made of 
a section of RG-8AlU coax cut to 
length and inserted in the copper tub- 
ing. The shield of the coax is attached 
to the shell (ground) of the coax recep- 
tacle. The center conductor is soldered 
to the gamma wire, which is tapped by 
a tubing clamp on the coil near the 
base of the antenna. The gamma wire 
is a length of PVC insulated house 
wire, or bare copper wire. 

The antenna is adjusted for lowest 
SWR on the feedline by moving the 
two clamps along the coil. Clamp A is 
adjusted for frequency and clamp B is 
adjusted for the best impedance 
match. John notes that bending the 
gamma wire closer to, or further away 
from, the loop also affects the SWR. 

Finally, John says you can make a 
"cheap and dirty" equivalent by sub- 
stituting wire for the antenna and the 
loop, and making the capacitor out of 
a piece of double-sided pc board! 

The W4TDI "Carolina 
Windom" array 

In the May 1988 column I discussed 
the Carolina Windom antenna, which 
seems to be enjoying some popularity. 
In brief, it's a multiband antenna fed 
with a stub and balun, which operates 
on more than one ham band. Ray 
Hoffman, W4TDI, making a virtue out 
of necessity, erected a version of the 
Carolina Windom between two trees 
only about 75 feet apart (see fig. 5). 
It was impossible to erect a 132-foot 

CAP 

A/Z RADIATOR. I / 2  COPPER TUBING B 
"STREET ELL" 

1 5 M =  13"DlAM 
IOM = I I "  DlAM 

Gamma loop-fed vertical for 10 or 15 meter bands. Capacitor is made of RG-8AlU coax and 
is slid inside copper tubing - Vaselinem helps! 

- 

The W4TDI version of the "Caroline Windom" antenna. Configuration works as broadside 
array on 20 meters with cloverleaf pattern. (See my column. May, 1988 for more data on 
"Carolina Windom" antenna.) A "Carolina Windom" kit maybe obtained from the Radio 
Works, Box 6159, Portsmouth, Virginia 23703, phone: 804-484-0140. 
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INDUSTRIAL GRADE PRINTER 
H V , ~ V V  ,t,,tv, , r ~ ~ ~ u s t ~ , d ~  !lr:,ct+. NO / t i t  c : ~ )  
trrirx8cs t,rlnters These prlttt 8 0  columns wlrle 
at I 3 2  CPS As they stand. they prlnl upper 
CaSP rec r - - .  ' .... --4 .. ... 
ln 5x7 dot matr lr  I n r v  ww prlnl wwar rdse ~ - - - , - - - . . 
by chang~ng one 01 the socketed proms and the DIP swttches accord~nglv We are pro 

we are tryong t o  obtaln coples 01 the up hnhlted from adverllsbng the 

perllower case prom. They ut<loze tho standard hlqhlv respected name, and the name tags 

3 6  ptn Centron~cs parallel ~nter face Each one have been removed f rom the cases. but 11 doe.. .~t,;,v.+r i > r t  l t i .  t.rs ~CI.., t,,,.,r,t TII....~. t,,,.,,,q, 

has an adfuslable wldth tractor feed If thc faalure 101 keys. seperate cursor control & nurrll,rlc k ~ ~ v p ~ ~ ~ l s  III .,rlrlllrol~ 1 .' fur*< i # o , i  

prrnters donot data for one 7npsr. w o r k l n q  w,rr.rl ,t.rll ( r v , . r j  tr,lrll ,,=, ar" added t o  take advantage o f  state o f  the art snlrwarr l ~ . ~ ~ ~ , l g e ~  ,,,,,I ., LED LO,~~,OI P~,,PI , S  

they wvll automat~cal ly go tnto a stand by "lcp hut due lo tt),. notllrr <,I *.,I, 11 t l r<~cjurts ~ ' ~ " ' ~ e *  along with snap open self lock~ng legs Most of then1 aft. 811 new condtt~on Some 
mode They run on 11 5VAC. fiO Hz. All are end st~,pp,nq. WP , nn nnt gt,;,r.,nt,~e they are a'e sll!lhtl~ used All o f  them are In e ~ ~ e l l e n t  wnrklng and eicellerlt p l l y s ~ ~ a l  cond8tkon MOSI 

whole and antact We w ~ l l  throw an lor free the funcl~onat ate 111 l l ~e l t  ol~gtf lal  IBC~UIV caltolls We SUPPIV d s ~ h e n ~ a t ~ c  .md op~. t l t to r~ guide wl th  r ach  
081>er rack accesso t~e~  lwh!le they last1 Shpg. Wt  50Lba. SPL.3376-51 $55.00 One Shpg.Wt Kybd 11  939.0021575.00 

5 AMP GEL CELLS 

$,,! IBM"' Compatible The full pacs came in ; '1 Flat Screen Monitor 
Wf' lust bought a bunrh of classy looking IBM' compat tb l~  
T i L  mon11ors They were made by Samsung tSm12SFA71 
The monrlors ulll+ze a flat. 12" amber h q h  contrast. non 

-) glare CRT Some of the nlce IeaturesrA thts atem are h q h  
I fesolut~on 8 0  x 25  chsfactt 

-- 

Enhanced 101 Key 
IBM Compatible Keyboards 
A kt.y U 5 I l r . ~ r ~ ~ ~ l . ~ ~  turvr r w  vntly rr4easec 
Ill.. vrc,!ss Ir>vcr\t<rrv u l  IBM PC. XT & A T  com 
p,$tltllr, "key"boards Ttlvy 'an also be used or 
thc enhanced XT and AT rnodps hv rr+rttonr 

,gn~ze lower Lase d r w  pr* r~t  I 

PI display, they are tully enclosed 
7L- T 7 ,  ,-..-, I w e  sent , ,EA~ IC .  F V ~  AI ,,,,t h~ , r> t , t~q ,r, ,, t',, 1. 

r 8 I L  m r r l  >lyrlals 

Elanoaf0 us nouse current 959, 
e d  as havfng manor detects We 
complelelv Intact We guaranrep 
?em The orlg8nal selling pflce of 

e unot was ovet $125 00 each ancludlng the 1111 swnvel base We u l f e ~  11 I .away salvag*' yartl a f ew  days ago and he 
came up wbth a real wllrnet Whll,. crawllng 
around a bug heap of stuff  he saw a famhar 1 5  Cefls. 3 0  VDC m I Stud* 
oullme at the bottom, Alter a few rnlnutes. Lo S h ~ t l .  Wl. BLbs. SPL-27, 

I I 
and behold. some beaut~fu l  shmy new Gates 12  Cells. 2 4  VOC 
qel pats emerqed The oats contaln 15 2V 5 S~PCI. Wl .  4 Lba SPL-3366-52 $35 

L -  ! and come with a !!It 8 swnvc~ uaac I 18,  

,,.t frlr,ur thru n 5ut1 D tv;~,. , . ~ , ~ e c t o r  The montlorsrun o n !  ' "'-' 

8 8 1  thrn, ;at,. I" thr-tr of!(1~t>.$l 1.1t tory cartons They are tagg 
h.avt- I w k ~ d  over s few (11  111~111 and have found them to  1x7 I 
II'P CUT'< arr t~nhroken and w ~ l l  not have burn marks on 11 
rhts very handsom 
~ 4 t h  the CRT o~8afantPrd OK. as menttoned above We WOII also prov8de a schematr  

I ... m,.? ..----,-.-.-. :..m -.---. 2- CL-- .". .,r.,L- ",.T .7 $37.50 

i m p  gel cells"lor a toial of 3 0  VOC, a m p  6 Calla. 1 2  VOC 
hours You can buy these unused pacs as Shpg W1.2I.b~. SPL-2078.52 $18  
follows all guaranteed OK Here's a tip Use 3 Cell%. 6 VOC 
duct lane t o  hold the cells twether  Shpg Wt. 1 Lb. SPL.110-52 $9.00 1 

*., I., C r n p m r I W  n r , r r  . ,ur.ar.r.rr.  .Ill,q ..I. cu ru. rn",.,, 

MONITOR FLOAT ARM 

Arm IS the easnest way l o  keep your monotof off  
Just push you, mon,tor asvde to 

c l ~ a r  your desk Swlnq 11 over t o  the proper worknng posotlon 
can all bp down wmlh one hand 

Float Atm 1s phenumat~rnl ly controlled and 
your rnonttot where you want II I CAD CAM KEYBOARDS 

Wes ~ ln l v  tl.lvf, a llnr11~~1 rlcsanttty 
01 I ~ C S P  hnqh rel~;, t !~lbty. 
beaol l t~ l ty  layetl out 8 bit. ser~al 
output keyboards These wete 
made bv K ~ y t r o n ~ c s  for use In  a 
Cad Carn system The board 8s n).*,l., up <>I 3 \ t a <  tmon\ Tht. tv;w,irtrt.r I b r r ~ , . , !  ,.,, r , , . ,  t,., : 
corltrol keys plus full upper and lvv.vr c.isr alr,t>.~rrt~n,vc~r.s Th'. J' kc,v\w,!, li 1,.~1 wt1v.8~ ,,s 
ed wlth appropriate loglc, allows I.rlsnslve. preclsc rnanlpular8on5 of ~ l ~ s ( , ~ , ~ y + ~ ~ l  <l, l ld h as 
close- up, movonq ~nforn ia t~on,  sketr tl8ng. etc The rhord sectton cons#sts of 77 kl,vr wl l lch en 
elude a numproc scratch pad. 4 way I.ursor control plus some command k ~ v 5  On hoard are 3 
LSt's lncludlng an Inters11 lMG402. INS8048. and NS7 7 16 UV PROM whtch contains the pro 
grams for man~pulatlllg data. plus other Clrcultrv and an alert bPPDrr The keyboard rerlunres 
* 5V and 17V Each one wtII comr wl th  schemat~c New ' . .  . - -  

hand Ordnr Now1 Shpg. Wt. 4 Lbs KYBRD No. 6 W8 

- - z01or 
lmputer manufac 
a small Ifacteon of 11 LASER TUBE AND PO\A1Cu 

- - - - -..". 
holes W'e.recommand you make a rnountmg Shpg. Wt. 10Lbs. SPL.322-51 629.95 
 plat^ 01 112" thlck plywood 01 a Slze l o  111 the 

PARTS GALORE ASSEMBL Y 
Pictured below ta a h q h  rel~abtl~ty power 
supply I t  contaonr many very useful and 
expensova parts We must offer these -- 
parts l o  you ~nd~vidual ly because due t o  I I 
the agreement w i l h  the manufacture we 
can not sell the unet tntact 

POWER SUPPLY REGULATOR BOARD 
~ o n s ~ s t s o f  LM 123 l~>egulRlor& equivalent, 
TIP 32 trans+sto#. G amp hrodge, 10.000 u l .  
50V capacitor L M  340112 regulator. a stat 
GV buzzer. 2 sockets l o  hold the smaller 2 
bends whlch cons!st of L M  39N IC. reg, TIP 
32 X vste~. 4 10K 10  turn Pots. tantalums. 
and loads of othel parts 
Shpg. Wt .  2.5 Lbs. SP.2748-51 $3.50 

This is a great laser assembly for 
experimenting purposes. Part of it 
consists of a % mW laser tube, 
high voltage power supply, front 
surface mirrors, beam splitter and 
a laser d e - m o d u l a t o r  all on a rugg- 
ed cast aluminum chassis. Parts 
included, but not shown include a 
t r a n s f o r m e r ,  line filter, and 450V 
power supply assembly to fire the 
laser. These units were removed 
from Pioneer laser disc players. 

They had been returned because 
the motor which tracked the laser 
chassis across the disc was worn 
creating havoc for such a precise 
instrument. We have been 
guarantee0 that the laser tube is 
O.K. and we will do the same for 
our customers. This is a super deal 
and we only have a small quantlty 
of units in stock. We expect a 

sell n~at c n  nrrior at  nnrn 

Complete wlrn scnernarlc. 
Sh. Wt. 7 Lbs SPL-17A-52 $49.05 

b 
FAN somll~ar In suze and speed t o  IMC S l m  
Monr Boxer 1 I5VAC.  50'60Hz 3 0  CFM 
Shpg Wt  1 Lb SP 231A 5 1  9 3  7 5  TRANSFORMER made by Ssgnal or Aerospace 

Svst+.rns Input 110 220VAC Output 24". 
3.3. 10". 3a 
Shpg W. 3 Lbs. T.661.51 $5.00 
DUAL POWER TRANSISTORS ASSEMBLY 
2Nf,24R o! ~.qutvalenl hog11 poww swtlchong 
X nst~rs  rated at 300VCHO 3 0  amps, 175 
watts slltcon NPN w h c h  lhst lor over $ 8  00 

F~nger Guard lor above Zlnk Plated 
Shpg WI 0 5 Lba SP 369D $0  50 

CORD tot above fan 
Shpg Wc 0 2 Lba SP 275EG $0  35 .,-., "- -.--. -. -..--. 

.-L - - L  .-.. *.- I parh mounted tn an alum*num houstnq tn CASE alumtnum chassos tubber feet and carrv 1 
sorkets 
S h m .  Wt. 0.5Lbs SP.276B.51 $ 1  7 5  

-- . 
anq handle 9 '3x5 % x9-/. 
Shoa Wt  2 Lbs SPL.107 5 1  $7 50 



I IMC WISPER 
FANS 

Twist On Male 
BNC CONNECTOR 
No. CPFl UG88-2 for RG-59 & 62U 
These BNC connectors are very easy to  use as they do not require 
any soldering or need any speclal tools Cable attachment is 

we have some new 115 VAC Rotron Whisper Fans. These a and threaded OPenlng which makes It easy 
to twlst the connector onto the cable brade and jacket lnsurtng a 

super quiet and deliver 57-80 CFM depending On Ihe good grounding and a hlgh integrity termlnatlon. Constructed of 
model available. Current list price Is over $21.00. New and nlckle plated brass. 

SPL 2 1 0 w  
Shpg. Wt. % Lb. H-58B-50 $2.25 each 

59.00 r 

CERAMIC TRANSMITTING CAPS 

-AC cord w/ special plug to fit connectors 
.I on above fans. 

For hi volt, hi fmq cirr-'-- - -' -- --- I : .  
11 RECHARGEABLE I wur prlca slrnon ror 11 1 SPECTRoL .-~ they con about $5 eat 

NIU sucn .I xrnrrs 

1 I ~hpg .  W. I ~ b .  SP 275EG 

I 
N-Cell 

Thls unused Spectrol 10 turn Pot 
Model No. 534 IS rated at 10K 

"N" sGe n~ckel cadmlum bat- 
terles. The output rs 1.25VDC. 

We acauired a bunch of used I each. I I \" 

The end on one slde has a polnt - 

I 
on ~ t ,  as shown ~n the photo. We 1 uu l v l n  nr 
have tested a bunch of these and 

I 

they seem to be OKAY. 
Shpg. Wt. 2 02. SP-149-51 '1.00 

BUSS TRON" 
WATERPROOF 9 LJ for UG-I76 ~ ~ 5 9  

FUSEHOLDERS -* - I New, factory boxed Miller No. 
99H PC RF choke# 

-, 
$1.00 

s. Rated as 

-- follows; 100mH. 473 ohms max.. , Double ; d ;  
0 138 MHz, mlnlmum Q at fre- UHF-F/F ~ ~ U L U H E A I  

m 
quency, 29 at 79 KHz, 50 ma IIm - a a- LONG ONE NUT sz.50 
maxlumum. Llst Prtce over $4.50 UHF-F/PANEL 1 " 

each 
I Shpg. Wt. 1 

it against damage from water: 1 1 I I weather, 
fumes,  

salt 
e tc .  

~pra;~;orrosive I 
HEB 

1 oZ. ~ - 4 8 ~ - 5 2  $0.75 MOUNT 30-239NL 

Tron HEB AA ~n the line fuse' 

I I holders are easy to use and corn- SOLID STATE RELAY 
oletelv enclose the fuse Drotectlna 

fuseholders are easy to install. The I ' 1 
size "A" crimp terminals will ac- m----"a- J 

I I cept one #14, 12. 10 or 8 solid or 
strand wire. They accept 13/32" N e w ,  f a c t o r y  boxed  b y  RG 5n rahlv 10 PI .  259 
x 1 X "  fuses such as KTK. FNM Mamecraft. Their m art No. W I 1 
and BAF up to 600V. ~ e k ,  ~ n -  2 3 6 ~ .  Runs on 12'VDC. SPST 
dlv~dually bagged. Lfst price $6.56 contacts are rated for 1 amp. Con- I e,,, tact9 are nnrmallv onpn - - - - -  , -r- 

Shpq. Wt. 8 oz. SP62A-52 $1.75 1 ~ h p g .  Wt. 2 oz- S P - ~ ~ B - ~ I  $1. 01 - 

c.--, -.-. ,.--A Regulated Power Supply 

12 VDC MUFFIN FAN 
Great Window 
Defogger for 
Cars, Vans, Trucks! 
This fan is very hard to  find in  
the surplus market, and usually 

1 1 .  S p  437 52 $12.50 P'ctu~ed ahovr 0s the heart 01 a very vetsatlle I very expensive ($50 or more!). I 
KIT of PARTS ,,,I,... rlorvntaometcrs. 6 power Sup l~ Iv  When modof 

br,,jgr I ~ I O P , ~  , ,llldl 1 ~ ~ 1 , ,  I ~ P  cord and conluncllclll ~ 8 t h  the opllonal parts 119 

~ndncalor lamp h ~ l o w  you can build y0~8rsell a super power . . , 
chnn w1 i L b  Sp 438.62 $5 00 sc'pp~y 101 5h0,r monw we provnd~ a 1 in 

led and used In 
...A I We came accross some shiny, new 
'"" I ment), metal framed ones from Panaflrx Thr 12vdc, 0 45A 

put IS thru 6" color coded l e d .  Grmt as a w~ndow defogger 
TRTNSFORMER Rated for 2BV 6 amps sch'rnatlc shnw'nghOw los'mD1vadd'heoD In automotive use, or In photwoltalc appl~catlons. No more 
Shpg W1 Lbs ~0003 $8 95 l ~ o l ~ a l  romponenls lo  complete the supply 
TRANSFORMER Rated lor 24V 3 amps CASE Shown elsehhers In thas brochurp I once these are gone. 
shpq wt 3 ~h. ~ 6 6 1 ~  52 $5 OO Shpg Wt 2 5Lbs SR 107 52 $7 50 Shps W t  2 Lbs. SPL-417A-37 $1 7.00 ea. I 
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Late model radio made for Chrysler Corp. Very compact, solid state. 

STOLEN COMPUTER 
TERMINALS 

originally made'for use with the 
P R C - 2 5  and the  PRC-77  

10 125 
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Very attracttve large knot, wit11 l,rushed 
aluminum lnlay on 11s Id, r, I1 measures 
2.318" dlameter X 718" ~n hebghl Accepls 
'/." round shaft anto a brass Insert. Comes 
wsth set screw Unused and prlced right 

We have been pswlng our way around In an 
old warehouse and came across some d ~ f  
lerent lypes of mountlng feet The shafts are 
threaded to allow the11 use In leveling equip 
ment 
FIG. A; 1.718" overall length. 1.5" ~nches of 
the shaft a threaded. 'Xx20 thread. Chrome 
plated steel. Rubber pad on foot measures 
3 4" dlameter. Some maybe sl#ghtly rusty. 
Overall cond~tton IS good Sold en palrs. 
Shpg. Wt. 402 SP-212.51 $0 .751~ .  
FIG. B: 1 % "  overall length 1.318'' of the 
shaft IS threaded. 6 32 thread. 718" cloth 
covered foot. Sold In bag of four unlts. 
Shpg. Wt. 'X Lb. SP.122A-51 51.001b.0 
FIG. C: K "  overall length 19/32 01 the shalt 
I.; threaded 8 32 thread 518 cloth covered 
loot. Sold In bags of 4 unlts 
Shpg. Wt. % Lb. SP.142C-51 $ 1 . 0 0 h g  

I 

EECO STRIP 

Unused EECO strlp swtt, 11~s sttll ji! lubes 
Her,declrnal Output 0 15 Adlusttng them 1s 
a~cornplnshed by your thurnb or a screwdrover 
Sue 13116 r 314 x 318 

PluglCord Assembly 

I Thls IS a very nlcc aodto grade cable made by 
Sony. The bralded sh~elded cord IS just over 3 
I t  lona. Each end has a molded 3.5 mm olua 

allows lhpm to be used on 6 lo  12VDC 
Thp output of the modules IS 8 0  VAC lo  
115VAC 400 HI Tho5 allows them 10 run 
at prah br~ghlness and elltcency Thrv wtll 
r u n  orr 1 lOV 60 Hz at reduced brbqhtness 

PHOTO FLASH BOARD 
but there arc ~nherent danqers when uslnq 
lhnr vnllaq(*s and caullon rhould t,r u w d  
Cornnlr.1~ w ~ t h  hook uo dvaoram 

Shpq VJI 4 01 
Powpr Module 

BARRIER STRIPS 

Plctured above IS a photo flash assPmbly 
from a Sun Gun camera We have been 

battery packs. From what we 
can learn, if a phone comes back 
for any reason, the first thing the 
technician does is replace the 
hattery regardless of the phone 
failure. This lot of batteries is a 
mized bag, but is priced accor- 
dingly. The packs contain 3 AA 
size cells with solder tabs on 
them. We will provide you with a 
sheet showing how to re- 
juvenate batteries of this type. 
The packs are rated a t  3.75VDC 
at  innm ma 

told lhese arda manufacturer overrun due M l q  l,y ~u1k.l Smtth [)ual It! ~ , c > t r ~ t  I 1ns1.d 
-. ---"'-' 

to a model change The flash IS very corn 1,al.k 20 .lnlp Losl $3 52 ~ a c h  N1.w Sh. Wt. X lb. SP-120-51 $2.00 
pact and IS complete less case and balrery Shpg Wt 1 Lb. S P - 1 2 % ~  S1.25 
holder The photo flash cap 0s ratcad at r 
400ul. 330 volts Please be careful when VARIABLE RATE SPRAGUE 
expcrtmentlng w ~ t h  this devtce as 11 < ould D U A L  15 A M P  FILTER 
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piece of wire on his property and keep 
it reasonably out of sight. He made his 
antenna 66 feet long and then dropped 
the two ends down vertically. The 
horizontal portion of the antenna is 75 
feet above ground. He uses a feedline 
a half wavelength long on 75 meters, 
and the antenna works well on all 
bands between 80 and 10 meters 
without an auxiliary tuner. 

W4TDlfs antenna was, by chance, 
broadside to Europe. He found that, 
while working well on 75 meters in all 
directions, it did a great job into New 
York on 40-meter skeds with W2TBZ. 
But the big surprise was on 20 meters! 
Ray found he was getting exceptional 
signal reports on that band; Europeans 
said he had an "outstanding" signal. 
During the Russian DX contest he 
worked 26 stations in a row on the first 
call, in competition with the "big 
guns." 

Ray felt these results were not in 
keeping with a conventional "all-band" 
antenna and he could only assume the 
excellent reports were caused by the 
antenna's unusual configuration. He 
generalized that the currents in the two 
vertical sections were in phase on 20 
meters, resulting in two half-wave ver- 
ticals in phase - separated by a full 
wavelength. This provides a cloverleaf 
pattern with two lobes perpendicular 
to the plane of the antenna and two 
lobes in the antenna plane. Gain is 
modest, perhaps 3 dB. But, because 
of antenna height, the angle of radia- 
tion is quite low. 

Feeling he had stumbled onto some- 
thing unusual, Ray built a 160-meter 
version of the antenna. It worked well 
on 160 meters, and results were very 
good on 75 meters. His most impres- 
sive results were achieved on 40 
meters, and the antenna even worked 
on 20 meters - but not as well as the 
smaller version. 

Ray is very enthusiastic about this 
simple antenna and is anxious to hear 
from anyone who tries it. 

The Dead Band Quiz 
Answers are still trickling in for the 

locomotive/hornet quiz given in the 

Consider the leftover transistors: 
one if dividing by 2, two if dividing by 
3, three if dividing by 4, four if divid- 
ing by 5, five if by 6 and six if by 7. 

The key to the solution is to ask 
yourself the question, "What if there 
had been one more transistor in the 
jar?" 

Aha! If this is so, then the number 
of transistors would have been evenly 

I I divisible by 2, 3, 4, 5, 6, and 7. That 
Five 0.5-ohm resistors in star connection 
provide 1 ohm between any two terminals. 

number is the least common multiple 

- ----- 
SHORT A 

One length of coax an electrical half-wave length long is shorted at one end. A second piece 
a quarter-wavelength long is open-ended. The inner conductors are connected at C, but 
the outer shields are not. What is the impedance between the two outer shields (points 
A and 817 

October column. Judging from the 
number of replies (over 400 to date), 
you all appreciate a challenge. 

The quiz on parsing the National 
Anthem was a dismal failure. Either 
you all got an "F" in English composi- 
tion and were too bashful to enter, or 
weren't interested in this quiz! The 

of those intergers, 2 x 3 x 4 x 5 x 6 x 7, 
which is 420. But of course, that's not 
the way it was - the smallest num- 
ber of transistors Our Hero had was 
one less than that, or 419 devices! 
Q.E.D. 

Thanks to Joe Caffrey, W3DZH, for 
that brainbuster. 

sentence structure contains the sub- 
ject "you", the verb "can see" and the A new Dead Band Quiz 
object "what". Kudos to Tim Bratton, 
K5RA; Joe Vogt, W5JF; Jack Wells, 
KBYPE; John Peak, KE6HS; Eric 
Nichols, KL7AJ; Harry Johnson, 
NWK. All of you go to the head of the 
class! 

Last month's 
Dead Band Quiz 

K41HPfs Black Box has five termi- 
nals. The resistance between any two 
terminals is 1 ohm. Figure 6 shows the 
connections within the box. Okay? 

W3DZHfs jar filled with transistors 
required a little brainstorming. If you 

Consider two pieces of RG8IU 
coax cable connected as shown in fig. 
7.  One length is an electrical half-wave 
long, the other is an electrical quarter- 
wave long. Note that the inner con- 
ductors are connected at the joint 
A-B, but the outer shields are not. 
What is the impedance between points 
A and B (the two outer shields)? Send 
your QSL card with your answer to me 
at Box 7508, Menlo Park, California 
94025. 1'11 give the solution in a future 
column. Good luck, and see you on 
the low end. 
References 

have the March column in jront Of 
I .  William I. Orr, WBSAl. and Swan D. Cowan, W 2 U .  

YOU, consider this: The Radio Amateur Antenna Handbook. Radio Publi- 
A direct attack on the ~roblem aets cations, Inc., 60x247, Lake   luff, lllinois60044. (Also - - - 

far too complex. ltts actually easier to available from H A M  RADIO Bookstore for $11.95, plus 
$3.50 shipping and handling.) 

solve another oroblem instead, and 
then go back to the original. Article G HAM RADIO 

April 1989 63 



Antennas IN STOCK "'""'. ' "" ' 8" ,p.,....-, L"", ...-A 
MFJ . 'I MI J !.,:1 AEA 

W " t I 5  I YlCRO10r~ART I, &I Lhk .  *l lltl MrJ 1-78 1'. 2V ~ ~ ( ~ A . u ~ ~ ~ I ~ E o ~ A L ~  

- 
In Sloth . OPT0 KEYERS STOCKEO "'"' ' AMERITRON AUTHORIZED DEALER l*Ai:r::,A~RDER5 10 nARRy ENcTRoNlcs c o W  512 BRoAowAv M w  voW CITY, Ny 10012 FouR ENocMs NoitW oF CANAL ST I i l 

I ' We S1wm AEA Anma Alnco AmMo Arnwa*on Antenna SPCIOIIII. 
A<ta# A<!oon M r  N W  Rpnrhea I3 fn R u t l r ~ n d  CDF C f  S cum, fnn 
D.n.*.n F m,?i Yrot, r(.. ~ I Y ~ ~ I P I  H y  (,am .<M LLM L d n l f ~ . c $  I~l%+.n I 1 

B a r r y  E l e c t r o n i c s  C o m m e r c i a l  R a d i o  D e p t .  o f f e r s  t h e  B e s t  in t w o - w a y  c o m m u n i c a t i o n s  f o r  B u s i -  
n e s s e s .  M u n i c i p a l i t i e s .  C i v i l  D e f e n s e .  B r o a d c a s t i n g  C o m p a n i e s ,  H o s p i t a l s ,  e t c .  S a l e s  and S e r v i c e  
f o r  a l l  b r a n d s :  M a x o n .  Y a e s u .  I c o n .  Tad. O c t a g o n .  R e g e n c y M l i l s o n .  M ~ d l a n d .  S t a n d a r d ,  U n i d e n .  
S h i n w a y .  F u j i t u s .  S e a s .  S p i l l s b u r y .  N e u t e c .  e t c .  C a l l  o r  w r i t e  f o r  i n f o r m a t ~ o n .  2 1 2 - 9 2 5 - 7 0 0 0 .  

I l---- r 

" A q u I  S e  H e b l n  E s p a n o l "  MJF J W Mlllrtr Mtrape Nve Paloma#, RF P~odur f l  Snxlon Shurc 

IIA',.i. ::, ,.,. ;: .',.;, ' .  , i ' '. :I.' 
COMUtH(  I A L  UIIIIOE lrmpo Tan Tee: TUAFS Yarru VQrooler DupIexerr Repealers Scam- 
',li)c * E L I  ', '%, '% - .  n e w  RadmPuhl~alanr  Vnlorn I(en*mod.Maxon, RFC 

, Mt ) < I  HAN[II'.F T A C l N  ON CONSIGNMFNI ' I  '."" "' ''.' "" 

BEVERAGE ANTENNA 
HANDBOOK 

FOH TOP PRICES 
M I... ,.,, r .,,.,.<a U I , . ,  Y P U  In',< ,,,.," ,,,* F M  , , ,,, , ,,+ , , ,,,,, % * ,  .t, .&% ,,, ', C.M ,,."- ,~,,.,"q, 

by Vie Misek, WlWCR New Edition 
WtWCR has spent cou~i l l f~\s hours developlnq new 
antenna Ideas and optlrn~zlnq the SWA (Steerable 
wave antenna ) Mlsek delves deep Into the secrets 
o l  thp slngle wlre Beveraqe wtth helpful htnts and 
tlps on how to rnaxtrnlze perlorrnance based upon 
wlre sue. hetqht above ground, overall lenqth and 
lmoedance rnatch~nq Also Includes tnforrnatlon on 

I lR l lLEX Spr~ng 51 Slsl~on" Subw.y.: BMT - - 
Amateur Radlo Courses Given On Our Pmmlses. Call 

, ~ r l n c e  St S!alan" IND F Train-Rwy Slaljon ALL E n ~ o r I  Ordwr8 Sh1pp.d Immdlat.ly. TELEX 12.Te70 
BY.. R r m ~ w a y  6 to Spring St Paltl91h 51 lhln Aue SALES , Slal~on FINAL - - . - -  I 

l ,( . 1.,. ," 
t~..,..,.. :Y.,illl...tl.. 1 .",I 

0..'"',". I.', I . ' * ' . S l . ' S . .  

m ' ' r ' " " 3  t',,x-', ' "  
r*&11.11 

FULLY 
REVISED 

WE *01 s i m  ~ I C ~ I I  c-nm amnm 
HAUDEA16RfHallRfSlNvlTFO P W N E  IN I W r l M M R A R E  RFlYllURSrD 

C O I I C R C I A L  RADIOS atwh.4 8 "n lsd  M mrwnl... . 

THE 
BEVERAGE ANTENNA 

HANOBOOK 

- ." .-. - 

center led Beveraqes constructed out of several 
wlre types SMALL LOT OWNERS - Beverage tor I 
v ~ u  to01 Callpd the Micro SWA 11 IS lust 60 11 Please enclose $3 50 shlpplng a handling 

lonq You qet excellent dlrpcllvlty and null steerlng 
capabllttles Translor~ner deslgn ~nfotrnat~on for 2!z 10) 
both terrntnatlon and leedllnc rnatchlnq I$ corn 
p let~ly revtsed 1987 80 pages  RADIO BOOKSTORE 

VM-BAH 514.95 G R E E N V I L L E ,  NH 03048 603-878-1441 

64 April 1989 

r \ 
KWM-3801 HF-380 ACCESSORIES 

Our bmlery Memory Adapter g iva  your KWM.380 
many new capahilitim: 

Pmcrva  A & R VFOs on power down 
Adds 100 mcmoria & pmerves them 
Adds all fmqumcy transmit 
Scalcd-in-lC haltcry lase 40 ycan. 
lmurlls easily in place orexisling ROM 
No hoard madifications; manual included 

Order Modcl M3 for KWM-380 or M2 for HF-380. 
Either one S 119 ppd I!SA & Canada. Foreign 
Ordcn must add S 10 for rc(lis1cmd & air shippin~. 

Our KPI-380 keypad inlcrfacc is  a new daign - mom 
reliable & IN cxpcnsivc. 565 ppd (keypad not 
included). 
Write lor f l g ro r  call for additional inTormaion. 
L o o k  f o r  o u r  b o o t h  i n s i d e  a t  D a y t o n  

K i r o n  Corporation 
15 16 Ensex Road 

Columbus, 011 43221 
614-416-5146 

Ask Tor Ron WRGUS L/ 

i 
The Finest  432 MHz Y a g i s  

* 
EM€ - T r o p o  - W e a k  S l g n a l  

The FO-22 
ELECTRICAL SPECIFICATIONS: 
Mnswrr.tl qa#n 1 6 ~ R d f M  
I 1'1 t t w  1 1 ~ , ~ ~ ~ 1 w # d l h  7 . I I 5 ~ P ( I  

I I I , ,  t h  7. IZdPC, 
Slrlrlnte a,t..n,lnl,on 

t !  F I 1 17 5 <I11 
I I I I -15 5d l l  

f,h r l l w  7:, 01' 

SWIl  , 1 4 1 427 409 MH; 
MECHANICAL SPECIFICATIONS 
I r.r<qll! I 4  11 
Wmlld %uruoval 93 + MPH 
W8rlrt Sb#rla<r A I P ~  ?R %g 11 

$88.85 1 #,.a. ro,,rtoc~m NI~, 
M3-I ut? 1,) I 5 dmn~~ le r  
I lh.rl)etll ~wwla l rm  11 Y r e r l ~ ~ a n t  
I,I.!c k Delnn 
'.l,lllll~5- PIPPI t,.,I(Wn,. 

- Irr<epl ~t la led hwwm and U bnlll 

All cl.~,, h,%soplml lor f 0 77 Ihe-wlr ancl U h,lO $10.78 
ALSO AVAILABLE 

T h e  i n c o m p a r a b l e  FO-25 and FO-33 
SrACK!NO FRI(M<SPOWfR OIVIOERS 

w- ?<,,TI" ,*,,I.," ,, ,!,! ,,> I,,, ! ,>,,I< I,,, tt8,. t,,I,!,P ,l",!,lPr 
01.11111 ,11..l,l.,l r , , .  $1.' l l H l  6 ' 8  ,,...I LCP,,PI.. l , l l r l o  '>,.I 1111.11 slolloa 
A ,d Sfi Ill'? (;(I+ I h t  ..*#>086, . > r  01 A,~$,,r>!aa.. 

SR r r q t  01 M1..\#99#(>11< 

I 'A  1~10tls.1115 .&I hs)h ~ 1 . 1 ~  l a l w  In. 
lQ 

RUTLAND ARRAYS 
1703 Warren St. New Cumberland. PA 17070 

(71 7) 774-5298 7-10 PM EST 

' U.S. AMATEUR RADIO MAIL LISTS 

Labels, f loppy disks. CD-ROM, m a g  tape. 
Newly  l icensed h a m s  
Al l  upgrades 
Updated each  week 

I 
BUCKMASTER PUBLISHING 

R o u t e  3, Box 5 6  fl 163 
Mineral .  V l rg ln ia  23117 

7031894-5777 v lsa l rnc  8001282-5628 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rad~o Canada Ham Rad~o France 
C A R F  SM Electronic 
P 0 Box 356 20 b~s .  Ave des Clarlons 
K~ngston. ON F 89000 Auxerre 
Canada K7L 4W2 France 
Pr~ces In Canad~an funds 
I yr S38M) 2 yrs $6700 
3 yrs $90 00 

Ham Rad~o England Ham Rad~o Japan 
c/o R S G B Kalsum~ Electrontc Co . Ltd 

Lambda House 27 5 lkegaml 
Cranborne Road 4 Chome. Ota-Ku 
Potters Bar ~ o k y o  146. Japan 
Herts EN6 3JW Telephone (03) 7532405 
England 



THE 
WEEKENDER 

To obtain low noise and high performance from a 
VHF, UHF, or microwave downconverter you need to 
use a high-level, low-noise local oscillator (LO). It's 
common practice to connect the output of a crystal 
oscillator directly to the LO terminals of a 2-meter con- 
verter. If the operating frequency is 145 MHz and the 
IF is 28 MHz, the crystal would operate at 117 MHz. 
My Oscar 13 downconverter operates this way. 

On the other hand, a 432-MHz converter needs 10 
dBm of 404-MHz oscillator power developed from a 
101-MHz crystal followed by two frequency doublers, 
like those described by W1JR.l A 1296-MHz converter 
needs a 1152-MHz LO if the first IF is 144 MHz. For 
this you can use a direct-frequency synthesizer like the 
one described in my UHF VCO a r t i ~ l e .~ .~  A 2304-MHz 
converter with a 144-MHz IF requires a 2160-MHz LO. 
You can obtain this by multiplying the output of a 
1080-MHz phase-locked loop (PLL) by 2. 

More often than not, it's difficult to obtain sufficient 
LO power at 2160 MHz and above without the aid of 
step-recovery diodes (SRDs) and cavity resonators. 
Avoid this kind of complexity by using a GaAsFET fre- 
quency multiplier like the one I've described here. 

Description 
The UHF doubler provides over 10 dBm of output 

power anyplace in the band from 1800 to 3000 MHz, 
when driven from a 7-dBm signal in the 900 to 1500- 
MHz range. It's interided primarily for use as the LO 
in a downconverter but it has many other uses. 

The performance of MESFETs and MMlCs as fre- 
quency doublers up to 24 GHz has been inves- 
tigated.4,5+6 Varactors or SRDs, normally needed for 

By Norman J. Foot, WASHUV, 293 East 
Madison Avenue, Elmhurst, Illinois 60126 

OUTPUT FREQUENCY (GHzJ 

1 I 

Doubler power output for PI, = 7 dBm. 

multiplication, aren't required. The FET simply oper- 
ates as a nonlinear amplifier; harmonics generated 
when the gate is driven into conduction are amplified 
by the drain circuit. The DC current requirements for 
a FET doubler are only about 28 mA. 

I used a 2 to 10 GHz Avantek AT-12570 small-signal 
GaAsFET for my doubler; other types will work as well. 
While I limited my experimental circuits to about 3000 
MHz, the device should operate up to 10 GHz or 
higher, if required. You may wish to cascade two of 
these doublers to provide a 10-dBm LO signal for a 
3.4 or 5.8-GHz converter. 

Performance 
The input circuit of the UHF FET doubler operates 

at 1080 MHz, with the output circuit centered at 2160 
MHz. However, performacce is very broadband as 
shown in fig. 1. 

Nominal ldss is specified on the manufacturer's data 
sheet7 as 80 mA. I operated the doubler with sufficient 
drive to achieve approximately 28 mA of average drain 
current. ldss is highest at band center because the 
input circuit provides the best match to 50 ohms. 

Feedthrough of the driving signal into the output 
is reduced only slightly by the filtering characteristic 
of the output microstrip circuit. Without additional 
filtering, the fundamental signal may be only 3 dB 
below the desired output level. I added a tunable trap 
circuit consisting of a 0.5 to 5.5-pF piston trimmer and 
a 1 "long, 118"wide copper strap connected in series 
to ground, as illustrated in fig. 2. With the trap 
installed, fundamental output level was -40 dBm, 
while the third and fourth harmonics were 27 and 33 
dB, respectively, below the desired signal. Since my 
requirement was for narrowband (fixed frequency) 
use, the trap was the obvious choice. For broadband 
operation, a bandpass or high-pass filter could be used 
instead. 
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JVDC 
NEGATIVE n 

RF 
INPUT 

All capacitors 
L1 4T on 1/16 
J1 and J2 are 

are chips, except C6. m 
ID no. 28 enamel copper wire, slightly spaced. 
E. F. Johnson 142-0298-001 SMA connectors. 

h PISTON 

RF 
OUTPUT 

Schematic diagram, GAsFET doubler. 

CRI 

- 12V - - -5.4VDC - T - 
C11 

(SEE DETAIL 
C8 C9 

7T  0.1 7; 0.1 BELOW FOR 35V 3 5  V 
z 10'16VDC 

BEAD 
INSTALLATIONJ 

- 
m 0 3VDC 

0 2  
2N2369A 

R8 
43k 

R 9  
l o o k  

NEGATIVE 
BIAS 

15V OC 
TERMINAL NO. 12 TINNED BUSBAR 

FB-101 

SOLDER PCB PAD COMPONENT SIDE 

I PCB 

SOLDER PCB PAD TRACE SIDE 

p p p -  

Schematic diagram, power supply/regulator 

Design are made by passing no. 26 tinned copper busbar 
The FET doubler is etched on double copper- through ground holes and soldering on both sides. 

laminated epoxy fiber glass (G-10) pc board material. I calculated the RF circuits with the aid of a com- 

One side is used as a ground plane; the RF circuit puter program I developed for the 1296-MHz pream- 

traces are etched on the other side. Through grounds plifier published in Ham Radio Maga~ine.~ I obtained 

April 1989 67 



U H F  GAsFET doubler ar twork .  

the scattering parameters from the manufacturer's 
data sheet. Despite the fact that the doubler isn't a 
"small-signal" device, it needed very little trimming to 
optimize its performance. 

One of the doubler's important features is its sta- 
bility. Because input and output circuits are an octave 
apart in frequency, there's little (if any) likelihood that 
feedback will cause instability. As a precaution against 
out-of-band feedback, I equipped both the gate and 
drain DC return circuits with ferrite beads. 

The doubler schematic is shown in fig. 2. Figure 
3 shows the power supply. Artwork for the board is 
shown in figs. 4 and 5. Negative gate voltage is sup- 
plied from a common 12-Vdc source with an lC7660 
voltage inverter. This is identical to the circuit I used 
in my 1296-MHz low-noise preamplifier a r t i ~ l e .~  The 
circuit protects against FET damage should the nega- 
tive supply fail. 

Tune up 
Before installing the FET, connect a 150-ohm resis- 

tor temporarily between drain and ground. Apply 15 
volts to the DC input terminal and adjust trimpot R 5  
for 3.0 Vdc across the resistor. Remove the resistor 
and install the FET, taking the usual precautions 
against static charge. 

Next, apply 15 Vdc between the DC input terminal 
and ground. Then, with the input RF drive power shut 
off, adjust gate-bias pot R3 until the drain just begins 
to draw current. This isn't a critical adjustment, 
because when RF power is applied the drain current 
will increase to a value depending on the level of drive 
power. I suggest that you set the drive power to a level 
that produces a FET drain current of about 30 mA. 
Although higher drive levels will produce higher drain 
current and more power output, don't exceed Ids&!. 

Capacitors 
Cl,C7 220-pF chip 
C2, C4 470-pF chip 
C3,C5 1000-pF chip 
C6 Erle 0.5-5.5 pF glass piston trimmer 
C8, C9 0.1 35-volt tantalum 
C10 0.1 12-volt monolythic 
C11,C12 10/16-volt electrolytic 

Potentiometers 
R3 50 k 
R5 10 k 

ten-turn trimpot 
ten-turn trimpot 

Resistors 
R1 1.5 k 1/8 watt 5 percent 

10 ohms 1/4 watt 
3.9 k 1/4 watt 5 percent 
4.7 k 1/4 watt 5 percent 

R7 1.5 k 1/4 watt 5 percent 
R8 43 k 1/4 watt 5 percent 
R9 100 k 1/4 watt 5 percent 

Solid-state Devices 
U 1 78L12 regulator 
U2 ILC7660 inverter 
CRl lN754 
CR2 IN740 
0 1 Avantek A T12570-5 GaAsFET 
Q2,03 2N2369A 

Miscellaneous 
J1,J2 EFJ 142-0298-001 SMA connector 
FBl,FBZ,FB3 FB-101 ferrite bead 

pc board 
eight-pin IC socket 

Note that the FET doubler includes a 10-ohm resis- 
tor in series with the drain circuit and 3-Vdc supply. 
Assess drain current by measuring the voltage across 
this resistor. The total current drain will be about 40 
mA. You can control the output power by adjusting 
input drive level. 
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Conclusions 
This simple but effective UHF GaAsFET doubler 

exhibits power gain. It provides over 10-mW output 
over nearly an octave band. As I suggested earlier, it 
may be possible to design the circuit for operation up 
to and beyond X-band* by using the same te~hnique.~ 
In my application, the doubler operates as the LO driv- 
ing a balanced mixer in my 2304-MHz converter. If you 
have questions regarding this or similar applications, 
send a no. 10 SASE to the author. 
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color and sound video just like broadcast TV. Use 
any home TV camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rearphono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and TV set and you are on the air ... it's that easy! 
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or 426.25 MHz, runs on 12-1 4 Vdc @ .5A, and hot GaAsfet 
downconverter tunes whole 420-450 MHz band down to 
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latest Callbook or w~th copy of license sent with order. 
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THE HAM NOTEBOOK 

Ferrite beads as 
antenna and tower guy 
isolators 
One of the nagging questions about 
antenna systems is the possibility of 
pattern degradation resulting from cur- 
rent flow on guys, feedlines, and even 
the antenna support tower. 

It's standard practice to cut the guy 
into pieces about a quarter wavelength 
long at the highest operating fre- 
quency and place strain insulators 
between the pieces. This cuts the 
coupling to a low value, effectively 
preventing appreciable current on the 
guy and stopping guy radiation. While 
the solution works, no one seems 
happy with it - largely because of 
fears of reduced strength, and the 
work it involves. Many try using a 
balun in the hope that it will solve any 
feedline problem, but tower radiation 
is almost always accepted "as is." 

I found an easy solution to all of 
these problems. Simply use ferrite iso- 
lators, usually as beads. This technique 
was first described as a balun by Walt 
Maxwell, W2DU.l It's easily extended 
to any problem involving unwanted 
current flow. 

It isn't necessary to have a perfectly 
isolated insulator. For example, sup- 

beads on the guy at the high current 
point to increase the impedance to 700 
ohms would cut the current to 1/10, 
and the power radiated by the guy to 
1 1100 of its original value. Even cut- 
ting the current to 1 13 of its original 
value would be helpful. 

The exact number of beads you'll 
need depends on the operating fre- 
quency, and the size and type of the 
beads. (See the W2DU article, and the 
latest ARRL Antenna Handbook for 
design curves and data.) Anywhere 
from three to ten beads would be a 
good start, assuming you're using a 
material that has a fairly high p at the 
operating frequency. Ten to 25 beads 
would be the most that are really 
beneficial. 

It isn't necessary to cut guys (or 
coax feeders) loose to slide beads over 
the end on systems already in use. 
Split beads and shapes are available, 
and do nearly as well. (See the 
manufacturer's literature for informa- 
tion.) 

Another possible solution is to use 
ferrite beads, instead of insulators, on 
the antenna itself. Suppose you want 
to use the top guy of the tower as a 
sloper. Put a number of beads at the 
top end of the guy close to the tower. 
Place more beads a half (or quarter) 

few beads. This will avoid heat 
problems.) Building slopers and delta 
loops in this way is a snap, even for 
towers which are already up. 

Towers themselves are more of a 
problem, because of their size and 
parallel paths through the structure. 
For low frequencies, liberated TV 
yokes and sweep transformer cores are 
good - and readily available. They're 
usually so cheap (free) that you can be 
generous with placement. For best 
results, the ferrite should enclose each 
tower member, but it helps to just lay 
the ferrite close to the member. 

You can calculate ferrite position by 
using the quarter-wave rule, or you 
can measure the guy/coaxltower 
resonance with a grid dip meter. The 
easy way is to make up a few special 
coils for the dipper. Each should be tri- 
angular in shape and about 20 inches 
on a side for low frequencies, or 6 
inches per side for the higher bands. 
Solid TeflonTM insulated wire is ideal, 
but standard house wire works well. 
Use your frequency meter rather than 
trying to make a calibration curve. 

To get close coupling, place the side 
of the triangle away from the dipper 
body close to the conductor. Tune for 
dips as usual. After you find the 
resonances, put some ferrite into the 
place that looks best, and check again. 
The dip may have disappeared, or 
shown a marked decrease. (If you can 
decrease the dip to at least 1110 of its 
original value, you should be in good 
shape.) Sometimes moving the ferrite 
helps; at other times more ferrite is 
necessary. The goal is to have no 
appreciable dips at or close to operat- 
ing frequencies. It's also a good idea 
to check harmonic frequencies, and to 
eliminate any such resonances if 
found. 

After you've placed the beads, use 
weatherproof tape or silicone rubber to 
hold the ferrite in place and protect it 
from weather. 
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I HF Equ~pment IC-781 
1 IC-781 Sup?, Deluxe HF Rlq 

lC.765 New. Loaded wl lh  Features 
IC.761 Loaded Wjlh Extras 
lC.735Gen Cvg Xcvr 
IC.751A Gen Cvg Xcvr 
IC-725 New Ullra-Compact Xcvr 
IC.575A 10ml6mXcvr 

Receivers 
IC.R7000 25.1300 + MHz Rcvr 
IC.R71A 100 kHz.30 MHz Rcvr 

VHF 
1C.228A New 25w Moblle , IC-228H New 45w Mob~ le  
IC.275A All Mode Base wlPS 
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IC.28A FM Moblle 25w 
IC.28H FM Mohlle 45w 
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IC.4AT FM HT 
IC.04AT FM HT 
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IC-37A FM Moblle25w 
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52995 Call S 
1269 00 Call S 

HF Equipment 

TS-94OSlAT Gen Cvg Xcvr 
TS.440SlAT Gen Cvg Xcvr 
TS-1405 Compact. Gen Cvg Xcvr 
TS.680S HF Plus 6rn Xcvr 
TL-922A HF Amp 

Receivers 
R.5000 100 kHz.30 MHz 
R.2000 150 kHz.30 MHz 
RZ 1 Compact Scann~ng Recv 

L ls l  Juns 
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1449 95 Call S 
94995 Cal ls  
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164995 Call $ 
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799 95 Call $ 
59995 Call S 
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TH-215A. 2rn HT Has It All 
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TM.721A 2rni70cm. FM. Mobile 
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Receivers 
FRG 8800 150 kHz. 30 MHz 759 95 Call S 
FRG 9600 60-905 MHz 69995 Call $ 

VHF 
FT-411 New 2m "Loaded HT 39995 Call S 
FT.212RH New 2m. 45w mobtlP 
FT-290R All Mode Porlahle 
FT-23 RITT M t n ~  HT 

UHF 
FT.712RH. 70crn 35w mobll? 
FT 711RH FM Moblle35w 
FT.2311R low.  1 2GHz FM 

VHFIUHF Full Duplex 
FT 736R. New All Mode. 2m170cm 
FEX.736.506m. 10w Module 
FEX-736.220 220 MHz. 25w Module 
FEX.736.1 2 1 ZGHI. low M o d u l ~  
FT-690R MKll 6m All Mode porl 
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FT-4700RH 2ml440 MoDlle 
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FT 312 RM Mob~ le  TEA Call S 

Repeaters 
FTR 24 10 2m Repealers 1269 95 Call $ 
FTR 5410 70cm Repealers 12R9 95 Call S I 
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- 
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I 
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Al l  t h ree  - $20 
$3 sh~pping per  order  

BUCKMASTER PUBLISHING 
Route 3, B o x  56 

Mineral, Virginia 231 17 
7031894-5777 vlsalmc 8001282-5828 
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E W M I N A ~ ; ~  KF INTERFERENCE IN: T V  sets, 
Radios HI-l:I I'A systenq Telephones. VCKs. ,Test 
cqulpAent, RII; I.ir and R r c  d+rms. Modems, Morutors. 
Computers. Radio and TV stations. elc. 
EASY TO USE: fits ovcr and snaps onto small, lar c and 
r ih lwn c+ble\. N o  nccd to  r c m r e  connectors. d i q u e .  
s p l ~ t  l e r ~ ~ t c  w r c  dcslgn 61s u p  to  RGXU coax csblcs. 
WORKS I N  ' C O M M O N  MODE', filters currenl  i- 
d u d  In t l ~ c  b r a d  of stueldcd wbles and ground w e d l  

S p r l r l  k n i t e  matcr la l  cfTccUvc 05  - 200 M H z  

DOES NOTVOID EQUlPhlENT W A R R A W  

RFI KIT ( 
I Use ferrite beads and toro~ds I 

to keep RF out of your 
TV,  stereo, 
telephone, 

etc 

( Free catalog and lnlerlerence Ifp shsst an r€tqtI@Sl. I 

I computeradio 
Box P ~ n c  Rrmk ,  NJ 070.58 
Tel: (201) 227-IT712 
Send prrw~ul check with order. we ship sarrtc d0.y First 
Clars. 3C-day muley back wamnly. @uonlmo drsrr'rmlr. 



Improving clock 
setting for the HW-5400 
I finally decided that there must be a 
better way to set the clock on my 
Heath HW-5400-01 power supply. My 
method of setting the time with a long 
pin or toothpick had to go! I also 
wanted to be able to set the clock to 
WWV to the nearest second. Here's 
my solution. 

You'll need three small momentary 
SPST push-button switches. A set of 
Radio Shack no. 275-1574 or equiva- 
lent is fine. First, disassemble the 
power supply's front panel. Next, drill 
out the two holes on the front panel, 
grill, and escutcheon (they're labeled 
SW201 and SW2021, and one extra 
hole an inch to the right of SW202 for 
the "seconds" display switch. See fig. 
1 for placement. (Remember to 
remove the metal switch springs from 
the display circuit board.) Mount the 
switches through the panel and grill, 

S W 2 0 i  S W Z O Z  
SLOW S E T  

CLOCK SECONDS 
D I S P L A Y  , / DISPLAY 

H W - 5 4 0 0 - 0 1  POWER SUPPLY 

Placement o f  holes f o r  adding SPST 
switches t o  the  HW-5400-01 power  supply. 

placing the escutcheon on last to cover 
the mounting nuts. Bend the tabs of 
the new SW201 and SW202 switches 
so they clear the circuit board. Con- 
nect one side of all three switches 
together and then to the 14-volt source 
by inserting the wire through the slot 
of SW202 on the circuit board. Solder 
the wire to the silver foil. 

Solder the other tab of SW201 to 
the "hot" leg of R202 and the second 
tab of SW202 to the "hot" leg of R203. 
Now solder the other tab of the third 
switch (seconds display) to the circuit 
board pad of pin 34 of U201. 

Pressing the seconds switch dis- 
plays the "ones" minute digit and both 
seconds digits. Simultaneously press- 
ing "seconds" and "fast set" lets you 
reset the seconds to zero without a 
minute carryover. To ensure an accu- 
rate setting to WWV, simply set the 
clock a minute ahead, press seconds, 
fast set, and hold the setting until 
WWV catches up - then release. 
Viola! Precise clock settings to the 
nearest second. 

Dexter King, AB4DP 

A tricky RFI solution 
When the XYL said I was interfering 
with the broadcast receiver, I was 
stunned. After all, I thought I had 
solved just about every problem 
caused by my transmitter - even 
operating full power on all bands. 

"Are you sure?" I said. 
"Well, it has been more than 50 

years since you tried to teach me the 
code, but I can still follow the key 
clicks well enough to make out 
W2YW. And, that new renewal you 
got from Gettysburg says you are 
W2YW - so, yes, I am sure." 

The receiver was an eight-band Fed- 
eral Model 881000 and it was picking 
up key clicks on a few spots in the 
broadcast band. One of them was at 
1390 kHz - the QRG of one of her 
favorite stations to sleep by, because 
it's an all-talk station. The interference 
occurred when I operated on 15 
meters, and with all the activity now 
on 15, 1 simply had to find a solution. 

First, I wound some no. 24 dual zip- 
cord on a 112" ferrite rod 5" long, 
slipped it under the battery pack com- 
partment, and wired it into the AC line. 
This was no help. I was on the right 
track but headed in the wrong direc- 
tion. 

Next, I tried a Kenwood R2000, 
using a piece of bell wire thrown out 
the window for an antenna. No sign 
of any key clicks, but the wife turned 
that solution down saying it had "just 
too many buttons." Now what? 

With the Federal receiver switched 
to battery and the line cord pulled, it 
still picked up the key clicks. 

The solution was simple, but took a 
little doing to find. An extension cord 
was plugged into the other half of the 
wall duplex outlet where the offending 
receiver was connected. This fed two 
desk lamps and an electric clock. Pull- 
ing the extension cord killed the click. 
Evidently the two lamps, extension 
cord, and clock made up an antenna 
that was picking up the 15-meter sig- 
nal and creating a more intense RF 
field around the receiver. The loop 
stick in the receiver picked this up. 

I didn't have any more ferrite 
material, so I dug through my junk and 
found an RF high-voltage transformer 
from an old, old TV set. I cut off all the 
windings with a hacksaw and wound 
another extension cord around three 
sides of the ferrite form. I plugged the 
makeshift choke into the wall outlet, 
plugged the line cord feeding the 
lamps and clock into the output end 
of the choke, and all my clicks were 
solved. As I said earlier, I was on the 
right track with the line filter. The trou- 
ble was, I was in the wrong place! 

Article 1 John Labaj, WPYW 

FEBRUARY WINNERS 
Congratulations to Teddy Coggin, WD4CWV, 

our February sweeps winner and John Piv- 
nichny, N2DCH, author of February's most 
popular WEEKENDER - "High-Impedance 
Rotary Step Attenuator." Both will receive a 
copy of The Radio Handbook by Bill Orr, 
WGSAI. To enter for April's drawing, send in the 
evaluation card bound into this issue, or submit 
a WEEKENDER project. You could be our next 
winner! Ed. 

W t L L  HOW - AU- YO" WAYS T o  DO I S  MOLD 'eP LI*C 
U m I L  T I C  C a M C R E T C  S E T S  I 
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with -sen f f ~ i c k  Woodsome, Communications Consultant 
Woodsome and Associates, Boulde~ Colorado 

When the directors of the Coors International Bicycle Classic needed 
a sophisticated mobile communications system, they turned to commu- 
nications consultant Rick Woodsome. A s  a commun~cations specialist, 
Woodsome knows what it takes to make a communication system work. 

That's why he turned to Larsen Antennas. 
"You don't pull off the largest s orts event in the Western Hemisphere 

without ood communication. An you don't have good communication 5 without t e right equipment. 
g 

"Larsen antennas were instrumental in making last summer's 
Coors Classic an  overwhelming success. They were key to our entire 
communication network. r c -  

"Without Larsen, it would have been uphill all the way." I 

Rick Woodsome +a 
0 d. . 

THE AMATEUR'S PROFESSIONAL. 
Larsen Kulrod" and Kulduckie" antennas 

provide amateurs the same advanta es enjoyed by 
commercial two radio users joth combine ""h too oerlormance wit the l o n ~  ran~e dependability 
you'want. 

See 
your 
dealer 
tor the 
com- 

r;:o, 
Larsen 
antennas 
and per- 
manent 
and 
tempo- 
rarv mou s. You can buv with conl~dence, 
because they're all backed b Larsen's No Y Nonsense Warranty for a tul six monlhs. 

For a protessional approach to amateur radio, 
tune in to Larsen. 

The Amateur's Professional ' 
See your lav~~rlte amsteur dealer or wrlte I t ~ r  ,I 1rc.c arnareur catalog 

IN USA: Larsen Electronics, Inc., 11611 N.E. 50th Avenue, PO. Box 1799, Vancouver, Washington 98668 (206) 573-2722. 
149 

IN CANADA: Canadian Larsen Electronics, Ltd., 149 West 6th Avenue, Vancouver, B.C. V5Y 1 K3 (604) 872-8517. 





P. 0. Box 1000, Morgan Hill, California 95037 
(408) 779-7363 ' "^" 538-2140 (Outside of CA) 

ANNOUNCES 

THE NEX I 'ENERATION 
The amplifiers you nave been waiting for! 

DESIGNED FC jALITY AND VALUE! 
tvery etiort has been made in the design of these amplifiers to offer the highest specifications possible, pro- 
vide the ultimate in reliability, and still keep prices ,jiiordahle. Compare these amps with a11 others on the 
market! You'll be glad you waited for the N E X T gcbneration of solid-state amplitiers irom MIRAGEIKLM! 

144 MHz Amplifiers 220 MHz Amplifiers 
B-1016-G l 0W in = 160W ( C-1012-G 10W in = 120W out 
B-3016-G 30W in = 160W ( C-3012-G 30W in = 120W out 
B-215-G 2W in = 1 50W ( C-211-G 2 W i n  = l lOWout  

vDC 
New prc 
--..I -.,- Ices the ( . - - . . . - - ~tection circuitry automatically  red^ ~utput power to prevent damage to output transistors 
~ I I U  r v rn  returns the amplifier to full power ,lu~orr~atically when problem is cleared! 

New GaAs-FET pre-amp designs provide gain of over 25 db and a noise figure of less than .6 dh! 

Picture this ... You know your station ... You are at home with your gear ... all the knobs, switches, meters ...Q SY'c 
are no big deal, you could do them in your slrer, (and vou probably have!). 

Now, picture this ... It's contest time, multi- 
amps ...y our station amps are bullet-proof. PI 

Each of 
Bull 

.op...do 
~ i n t  and : 

. . 

vou worry about your gear? ... NO! At least not vour 
;hoot, no tune, no touch. From 1h0 meters to 70 cm ... 

YOUR AMPS ARE MIRAGE!  
the four following amplifiers provide ... 
et-proof, thermal shutdown ... VSWR shutdown ... over-current shutdown ... 
120% lCAS duty cycle ... air-cooled ... fan hood available ... 

- Active cooling kit available for 100% key-down duty cycle. 

Available with or without power supply ...p ower supply rated 100% duty cycle. 

TWO 144-MHz Amplifiers 
Finally, a ruggedized high-speed RF switching relay that takes the punishment SSR-op's demand ... 5mS or 
less typical switch-time ... 

Dual-gate GaAs MES-FET pre-amp ... 22 db typical gain. 
Wide, dynamic range for overload protection ... 1 db compression > + 4 dbm. 
Available with power supply ...p ower supply rated 100% duty cycle. 

30W in - 300W out 30W in - 600W out 
(Linear curve: 1W - 30W, 45W max) 24v DC 

13.8 vDC 32 amps max. 
440 watts (DC) 68% efficiency 

TWO H-F Amplifiers 
 awaiti in^ FCC Typp-Ar t c~p tanc r )  

The Band-Pass filter allows wideband performance while meeting FCC specifications ... 
1 .8-4.0MHz 9 - 1 5 M H 7  4.0-9.0MHz 1 5 - 5 0 M H z  

Typical harmonic - 50 dl? 

SOW in - 800W out SOW in - 1,500W out 
13.8 vDC 48.0 vDC 

1,215 watts (DC) 1 101220 - 50160 cycles 
88 amps Auto-Band switch Vacuum Relay fl 14s 

Available with power supply Full QSK 100% key-down forever 
Power Supply included April 1989 77 



( BATTERIES R US. .. I 
You've bought our replacement batteries before ... 

NOW YOU CAN BUY DIRECT FROM US, THE MANUFACTURER! 
- - -- 

I C O M  
C M 2  P B 2  7 2v @ 500MAH 
C M 5 .  PI35 10 8v @ 500MAH 
S U P E R  7 s  R 8s 

SOURCE FOR AL 
Mastercard and V ~ s a  
cards accepted NYS 

BATTERY REPLACEMENT NEEDS. 
res~dents add 87/4% W & W ASSOCIATES sales lax Add $3 00 'OR SHOW 

3e and for postal 
handling. 

29-1 1 Parsons Boulevard, Flushing, N.Y. 1 1354 ~PECIALS! 
W O R L D  W I D E  D I S T R I B U T O R S H I P S  A V A I L A B L E .  P L E A S E  INQUIRE.  

U.S. & Canada Call Toll Free (800) 221-0732 IN NYS (718) 961-2103 Telex: 51060 16795 FAX: (718) 461-19 

c'r'' " F ~ F ~ F  mCneFy~@ F w ~ c @ ~  3 

- - 

7 
Introducing the next generation In packet performance: A complete line of 
affordable 9600 baud packet equipment to support both network nodes and 
local packet Users. The modem is based on PacComm's successful 9600 
baud commercial modem design (exclusively licensed from James Miller. 
G3RUH). It is a high performance FSK design using innovative signal pro- 
cessing techniques to comply with FCC bandwidth limitations on the6and 
2 meter amateur bands as well as higher frequencies. The modem connects 
to the radio internally and may not be suitable for use with all existing radios. 

Olher packet manl,lacturers plan MODEM CARD - Add on lnlernal modem card tor TNC-2 and clones and all 
to oller eq~,tprnenr compalrble wrfh PacComm TNCs $99 95 fully tesled and ready to lnslall (Ava~l NOW) 
Ihe PacCommmPackef EXTERNAL MODEM - Encased 9600 baud modem w~th Iront panel LED dl$- 

plays and cahltnq lor most popular packet controllers lncludlng the PK-232 
$159 95 (Ava~l lalr Aprll) 

term~nnl and antenna $449 95 to 519 95 (Avatl ~n June) 
-. --- -.-- - -  -" ------------- ----- -------. 

fi PscComm 3652 West Cypress Street Tampa Florrda 33607 

1 Please send info on - - - - FREE catalog I 
1 Name - - -  - c a l l  - 1 

Address -- - - -- - 
I 

I - II 
I State ZIP - -  Card# - - _ -  Fxp Dale - - 1 

n 
I I MONEY R A C K  GUARANTEE! A M l l  a)  shrpprng handlrng ,x?r order F I  rr.?&nfs addOn- Sales tar ( 

M.qor C r r d ~ t  C;ird grvr number, exprral~orl and srgnarure F A X  813-877-8696 ( , 
I,,,,,,,,-,,,--------I------------------. 

I INTERNATIONAL 
RADIO AND COMPUTER, INC. 

A N N OU N-C-ES -- 

I1 IS Ihe newesl ICOM dealer In Ihe Soulh Easl. 
t We slock a complele line of ICOM radlos and acces- 
sortes 
t We guarantee lhefel~abl~ly of evefylh~ng wesell w~ lh  a 
complele performance and funct~on check 

We offer complele and efficlenl sewce 01 all our ICOM 
and olher qual~ly producls wl'h Faclciry SCNICC parts 

We have boen sowlclng Iho amateur fadlo communtty 
for efghl years and have 1000's ol sat~sflod customers 
across Ihe counlry 
Call us lor a quote before you make your nerl  ICOM 
purchase. 

(407) 879-6868 

Send lor our FREE catalog ~nclud~ng KENWOOD. 
YAESU and our complete llne of radm and computer 
accessories. 

INTERNAnONAL 
RADIO AND COMPUTERS, INC. 

751 South Macedo Blvd. 
PO* st. LUCI.. FL Y W ~  I3 



A REMOTE DRIVER1 
CONTROLLER 
FOR A TWO -ANTENNA SYSEM 

By William L. Schreiber, NHGN, 73-4327 Imo Street, Kailua-Kona, Hawaii, 96740 

Set azimuth 
and elevation 
from the comfort 
of your shack 

T his article describes a simple light-duty, dual- 
rotator assembly that allows you to set the azi- 
muth and elevation of two lightweight, low 

wind load antennas by remote control. It's ideally 
suited for satellite operation, with uplink and down- 
link antennas each requiring different orientation. 

A variety of rotators - including one that combines 
azimuth and elevation in a single housing - are read- 
ily available. Because I wanted an azimuthal rotator 
with a silent control box, I chose a Winegard TV rota- 
tor that cost about $40. For elevation, I decided to use 
the approach that had been so successful in my solar 
panel sun packer.' That plan involved using a 12-volt 
DC Mazda windshield wiper motor (about $3 at the 
junkyard) and a 2-foot length of threaded 112-inch 
steel rod. A 3-inch flexible coupling was used to com- 
pensate for mechanical misalignment. I tried using a 
3-inch piece of auto heater hose and two hose clamps 
initially, but the combination of sun and mechanical 
stress caused this arrangement to fail after about six 
months. 

The elevation assembly consists of two 6 x 8-inch 
pieces of 114-inch aluminum plate connected by a 
1-inch piano hinge. A 5-foot long x 2-inch diameter 
fiber glass rod (manufactured by KLM) is used as the 
boom and an antenna is mounted at each end. The 
boom is rotatable through 90 degrees with a lead 

is screwed into the flange. The pipe is then attached 
to the Winegard rotator which is bolted to the mast. 

The windshield wiper motor is bolted to another 
6 x &inch piece of 114-inch thick aluminum plate 
which is attached to the opposite side of the base plate 
by another 1-inch piano hinge. (See photo B). This 
assembly permits the motor to move up and down as 
it turns the lead screw and offers further compensa- 
tion for mechanical misalignment (see photos). 

screw mechanism like the one in the solar panel setup.' Left front view of elevation drive at maximum elevation show- 
The other plate (which becomes the base) has a floor ing fiberglass rod support for antenna. Also shown is elec- 
flange bolted to it; a 2 foot length of 1-inch water pipe tronics box with limited switch control circuit. 
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THE QSL BOOK! 
Cont i nu ing  a 6 8  year t r ad i t i on ,  w e  b r i ng  
y o u  th ree n e w  Cal lbooks f o r  1989 ,  bigger 
a n d  be t t e r  t han  ever!  

T h e  N o r t h  Amer i can  Ca l l book  lists t he  calls, 
names. and  address i n f o r m a t i o n  f o r  495.000 
l icensed rad io  amateurs i n  a l l  count r ies  o f  
N o r t h  Amer ica ,  f r o m  Canada t o  Panama 
i nc l ud ing  Greenland. Bermuda, a n d  t h e  
Caribbean islands Plus Hawa i i  a n d  t h e  
U.S. possessions. 

T h e  ln ternat iona l  Ca l l book  l ists 500,000 
l lcensed rad io  amateurs  i n  count r ies  outs ide  
N o r t h  Amer ica .  I ts  coverage Includes Sou th  
Amer ica ,  Europe.  A f r ica ,  Asia, and  t he  
Pac i f i c  area (exclusive o f  Hawai i  a n d  t h e  
U.S. possessions). 

T h e  1 9 8 9  Ca l l book  Supp lement  l s a  n e w  idea 
i n  Ca i lbook updates, l i s t ing  t he  ac t i v i t y  i n  
b o t h  t h e  N o r t h  Amer i can  a n d  ln ternat iona l  
Cal lbooks. Publ ished June 1.1989. th is  c o m -  
b i ned  supp lemen t  w i l l  inc lude thousands o f  
n e w  licenses, address changes, a n d  cal l  sign 
changes fo r  t h e  preceding 6 mon ths .  

Every  act ive amateur  needs t h e  Ca l l book !  
The  1 9 8 9  Ca l ibooks w i l l  be  pub l ished 
December 1. 1988 .  O rde r  ear ly  t o  avo id  
d i sappo in tmen t  (last year's Ca l lbooks so ld  
ou t ) .  see y o u r  dealer n o w  o r  order  d i r ec t l y  
f r o m  t h e  Publisher. 

 north Amer i can  Ca l lbook 
inc l .  sh ipp ing w i t h i n  U S A  $29.00 
incl .  sh ipp ing t o  fo re ign  count r ies  35.00 

l n t e rna t i ona l  Ca l ibook 
incl .  sh ipp ing w ~ t h i n  U S A  $32.00 
inc l .  sh ipp ing t o  fo re ign  count r ies  38.00 

Ca i lbook Supp lement .  pub l ished June 1st 
inc l .  sh ipp ing w i t h i n  U S A  $13.00 
inc l .  sh ipp ing t o  fo re ign  count r ies  14.00 

SPECIAL OFFER 
B o t h  N.A. & ln ternat iona l  Ca l lbooks 
inc l .  sh ipp ing w i t h i n  U S A  $58.00 
.ncl .  sh ipp ing t o  fo re ign  count r ies  68.00 

* * * * * * * * * * * *  
I l l ino is  residents please a d d  6112% tax .  
A l i  paymen ts  mus t  be  I n  U.S. funds. 

RADIO acallbook AMATEUR INC. 

rwpt .  F 
925  She rwood  Dr.. B o x  2 4 7  
Lake  B lu f f ,  lL 60044 ,  U S A  

Tel:  ( 312 )  2 3 4 6 6 0 0  E$j 
L 

OLD RADIOS, YOU NEED ... 
ANTIQUE RADIO CLASSIFIED 

Antique Radio's 

IQi;4Sr3n F!FL~IILI .I'.$ 
& I< S-arch G~I,IIIIC 

mr.nlc p-r  s-~cnr):! 
Srdri/Se:trc!i sper i l + ~ l p  I c  7ficharn , , 

. BIIIII III I?: :' $ 2  :-~,III~,u~vI ~ r~ ! *~ r f , ~ ( - *  

.:I~P 3 "H x 5  ' V i a  : "I? WI ? ib  1rIc: 
Supplied v::lh AC % PC powrr icbrds Telrscopic 

- - 

COMMUNICATIONS 
10101 E. 106th St. Indpls.. M 46256 - I:, L !I : ' , , .  1. r1.f 1 1  

ANTENNA MODELING 
. -" 

4Mz--h'* 

' 1r Bf 
m I ' '-i" 

Easy to use w11h menus and opt~onai mouse Enter 
parameters and get a color coded s~nuso~dal prolectlon 

of a MW or SW antmna Move over the projection 

w ~ t h  a mouse or cursor and read the galn at that polnt 
LONG WIRE PRO models long wlres vee s d~poies 
and rhomblcs d~splaylng a s~nuro~dal prolecl~on $40 

VERTICAL PRO models slngle vert~cals or arrays 
d~spiay~ng a slnuso~dal prolectlon a ground wave plot 

and the tmpedance of each element 180 

IBM PC compat~ble DOS 2 Oor hlgher 256K. CGAor EGA 
color requlred lnternat~onal orders add $5 sh~pplng 

EKllONCO f l m  

Box ' 5 Trumbull CT 0661 1 (203) 261 -7694 

1989 EDITIONS 
1989 RADIO AMATEUR CALLBOOKS 

NORTH AMERICAN CALLBOOK 
Fully updated arid pd~:rd In Include all the lalpst FCC and forelgn 
oovernnlenl callvans and addresses lor Hams In Norm Amer~ca 
includes plenty ot handy operatlnp a~ds such as tlme charts. OSL 
bureau addresses. census lnlormal~on and much more Calls lrom 
Northern Canada lo troplcal Panama Now IS the llme to buy a 
new Callbaok when you'll gel the mosl use oul ol your Invesl. 
ment 1988 1672 pagPs 
i ICE-US89 Softbound $25.95 

INTERNATIONAL EDITION 
OSL's are a very ~mportanl part of our hobby All sorts 01 awards, 
lnclud~nq thr coverld OXCC. requlre confirmallon of mntkt before 
the award can be tssued Ol swclal Interest. addresses are belng 
added dally for Ham? In the USSR and other countries Wh~le In 
no means complete. 11's a slart and will be of tremendous help 
In geltlng OSLs Handy operating alds round w l  th~s super book 
value 1988. 1672 pages 
I ICE-F89 $28.95 

BUY 'EM BOTH SPECIAL 
Reg. $54.90 Only $49.95 SAVE $4.95 

THE 1989 ARRL HANDBOOK 
Revised and updated w~th Ihe iatesl tn Amateur lechnolopy, now 
IS me tlmp lo ord~r yoltr very own copy of the world lamous ARRL 
HANDBOOK In add~llon to belng the deftn~trve relerence volume 
tor your Ham shack, there are plenty 01 prolects lor every lnleresl 
In Amateur Rad~o - lrom antennas for every appltcatlon lo the 
latest stale.of.the-art prolecls - you'll find 11 all In the 1989 HAND. 
BOOK Over 11 W panes 

1988 
: IAR-HE89 Hardbound $20.95 

ANTENNAS by John Kraus, WUK 
Kraus s cl.~ss~c antenna book has been exlenslvely revised and 
up-daled to retlecl Ihe latesl state-01-me.arl In anlenna deslgn and 
theory Includes over 1 .W llluslrat~ons and nearly 600 worked 
examples and problem solullons Chapters cover hastc COnCeplS. 
po~nt sources and polnl sources and polnt source arrays. d~poles. 
hel~xes, broadband and lrequency independent antennas, Specla1 
appllcallons and tons more ol lnlormat~on Also ~ncludes 5 awn. 
dtces relerortce tdbies, colnputer proglana. books and ndeo lapes. 
answers lo problems and a problem supplemenl College level lext 
lor lhe Amateur 2nd edlllon. 917 pages 1900 

fl 141 1MH-35422 Hardbound $59.95 

HAM RADIO'S 
BOOKSTORE s - 
Greenville, NH 
03048 

ae 
603-878-1441 fl 139 

80 a A p r i l  1989 P k u e  enclose $3.50 shlpplng and  handling. 



3 PIN 

ANTENNA MOUNTEO 

ELEVATION 
POTENTIOMETER 

SOCKET 

d P I N  P L U G  

r - i  . . 
4 ,  I 
I ;  O I ELEVATION SWITCH ON PANEL AT RIG 

I l o !  

I I ; INPUT TO LM3914 . -P INS  

I I 
L- .J 

CAELE TO EL EVATION 

POTENTIOME TER 
r - i  

MOTOR 

RELAY 

TO BLINKING LED VIA 

I- 
N' POWER PLUG ON PANEL - 

Antenna mounted part of elevation control. VHFIUHF antenna. 

It takes about 3 minutes for the antennas to go from 
0 to 90 degrees elevation. There's a potential prob- 

Side view of elevation drive with windshield-wiper motor 
attached. 

lem here, however, with the antennas not visible from 
the station: they could be inadvertently driven below 
0 degrees or above 90 degrees, and this could destroy 
the system. To prevent this, and to make the system 
as foolproof as possible, I installed two Microswitch 
limit switches at each extreme of elevation travel. One 
causes an LED (RS-276-0361 to blink in the shack just 
before the whole system hits bottom or top; the other 
activates an antenna-mounted timer and relay that 
automatically reverses the motor for 30 seconds. 

A circuit built for this purpose is shown in fig. 1. 
A manually-triggered monostable that uses an LM555 
is employed. When the first limit switch is activated, 
a ground is placed on a blinking LED in the station, 
signaling the operator to reverse the motor control 
switch promptly. If the operator doesn't respond 
quickly enough, a second switch is activated, power- 
ing up the timer and causing the relay to change state 
and reverse the motor. This continues for about 30 
seconds, which should be plenty of time for the oper- 
ator to recognize the error. The 555 times out, the relay 
releases, and regular motor control can now occur. 
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Elevation control + indicator. 

- e m  
The whole assemblv is bolted to the lower an- 

.' 
:. 

tenna mounting plate and encased in a 3 x 5 x 2-inch 
weather-tight plastic box. 

elevation angle indicator . 
This design provides a simple, reliable elevation 

angle indicator. Instead of choosing an old-fashioned 
analog meter, I opted for a bank of LEDs. 

A nice circuit for this indicator (fig. 2) is one origin- 
ally intended for use as a voltmeter and described in 
the NationalLinear Data Book.2 The driver IC is avail- 
able from Radio Shack (No. 276-1707) or other ven- 
dors. The LEDs, also from Radio Shack (276-0811, 
come in a nice ten-element block. Controls P1 and P2 
adjust the point at which the bottom and top LEDs 
activate. It's necessary to set these alternately as the 
antenna is elevated and depressed, so that the array 
starts at 0 degrees rather than 90 degrees, and also 
so that the whole array is lit at maximum elevation and 
unlit at minimum. This takes a bit of juggling back and 
forth, as well as setting the antenna pot so that it 
covers a full 90 degrees before it hits the stops. Doing 

Right front view of elevatton drive at maximum elevat~on 
this isn't as complex as it sounds, but does require two 

showinq fiberqlass rod support for antenna. Also shown is people: the operator in the station and a helper at the 

8 2  
2 w  

10°F. 16V 
+ 1 2 v  

- - . . 

electronics box with limit-switch control circuit. antenna. 
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arlcl ;I long way to anywhere. 
You probably couldn't find a 
better test of the new SR-1400  
All-Mode Transceiver than Heath's 
expedition to Taipei in the 
Republic of China 

When working DX, you need 
sensitivity to  dig for the weak 
ones, but still need dynamic range 
so the guy down the block doesn't 
clobber you in the middle of a 
QSO. Sure, the SR-1400  worked the 

features claritier (RIT), h n t  
panel AGC, noise blanker, all 
mode squelch, 20 dB attenuator, 
computer interface, and a clean, 
"operator preferredn front panel 
layout. 

The transmitter's PA is cooled 
by a quiet, thermostatically 
controlled internal fan and is 
enclosed in its own diecast 
aluminum heat-sink chamber, 
which allows for full power 
operation in CW, SSB, FM and 
KITY, AMTOR, SSTV, and Packet. 

Heath 
offers you more. 

In addition to the SR-1400,  
Heath offers a full line of pre- 
assembled or  build-it-yourself 
amateur radio equipment to 
completely ouffit your ham shack 
or  upgrade your system. 

You can also prepare for your 
next exam (Novice, Technician, 
General, Advanccd or Extra class) 
with Heath study courses. 

Finally, as a Heath-equipped 
ham, you can get answers to your 





Here's how. 

Please fill out the 
Magazine evaluation 
card and mail it to 

us. We'll tabulate all 
the responses to 

see what you do and 
do not like. 

There will be a 
drawing of evalua- 
tion cards. The 

person whose card 
is picked will win an 
Orr Handbook. Help 

us make the best 
Amateur magazine 

even better. 
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Also, each month 
the author of the 

ost popular 
iKENDER will 
K) be given a 
3rr Hand book. 
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in fact, it's still much wider in practice than the 9 
degrees represented by a single LED. 

My station operates almost entirely from a 12-volt 
storage battery kept charged by a photovoltaic (PV) 
panel. There's no reason why you can't get by with 
regular 120-volt service. 

References 
1. William L. Schreiber, "Complete S o l a r  P o w e r  for Your Ham Sta t ion . "  ham 
radio, December, 19&l, page 14. 
2. Linear Data Bwk,  National Semiconductor Corpora t ion .  1982. pages 9-163. 
3. G e o r g e  Chaney ,  W T L .  "An I n e x p e n s i v e  E l e v a t ~ o n  Indicator. ' '  ham radio. 
June. 1985, page 67. 
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Left rear side view of antenna drive system. Elevation pot arm 
with lead weights is visible at top. 

DC control panel, column of LEDs and "Stop" LED used for 
elevation indication on right side. 

All that'B needed to actuate the circuit is a variable 
source of DC representing elevation angle. A clever 
way to do this appeared in the Amateur press several 
years ago.3 A good-quality linear potentiometer is 
mounted in a waterproof box on the elevation part of 
the antenna. The potentiometer shah has a 112-pound 
lead fishing weight attached; this keeps the shaft ver- 
tical no matter what elevation angle occurs. Feed the 
pot with 12 volts DC on one end, ground the other, 
and pick off the elevation-dependent voltage from the 
center tap. This goes to pin 5 of the LM 3914 driver 
IC, where it's conditioned and trimmed to light the 
LEDs progressively. 

I opted for ten LEDs to indicate 9 degrees each, 
which might be too coarse for a purist. It's a simple 
matter, however, to cascade as many LEDs as desired; 
a circuit for this purpose is included in reference 2. 
While the antennas have a rather narrow beamwidth, 
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THE CONVOLUTED 
LOOP 
Here's a small, 
very efficient, 
low-band radiator 

By Ted Hart, W5QJR, P.O. Box 334, Melbourne, Florida 32902 

April 1989 89 

A small loop antenna can provide excellent per- 
formance for both transmitting and receiving.' 
The convoluted loop in fig. 1 is a single con- 

ductor configured to produce two orthogonal loops. 
This results in an antenna with high performance, 
small size, and an almost ideal radiation pattern for 
operation at the low end of the HF spectrum. The 
antenna is designed for mounting at ground level over 
a small counterpoise; its height is less than 0.04 wave- 
length. 

Theory 
Table 1 lists the equations developed to define the 

convoluted loop. The computer program at the end 
of this article is based on these equations. 

The efficiency of any antenna is defined as the ratio 
of the radiated power to input power. This is con- 
veniently expressed as the radiation resistance divided 
by the sum of the radiation resistance plus loss resis- 
tance. Because small antennas are characterized by 
low radiation resistance, efficiency is a major concern. 
On the other hand, large antennas have a high radia- 
tion resistance compared with the loss in the antenna 
conductor. 

The radiation resistance for a small loop antenna is 
dependent on the area enclosed by the conductor and 
the operating f requen~y .~ ,~ ,~  The antenna will become 
self-resonant if the conductor length is greater than 
1 I 3  wavelength due to distributed capacity. This sets 
the maximum length of the conductor. The equations 

M A X  GAIN 
AT LOWANGLES 

0 

1 
Physical layout of the "convoluted loop." 
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Satellite TV is still full of the wonderment that 
made it so popular in the early '80s. The 
tinkerers are there, the programming is 
there, and never has the cost of becoming a 
dish owner been so low. 

So, how do you find out about this exciting 
entertainment? 

Through publications devoted specifically 
to satellite TV, that's how! 

America's Weekly Guide To Satellite TV 

OnSat is unsurpassed for the most up-to- 
date listings of satellite programming. Dr. 
Dish, Mailbag, and theTransponder Service 
Watch are all geared to help you make the 
best use of your satellite TV system. A 
sample issue can be obtained for only $1. 

The Complete Monthly Guide To Satellite TV 

STV Guide contains over 300 pages of 
programming information, product reviews, 
home troubleshooting, and information 
about satellite TV. A sample issue can be 
obtained for only $2. 

Both OnSat and S N  Guide contain listings 
for over 120 channels and Prime Time Grids 
for over 50 channels. Subscribe to either the 
weekly OnSat or the monthly STV Guide for 
only $48 per year. 

To start receiving the best in satellite TV 
guides and information, call toll-free 
(800) 234-0021. VISA1*' and Mastercard " 
accepted. 

STV Guide/OnSat 
PO Box 2384 Shelby, NC 281 51 -2384 
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FREQUENCY ( M H z )  

Effect of conductor diameter on efficiency - total conduc- 
tor length is 80 feet. 

Equations for a Convoluted Loop Antenna. 

Efficiency of an antenna t = RR/(RR + R,) 
Radiation resistance-ohms R, = 3.38 x 10-a(FZA)2 
Total area-square feet A=4(S/8) '  
Loss resistance-ohms R,=9.96 x ~ o - ~ ~ F ( s / D )  
Q Q=XL/ (2(RR+ RL)) 
Bandwidth-MHz BW = F/Q 
Inductance- henries L = 1.13(5.6624 x 10-7 

x S0.6984) 

Inductive reactance-ohms X = 2rFL 
Distributed capacity-pF CS = 1.1374 x lo-" 

+4.684 x 10-13 x S 
Tuning capacitor- pF CT = 1 /(2?rF)'L) - CS 
Voltage across tuning 
capacitor VC = .\/POX 
Plate spacing for CT-inches SC = VC/75000 
F-operating frequency-MHz 
D-conductor diameter-inches 
S -conductor length-feet 

reflect the fact that a single conductor forms two loops 
for this antenna. When a reflecting screen is placed 
under the loop, the effective area of the loop doubles 
because of the image concept. In the equation for 
area, the multiplier of 4 covers both the dual loops and 
their reflected images. For a square loop design, each 
side of one loop is the total conductor length divided 
by 8. The maximum area is achieved for a given con- 
ductor length when the conductor is circular. The area 
is reduced to 87 percent for an octagon and to 78 per- 
cent for a square, when compared with a circle. For 
mechanical simplicity, a square loop with a reflecting 
screen is used for the example in this article. 

The small loop area results in low values of radia- 
tion resistance. The primary component of loss resis- 

tance results from the loss in the conductor; a small 
component is due to ground loss, which will be dis- 
cussed later. Therefore, a low-loss conductor is 
required. To minimize loss, use copper pipe. The equa- 
tion for loss resistance includes skin effect 
loss for copper pipe, which varies as a function of fre- 
quency. 

Although efficiency is a major design parameter for 
any antenna, the Q of the antenna must be consid- 
ered for small high-efficiency ones. Large diameter 
conductors allow the Q to be sufficiently high to affect 
the instantaneous bandwidth in such a way that it may 
be too narrow for the type of modulation desired. High 
Q is also an indication of very high voltages across the 
tuning capacitor. Small conductors, which have higher 
loss resistance, will produce lower Q and lower effi- 
ciency. For this reason it's necessary to make tradeoffs 
in the design of the convoluted loop for a particular 
application. For most applications in the HF frequency 
range, 3/4-inch copper pipe (9110 inch outside 
diameter) is a reasonable compromise. Figure 2 
presents efficiency versus frequency for various size 
conductors, indicating only small improvements for 
larger, more expensive, copper pipe. 

The equations for inductance and distributed capac- 
ity are based on data derived from convoluted loops 
of varied sizes at various frequencies - primarily 
between 1.8 and 10 MHz. The tests were performed 
on the latest version of MININEC3.5 They have been 
derived for 314-inch copper pipe and square loops 
only. Once the inductance and distributed capacity 
have been calculated, the convoluted loop is consid- 
ered a simple resonant circuit. This lets you calculate 
the inductive reactance and the tuning capacitor value. 
Multiply the equation for inductance by a value of 1 .I3 
to cover the effect of the matching network. The 
matching network is an autotransformer type of 
match, having both series and mutual inductance. 

You can calculate the Q of the antenna once you 
know the inductance and resistance. Divide the stan- 
dard equation for Q by 2 to include the effect of the 
transmitter/receiver loading; it's the system Q that is 
important, not the Q of the antenna as a stand-alone 
component. The calculated bandwidth of the antenna 
is the f 3 dB bandwidth, assuming a perfect match 
(VSWR = 1.0:l) at resonance. At the 3-dB frequen- 
cies the calculated VSWR is 5.1:1 and the resistance 
and reactance values are equal, resulting in a 45- 
degree phase shift of the equivalent resonant circuit. 

The voltage across the tuning capacitor is a func- 
tion of the transmitter power and the antenna imped- 
ance. Despite the fact that the voltage can be very 
high, it's not excessive for available tuning capacitors. 
Although vacuum variables are preferred, the spac- 
ing for an air variable is calculated based on 75,000 
volts per inch spacing. 
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I I 
A 120-foot dipole at 60 feet for 4 MHz. Azimuth pattern at an 
elevation angle of 10 degrees over sandy soil. 

long sides of the loop, formed to the inside of the loop 
antenna orthogonal to the loop that includes the tun- 
ing capacitor. The spacing between the feeder and 
loop conductor and the length of the feeders deter- 
mine the feedpoint impedance. Once you've soldered 
the ends of the feeders, bending the feeders to vary 
the spacing will let you achieve a very low VSWR. This 
is only one of many ways to feed this antenna; I find 
it the most convenient.= 

The loop develops a very high magnetic field. If the 
loop is placed close to ferrous metal, like reinforcing 
material in concrete, some rain gutters, or antenna 
towers, RF energy will be coupled into the ferrous 
material. This reflects a change of impedance into the 
loop, increasing its loss resistance and decreasing its 
efficiency .' 

Because of its magnetic properties, the convoluted 
loop isn't sensitive to electrostatic fields (the major 
cause of reception of man-made noise). You'll notice 
a significant improvement in signal-to-noise reception 
in noisy areas. In theory, the value is 26 dB. As a result 
of the high 0, the antenna serves as a preselect filter 
prior to the receiver. This improves reception in the 
presence of impulse noise, especially from lightning 
during thunderstorm activity. 

Earlier I suggested that the antenna should be used 
in conjunction with a counterpoise. Figures 3,4, and 
5 present radiation patterns derived from MlNlNEC3 
for a 10-foot tall convoluted loop operating at 4 MHz 
with a counterpoise made of 120 radials - each hav- 
ing a length equal to twice the height of the antenna. 
Because you're dealing with the reflected energy only 
(not conducted energy), the radials don't need to be 
connected to the loop. All patterns presented in this 
article are over a ground with a dielectric constant of 
10 and a conductivity of 0.002 siemens, representing 

A 120-foot dipole at 60 feet for 4 MHz. Elevation pattern cut 
in plane of dipole over sandy soil. 

A 120-foot dipole at 60 feet for 4 MHz. Elevation pattern cut 
at 90 degrees to plane of dipole over sandy soil. 

A 40-meter convoluted loop using 120 quarter-wavelength 
radials over typical earth. 
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60 foot vertical antenna with 120 quarter-wavelength radials. 
Elevation cut at 4 MHz. 

Example of the prompts encountered when running the pro- 
gram for determining the parameters of a convoluted loop. 

I FREOUENCY (MHz)  I 
Antenna performance for various total conductor lengths. Tuning 
conductor's line. 

sandy soil in Florida. The patterns are based on 
antennas with perfect conductors. Actual patterns can 
be determined by reducing the pattern gain by the effi- 
ciency calculated for a particular size antenna. Figures 
6, 7, and 8 are presented for comparison based on a 
dipole over the same ground. Figure 9 is a convoluted 
loop at 7 MHz over 120 116wavelength radials, and 

capacitor values are indicated in pF at various points on each 

fig. 10 is a 114-wavelength vertical with 120 
1 /Cwavelength radials, given for comparison. 

It's important to note (see fig. 9) that hemispherical 
coverage is achieved, allowing the antenna to be used 
for both local and long range communications. As a 
result of its magnetic properties, a loop antenna 
produces significant radiated energy at low elevation 
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angles. This also confirms that there is very little 
ground loss for this antenna. 

On-the-air tests, in comparison with other antennas, 
have confirmed the performance of the convoluted 
loop and verified the performance indicated by the pat- 
terns derived from MI  NINEC3. Measurements on the 
antenna also confirm the accuracy of the equations. 
A sample run of the computer program is shown in 
fig. 11, to assist those who want to develop a con- 
voluted loop antenna for a particular application. 
Figure 12 presents a set of data run from the program. 

The convoluted loop is a result of efforts to design 
a high-performance antenna requiring very little space. 
I hope others will modify this design (perhaps by put- 
ting a "twist" to the conductor) and achieve an 
antenna design that's truly nondirectional. 
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Civil Action No. 77-201 9 
Judge Charles R. Richey 

A-N: WOMEN WHO SOUGHT EMPLOYMENT WlTH THE VOICE OF AMERICA (VOA), THE UNITED 
STATES INFORMATION AGENCY (USIA), OR THE UNITED STATES INTERNATIONAL COMMUNICATION 

AGENCY (USICA) BETWEEN OCTOBER 8,1974 AND NOVEMBER 16,1984. 
YOU MAY BE A VICTIM OF SEX DISCRIMINATION 

ENTITLED TO A MONETARY AWARD AND A POSITION WITH THE AGENCY. 
UNITED STATES DISTRICT COURT FOR THE DISTRICT OF COLUMBIA 

CAROLEE BRADY HARTMAN, et al., 
Plaintiffs, 

v. 
CHARLES Z. WICK, 

Defendant I 1 
PUBLIC NOTICE 

On November 16,1984, the United States District Court for the District of Columbia found in this class aclion lawsuit that the United States lnformation Agen (USIA 
or the Agency), including thevoiceof America(VOA), is liable for sex discrimination a ainst fernaleapplicantsfor the following positions at the Agency.   he U ~ I A  was 
cdso formerly known as the United States International Communication Agency (JSICA On January 19, 1988, the Court issued its opinion ordering relief in 
i~variety of forms to potential class members. Accordingly, this case is now In the rernediatbhase. 

JOBS COVERED 
:3pedliilly, the Court has found that the Agency has discriminated against women in hiring in the folbwing jobs: 

.Eleclronlc Technician (Occupational Series 056) 
SFaeign Language Broadcaster (Occupational Series 1048) 
-1nternatlonal Radio Broadcaster (Other) (Occupatbnal Series 1001) 
.International Radio Broadcaster (English) (Occupational Se rb  1001) 
-Produclbn Spedalist (Occupatbnal Series 1071) 
.Wrlter/Edlta (Occupatbnal Se rb  1082) 
.Foreign Information SpecialiitlForelgn Affairs SpecialisVFaeign Service lnformation Offlcer/Foreign Se~ica Officer (Occupational Series 1085 and 130) 
.Radii Broadcast Technician (Occupatbiwl Series 3940) 

WHO IS INCLUDED 
All women whoswght enpbyment wlh the Agency lnany of the jobs listed abwe between October 8.1974and November 16.1984 and were n u  hlred may be eligble f a  reliel. Also lnduded 
arethasewomen whowerediscouraged fmmapplyingfatheseposltions during that time period. Even thosewomensubsequently hired by the Agency in somecapadty may beentitled to par- 
ticbale Inthe remedial phase of thiscase. 

Women who sought enpbymentwkh the Agency as Foreign Sewim Officers or Faeign Service lnformation Ollbrs may be eligiblefor dinerent kinds d relief depending rpon the dale of a p  
pllcatlon and whether they sougM ewbyment at the entry level or mid-level. Women who sough enpbyment with the Agency as level Foreign Senrlm Officefa or Forelgn Service 
lnforrnatbn Mficars In theyears 1974-1977 must use the procedureoutlined below. Womn whowugMempbyment withlhe Agency as-Foreign S e ~ I m M f i i s o r  Foreign Sewica 
lnformation Officers In the years 1974-1984 must also use the procedure outlined bebw. However, women whosoughtenpbyment with the Agency asLnfLy bvel Forelgn Service Officers a 
Foreign Service lnformatbnOlllmn In the years 1978-1984cannot usethe procedure outlined below, sin- thecourt has ordered analernativefamd reliel for them and selecledwomen In 
this group wlll be nolUled Individually as tothelr rights. 

RELIEF AVAILABLE AND HOW TO OBTAIN IT 
Reilef avallableto dass members may indude a rnonetaryaward and/or priority consideration foracurrentposition with the Agency. If you think ywmay beentitled torelief, ywmYiltc4Iain 
aclalmfarn wmplete itfully. and return it towunselfortheplaintifl das.  Bruce A. Fredrickson. Esq.. Webster 8 Fredrickson. 1819 H Streel. N.W.. Suke300. Washington. D.C.XXXlB (2021 
6598515). postmarked no later than July 15.1989. 

Yw my&ain adaimforminper~~nandlor inwiringfrom~ev(~alw~r~es: ~ o ~ n s e l f ~ r t h e p i a i n t I f ~ h ~ ~ , ~ h ~ ~ e a d d r e s ~  la liistedabo~~;Inpen0nfr0mUSI4 Front Lcbby.3014th .SlrW,S.W., 
Washington. D.C. (8:15am -5aCpm). Office of Personnel Management (OPM). Federal Job Information Center (First Fbor. Room 1425). 1900 E Street. N.W.. Washington. D.C. (830am 
2:30pm),orfmmareaOPMofficesthmughoulthewunlry;inwriting. VOA-Harlm. P.O.Box403. Washington. D.C.20044. YwshouldcaretuUy msideraUquestbnsonthechimfarn~ 
P. and return ilto wunsel fortheplalntHs. Po no t  under rnv drcumstmce~ return theclaim formto the Judge.theCourl atheClerkof theCourt. The Judge. theCourland the Clerkd the 
Court-the ciaim form andm'll not forwudchim forms toplaintifh'cwnsel. 

PROCESSING OF CLAIMS 
The process for handling claims has mt been finally decided. Thus far, the Cwrl has ordered that responding dass members demonstrade thelrpotentlal enthlemenf to reliel at an lndlvldual 
hearing to be scheduled at a later date. However. the Court has resewed the right to reconsider this promdure in Me event the number of claimsfiied m a h t h k  approach unmanageable. 

Should individual hearings be used, you will b e t o  the date and timeof your hearing. Moreover. you will beentitled to legal representation by counsel f a  thephlntifldass or hk 
designeeat nocost to yw. Legalcounsel will discuss your dalmwith youprbrto ywr hearing, help you prepare ywr case and represen( you at your hearing. You my ,  of wum.  retain your 
own attorney to represent you. U you w desire. 

At the Individual hearing, youwlllbe asked todemonstrate your potential entitlement to relief by shaving that y w  applied for one a more ofthe covered posltbns durlng the period Oclober 8. 
1974 and Nwember 16.1984and that y w  were rejected. or that you weredkwuragdhmapplylng. Evidence may be required in thef~rmoftestlmony~d~~~ments, orboth. Onm y w  have 
demnstratedthesefacls. USlA Is required toprove. by dear and convincing evidence, thal you were nd  hlred (for  position f a  which you applied) f a  alegitimale. norbdiscrlmlnalory ma- 
son.suchasfaiIuretopo~se8~ requisite qualificatbns. Should USlA makesuchashowing. you wouid then beentitledo demonstratethatthe&encyYs reason ismerelyawverforeexdlscrirnk 
nation or unworthy dbellel. 

Foliowing the hearing, h e  Presiding Oflic'al will decide whether you are entitled to relief and. I( so, what relief Is appropriate. You may be entitled to wages and benefits you would have earned 
U you had been hired (backpay) from the dated ywr rejection until the date relief Is approved. Under the law. back pay is offset by earnings you may have had during the period. In addition. 
you may befound tobeentitledlofront pay (that k, wrrpensatbn Into thefuture until an appropriate poslion la aflorded you). Similarly, you m y  be found tobeentitled to priority conslderatbn 
for enpbyment with the Agency. ff hlred. you may further be entitled to retroactive senbrity with the associated bendits and thevalueof any promotbns you would lkely have had ll you had 
not suffered dlscriminatbn. 

To participate in the remedial phase, ypy m t  fullv comdete (hc dr lm 
REQUIRED STEPS TO FILE YOUR CLAIM 

and r&urn il. POSTMARKED NO IATER THAN July 15.1989. lo wunsd f a  the plaint% dass. Your failure to 
do w wlll result in your losing all righls you m y  have in this hmult. H you have questions about your rights or procedures available to yw, y w  may mntacl counsel forthe plaintin cbss: 

Bruce 4 Fredrkkson 
Webster 8 Frediidtwn 
1819 H Street. N.W.. Suite300 
Washlngton. D.C. 20006 
(202/659851 5) 

October 4,1988 /s/ Judge Charles R. Richey 
Date Unned States Dktricl Court 

JudgeCharles R. Ridrey 
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MER's 
NOTEBOOK 

Tom Mc Mullan, WISL 

Voltage-variable 
capacitors 
I'm planning a column for the near 
future about oscillators and what 
makes them work. For now I'd like to 
talk about one of the components 
used in many oscillators - a diode that 
acts like a variable capacitor. I thought 
a review of how this diode works 
would be useful. You may think that 
because it doesn't look like a capaci- 
tor, it can't act like one. But some vari- 
able capacitors can have an appear- 
ance completely different from those 
of earlier days and still pass the test. 

For high-power use (in the power- 
amplifier stages of a transmitter or in 
an antenna-matching network, for 
example) the mechanically variable 
capacitor with its tolerance of high vol- 
tages is still the only way to go. For 

P - T Y P E  N - T Y P E  
MATERIAL MATERIAL 

+ + + + + +  - - - - - -  
+ + + + + +  - - - - - -  
+ + + + + +  - - - - - -  -En- 

P-type semiconductor material and N-type 
semiconductor material are placed together 
to form a diode. The material can be either 
germanium or silicon. 

are attached to each end to allow cur- 
rent flow from external sources and 
devices. The barrier or junction 
between the two materials is very thin, 
and a small voltage (0.6 volts for sili- 
cone devices) overcomes its resistance 
and permits current flow. Germanium 
devices require less voltage (typically 

receiver R F  amplifier stages or 0.2 volts) to allow conduction. 
frequency-synthesized variable- It's necessary to apply forward bias 
frequency oscillators (VFOs), a little 
speck of plastic and metal will perform 
the same function as a mechanically 
variable capacitor - in far less space. 
They have other advantages as well. 

How do they do that? 
To understand how the process 

works, a physics lesson is in order. In 
earlier discussions of semiconductor 
devices like bipolar and field-effect 
transistors, I spoke of how they are 
made up of two types of material: 
P-type (with a scarcity of electrons) 
and N-type (with a surplus of elec- 
trons). These two kinds of materials 
can be put together to form a diode, 
as shown in fig. 1. Conductive leads 

to the diode to obtain conduction 
when you want to rectify some AC, 
isolate a DC source, or whatever. But 
things start to get interesting when 
you apply reverse bias to the diode. 

To go back to the basic physics of 
the device for a moment, it's the junc- 
tion (or barrier) region that's impor- 
tant. When the two types of semicon- 
ductor material are attached to each 
other, a small number of electrons 
from the N-side cross the barrier and 
fill some of the vacancies on the 
P-side. These vacancies are often 
called "holes," but they're not really 
holes - they're atoms that have one 
less electron compared with the other 
atoms around them. These are the 

"impurity" atoms that were mixed in 
with the basic silicon or germanium 
when the alloy was formed. 

Over on the N-side of the barrier, 
some impurity atoms have an extra 
electron compared with those sur- 
rounding it - hence the "surplus" of 
electrons. When enough surplus elec- 
trons from the N-side "cross over the 
fence" to fill the vacancies on the 
P-side, the semiconductor material 
close to the fence on both sides has 
neither surplus tenants nor vacancies. 
(This kind of material is called type "I," 
for intrinsic, which is another way of 
saying it reverted to its original num- 
ber of electrons before the impurities 
were mixed in.) 

Take a look at fig. 2 and see what 
you have now. There are two types of 

BARRIER 
REGION 

I I 

Some electrons migrate from the N-material 
over to the P side, creating a barrier region 
with neither surplus electrons nor vacancies 
for them. In this state, the barrier region is 
an effective insulator. 

semiconductor material, with an insu- 
lator layer in between. lt's beginning 
to look like a basic capacitor - two 
conductors separated by an insulator 
or dielectric. Now, let's see if acts like 
one. 
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Every month Monitoring Times br~ngs 
everything you need to make the most 
of your general coverage transceiver: 
the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, 
propagation charts, and tips on how to 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor- 
ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP- 
I O N  TODAY before another issue 
goes by. In the US., 1 year, $18; 
foreign and Canada, 1 year, $26. For 
a sample issue, send $2 (foreign, send 
5 IRCs). For MCIVISA orders ($15 
minimum), call 1-704-837-9200. 

MONITORING TIMES 
) i j r~r  /~! I / / I~~I~/ / I / I~~P .sortwt>. 

n l ~  rnor~lh. 
f l  128 

P.O. Box 98 A 
Brasstown, N.C. 28902 

KPA5 1 W A l T  ATV 
PERFECTLY IN WB 
THROUGH 100,000 
RUNNING EVEN AF 
MOJAVE DESERT! 

Shouldn't your ATV transmitter be as reliable? Weather 
you want to put one in a balloon, RIC model, Robot, use 
as portable ATV xmtr, or get one in our ready to go 
TX70-1 for the shack, with P.C. Electronics you see the 
best! Companion receiving downconverter board TVC- 
2G $49, or ready to go in a cabinet - N C - 4 G  $89. 

SUBSCRIBE AND RENEW 

TOLL-FREE 

a'. 

I 3 YRS - $49.95 I 
Prices U.S. only 1-1 

MASTERCARD - 
L7 VISA BILL ME 
Please have your charge card ready. 

DATATE L 080'" 

Weekdays 8 AM - 9 PM EST 
Saturdays 9 AM - 5 PM EST 

IN MAINE CALL COLLECT (207) 236-2896 

OUR 800 NUMBERIS FORSUBSCRlPTlON ORDERS ONLY! 

For Errors or Change of Address 
CALL ham radio direct at 
(603) 878-1 441 8-5 EST 

102 April 1989 H 155 



Whet3 a voltage is applied to the diode. more 
electrons are available to fill more vacan- 
cies, causing the barrier region to grow. 
This effectively changes the amount of in- 
sulai:ion (dielectric) between the two con- 
ductors. 

Add some voltage and ... 
When an external source of elec- 

troris is connected to the junction 
(from a battery or power supply, for 
instance) the resulting pressure (also 
known as voltage) lets more electrons 
cross the barrier and fill some vacan- 
cie:;, as shown in fig. 3. To put it 
another way, the crowd along the 
fence is getting bigger. This is the 
same as putting a bigger insulator (die- 
lectric) between the two plates of the 
capacitor. If this were an air-dielectric 
capacitor, you'd get the same effect by 
mc~ving the plates farther apart. So 
now you have a varible-dielectric capa- 
citor. Is this thing beginning to act like 
a c:apacitor? Sounds like it! 

Can we control it? 
Because this capacitor changes its 

dielectric in response to applied vol- 
tage, and since a change in dielectric 

L I 

9 variable voltage applied to the diode will 
cause the barrier region, and thus the 
capacitance, to change in response to the 
voltage. 

equates to a change in capacitance, it 
is a variable capacitor. From here it 
should be easy to control the 
capacitance, as shown in fig. 4. 

To demonstrate the principle, con- 
nect a potentiometer across a power 
supply (a 9-volt battery in this case). 
You'll need a means of detecting the 
capacitance change in order to get 
proof that it works. My ancient 
capacitance meter doesn't do well with 
values below 50 pF, so I came up with 
the scheme in fig. 5. L1 and CR1 com- 
prise a tuned circuit that you check 
with a grid-dip meter. (My meter uses 
a vacuum tube, so it's still a "grid" dip- 
per. A transistor or FET dipper will 
work equally well). L1 is ten turns of 
no. 22 enameled wire close wound on 
a 1 /Cinch form, and CR1 is the diode 
being tested. R1 is a variable resistor 

that controls the voltage applied to the 
diode, and R2 is a current-limiting 
device - in case something should 
short. C1 is a large-value bypass capa- 
citor, which completes the RF path in 
the tuned circuit and isolates the meter 
from the circuit. 

I placed the dip meter as far away 
as 1 could from the tuned circuit while 
still getting an indication on its meter. 
This prevents overloading the circuit 
with RF, which could cause CR1 to act 
like a regular diode instead of a 
variable-capacitance diode. Then I 
measured the voltage applied to the 
diode and checked the frequency. I 
changed the voltage and took another 
frequency reading. Figure 6 is a graph 
of my results. The first diode I tested 
was a prototype designed for use in 
AM broadcast band circuits, marked 

I ,  D I P  M E T E R  
1 

I I 

If you don't have a capacitance meter capable of reading values down to 10 pF or less, 
you can test the principle with this setup. Components are explained in the text. 

I F R E Q U E N C Y .  M H z  I 
A plot of voltage versus frequency shows the results. A plot for a diode (IN9631 not designed 
for use as a VVC [voltage-variable capacitor) is also shown. Its limited range is shown by 
the "knee" at - 6  volts. 
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H160. I also tried two other types 
designed for voltage-variable 
capacitance use, the MV832 and 
MV839. 

,According to theory, almost any 
diode will act like a variable- 
capacitance diode to some degree, so 
I grabbed a IN963 from my junkbox 
and wired it into the circuit to see what 
would happen. The results are also 
shown in fig. 6. 

It became quite evident during this 
test that it's important to use a diode 

'designed for the job. The IN963 has 
a lower Q than the other diodes. I 
knew this because the "dips" at 
resonance were very shallow and 
broad in frequency. The MV832 also 
showed the same behavior, but not as 
severely as the 1N963. The MV832 has 
a smaller capacitance change than the 
others, as shown by its position on the 
graph. It should work well in the VHF 
region. The other diodes produced 
dips at resonance that were quite 
sharp, as expected of high-Q devices. 

It appears that theory has triumphed 
again. You have a variable capacitor 
that can be controlled by a potentio- 
meter and voltage source. This opens 
up a lot of possibilities, and eliminates 
those fussy shaft couplers that were 
always so hard to align with the dial 
drive on the front panel of your VFO. 
All the normal precautions about 
shielding, temperature compensation, 
anti-vibration protection, and the like 
still apply, however. A VFO circuit 
must be mechanically stable, no mat- 
ter what type of capacitor you use. All 
diodes change characteristics with 
temperature; these will too, to some 
extent. It's not critical in many circuits, 
but this trait will be noticeable in a 
VFO. 

And that's what makes a voltage- 
variable capacitor (sometimes known 
as a varicap) work. When my note- 
book item about oscillators appears in 
a later issue, you'll understand what 
that funny-looking diode is doing in the 
middle of things. 
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2 x 4 Z BAS E 
REPEATER 
ANTENNA 

THE HIGHEST GAIN 
DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 
146.500 MHz 
446.500 MHz 

GAIN: 
VHF - 8.2dB 
UHF - 1 1 .SdB 
VSWR - 1 .-1.2 or less 

CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE 

~m 

Q 

AMATEUR SPECIAL 

I275 NORTH C ROVE ST. 
ANAHEI'LI. CAI.IF. 92806 
(714) 630-4Ml 

CAR1.k: \All01 G13. 
k9\ (714) 618-7024 

THE RF CONNECTION 
,SPEC,ALlST ,, CONNECTORS ,, , 

par( NO oacr~pnn WI 
XI (IW-3 OMC I AT 28 WII coaxial relay. 

hpkmo l  
Insetiton Imr 0 lo 0 150)(1. 
0 lOdB 
Power mltq  0 to 0 SO& 100 
wails CW 2 h p l l k  
lsolallon 0 1 GHz 4Sdb 0 2 OW $25 d 
4Odb 0 4 OH1 35db hdsd 

83 822 PI 759 Teflon Aniphenol 1 75 
PL 259157 UHF Male S~lver Trllon USA 1 50 
UG 21DIU N Male RG 8 213 214 Amvherml 3 25 
UG 2101U N Male RG 8 213 214 K~ngs 500 
99131PIN N Male Pin lor9913 9086 8214 

111s UG ZIDIU 6 UG 2181~ N s 150 
UG 21019913 N Male lor RG 8 w1lh9913 Pin 3 95 
UG 21Bl9913 N Male lor RG 8 w1lh9913  PI^ 5 75 
UG 1461VU N Male lo SO 239 Tenon USA 6 00 
UG 83NU N F~rnale lo SO 739 T~llon USA 6 00 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Ga~thersburg, MD 20877 

(301 ) 840-5477 
VISAIMASTERCARD A d d  4% 
P r ~ c e s  Do No1 Inc lude S h ~ p p t n g  

r /  126 

GIVE YOUR EARS A BREAK ON HF! 

Auto-Kall' 
HF Alert 

Encoder 1 D~coder use w ~ t h  SSB I CW I FM 1 AM 
Novlce to erlra Encoder sends 2 slrlngs 01 dlls 
at preclse speed 225 cornb~nat~ons Decoder mules 
speaker unlll s~gnaled Bu~l t  In speaker Alarm 
enable oulpul Moblle rnounllng brackel I 3  8 
vDC Easy 10 hook up Greal lor rnob~le 10 base 
use HF l raff~c nets etc Send or call lor complete 
Inlo 

MoTron 
Electronics Introductory price: 

t o  w ?I<! A I P  $129.95 
[uqene OH 97405 ( $ 4  I I r :11ng 

u t , n  r 

O c d ~ r s  1-800.338.9058 Inlo (503) 687.2118 
TLX 984794 

Y 12s 

INDUSTRIAL UAUTY 
REPLACEMENT ! AllERlES 

FOR COMMUNICATIONS 
Nickel-Cadm~um.Alkal~ne,Lith~um,etc. 

Repair Packs For 
ICOM' KENWOOD. YAESU. 
SANTEC AZDEN TEMPO. 

CORDLESS PHONES AND MORE1 

NEW! I.C.E. PACK $4gg5 

E.H. YOST & CO. 
EVERETT H YOST KB9XI 

7344 TETIVA RD 
SAUK CITY \YI 53583 

ASK FOR OUR CATALOG 

(608) 643-3 194 
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KIT, ONLY $675 
WIRED $975 
VHF OR UHF 

FEATURES: 
SENSITIVITY SECOND TO NONE1 6aAsFET front end on vhf 

models glves 1266 SINAD of 0.12uV (vhf), 0.15uV (220). UHFmodel 
0.25uV std. 0.luV w ~ t h  optlonal helical resonator preamp. 
-SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal filter & 
ceramlc f~lter for > lOOdB at only 12kHz. Hel~cal resonator front 
end to combat desense & ~ntermod. 
-CLEAN. STABLE TRANSMITTER, up to 18W output standard: 50W 
w~ th  accessory power arnpl~f~er. 
-FCC TYPE ACCEPTED for commercial high band and uhf. 
-Courtesy beep, f~eid.programmable CWID, flutter-proof squelch. 
automatic frequency control to compensate for off-frequency trans- 
mltters (all standard features). 
-Full range of options avallable, such as autopatch, phone line or 
rad~o remote control, sub-aud~ble tones. duplexers. 

-FM EXCITERS: 
K~ ts  $99. Wlt $179. 2W 
continuous duty. TCXO & 
xtal oven optlons available. 
-TA51 far 18M. 6M, 2M. 
158-174,229 MHz. 
mTA451 for uhf. 
FCC type accepted for commercial bands. 
-Call for latest information on 900 MHz transmitters. 
-VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10  
to 50 Watts. Several models. kits starting at $79. 

-R144/R220 FM RECEIVERS for 2M, 
150-1 74. or 220 MHz. GaAsFET 
front end. 0.12uV sensit~v~ty! 
Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > 100dB at * 12kHz 
(best avallable anywhere)! 
Flutter-proof squelch. AFC tracks 
drifting transmitters. 
Kit $149. wlt $229. 
-R451 UHF FM RCVR. Similar to above. Tuned llne front end, 
0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149. 
wit $229. 
-R981 FM RCVR FOR 9@@ MHz. Triple-conversion. GaAs FET front 
end. 0.2uV sens. Kit $169, wit $259. 
-R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 220. Without he1 
resor afc. K~ ts  only $129. 
-Westher ratelllte & AM Alrcraft rocelver8 also wall. 

FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE 
FOR HIGH-BAND AND UHF. CALL FOR DETAILS. - . . -  + -  - -  --- --- -- i! 

. . 

LNG -(*) 
GaAs FET 
PREAMP 

ONLY $59! 
Wlrednerted 

FEATURES: 
*VeryLow Noise: 0.7dB VHF. 0.8dB UHF 

*HlghOdn: 13-20dB, depending on frequency 

*Wide D y m k  Range: to reslst overload 

1 *Stable: new4ype dual-gate GaAs FET 

Spenfy runrng range desrred. 26.30, 46-56. 
137- 150. 150.1 72. 21 0.230. 400.4 70. or 

, 800.960 MHz 

$39 Wirednested 
GaAs RT Preamp 
slmllar to LNG, except des~gned for low coat 
6unallslzr. Only 518"W x 1-518"L x 314'H. ; 
Eas~ly mounts In many rad~os. 

Speoly tun~ng range desrred. 25-35. 35.55. , 
55.90. 90.120. 120- 150. 150.200. 200-270. 
or 400.500 MHz 

COR-3 REPEATER CONTROL- 
LER kit. Features adjustable tail 
8 time-out timers, sol~d-state 
relay, courtes beep, and local 

................... speaker ampliler. $49 

CWlD kit. Diode programmed, 
adjustable tone, speed, and timer. 

.................. to go with COR-3. $59 

NEW COR-4 ki. Complete COR 
and CWlD all on one board for 
easy construction. CMOS lqgic 
for low power consumpt~on. 
Many new features. EPROM pro- 
grammed; specify call letters..$99 

NEW TD-3 SUBAUDIBLE TONE 1 
... DECODER/ENCODER k~t. $24 , 

TD-2 DTMF DECODER/CON- 1 
TROLLER klt. Full 16 d~glts. wrth 
toll-call restrictor, programmable. 
Can turn 5 functions on/off. Great 
for select~ve call~ng, too! ......... $79 

AP-3 AUTOPATCH kit. Use with 
above for repeater autopatch. 
Reverse patch and phone line 
remote control are std. ........... $79 

AP-2 SIMPLEX AUTOPATCH 
Timing Board kit. Use w~th above 
for simplex operation. ............ $39 

MO-2D2 FSK DATA MODULA- 
TOR kit. Run up to 1200 baud 
d~g~tal signals through any fm 
transmitter with full handshakes. 
Rad~o l~nk computers, telemetry 

................................ gear, etc. $39 

DE-2D2 FSK DEMODULATOR 
kit. For receive end of l~nk. .... $39 

9600 BAUD DIGITAL RF LINKS. 
Lowcost packet networkln 
system, consisttng of new Mo-98 
Modem and special versions of 
our 220 or 450 mHz FM Trans- 
mltters and Rece~vers. Interface 
d~rectly wlth most TNC's. Fast, 
d~ode-sw~tched PA's output 15 or 
50W. Call lor into on the rfaht 

GaAs RT Preamp wlth features slm~lar to LNG system for your applicat~onl 
serles. except automrHcally twltchm out d 
IIm dudng transmit. Use w~th base or mob~le 
lranscelvers up to 25W 

- -  - - - -  
'Specnfy tunlng range desrred 120.175. ............... 
200.240. or 400 500 MHz .-rll. q emDu, P.~,. outpu, &A 18 11 t.4 1.8 

I I 0  51 28 10 -1' , 054  I I 4 I 4 .  

VHF 136 111 2 1  10 
144 146 11 30 

MODELS 1 4 1  147 18  30 
r .i_- notwlth&e $59 1" 1.1 ' *a0  

120 111 28 30 
Kt1 less Case $39 ,,, ,,, ,, ,, 

Low nose preamps w~th hel~cal resonators Wlredwlcare $89 121114 11 10 

rducr Intermod 6 crorr-band ~nterference ~n 
UHF MODELS )69 :;::: :: 

cr~t~cal appl~cat~ons KII with Case 431438 1.4 14s 

MODEL HRY*), $49 vhf, $84 ~ h f  K ~ t l n s C a s e  $49 d31438 5 0 6 4  
,3923 81  23  Wlred w'rase $99 eza ,,, 

Specity funfng taw dedred 142-150, 150  
901 911 430440 

162. 162- 174. 2 13-233, 4 10454, Or 454-475 See ca1ab6 for hrllllnd 0tZw lrnnmlttlnl 
cOnWRen tor vht & uht Uia only J 79 

lrmar Ampllhen rvall up lo 50 w 



ware 
others. I: 
'ware yo1 
.I packagc 

$79.95. 1 

Call o 
for cc 

Produc' 

PLUG INTO PACKET! 
Soft Simple and Easy. Included. 

He~e'stheeasiest packet radio yet, Unlike )RSI includes all 
you don't even have to buy a TNC the soft I need. The THS 
to join the digital revolution. Just termina : has split screen. 
let your PC do the work. Plug a file savelsend, binary file transfer, ,- 
PC Packet Adapter into any ex- print, scroll, review and more. 
pansion slot and get on the air in 
minutes, just like an expert. And 
youll still beable to use the PCfor I 2400 BAUD 
other work! The VHF Many areas are upgrading their 
system is only "39.95! packet nets to this higher speed. 

DRSI's M-24 modem for 2400 
baud connects simply with no 
modifications to your rig and lets 

When you've mastered the basics, You operate both 1200 and 2400 
use the PC*Packet Adapter for simultaneously with your present 
simultaneous dual-band HF/  radio. Step UP to this new speed 
VHF, multiconnect. BBS, TCP/ for Just today! 
IP. DXer's Packetcluster, 2400 
baud (and higher). Even use the ~r Write 

~ 3 ~ ~ 1  
:ange Ro 

Developer's Package to write your mplete Clearwater. FL 34625 
own packet application. t Catalog ORDERS: 1-800-999-0204 

MULTI-ROTATING ANTENNAS 
ONE TOWER 
with the POWERFUL TIC 
General Ringrotor & -E-/ 

Steel Ring Construction 
Steel Gear Assembly 
Analog Or Digital Position 
Feedback System e ! f l  $1 

Lower Rotor Position Results 
>?+ In Fewer Lightening Strikes 

Individual Rotation 
Phased Arrays 

RINGROTORS (*New For '89) 
. . . . . . . . . . . . . . . . . .  "12%" Face Tower .$529.W 

'18" Face Tower . . . . . . . . . . . . . . . . . . .  $559.00 
28" Face Tower . . . . . . . . . . . . . . . . . . .  $954.00 

(PRICES SUBJECT TO CHANGE WITHOUT NOTICE) 

antennexo 
"The Magazine For Antenna Experimenters" 

IF YOU - 
-Have a lousy mobile signal on all bands? 
*Need an inexpensive beam for 10 meters? 
*Unsure about using vert vs horiz antenna? 
*Need a low noise antenna for 160 meters? 
-Want to design an antenna just for you? 
*Need a program for design and plotting? 
*Need to solve a unique problem? 
*Know the best antenna for hamsats,etc.? 
-Need a disguised mobile antenna? 
-Want a cheap automatic coupler system? 
*Just want to learn more about antennas? 

THEN SUBSCRIBE TO - antenneXo 
12 MONTHLY ISSUES is only $1 1.97 for 
USA and possessions. $17.00 foreign. 

antenneX0 , ,, 
PO. Box 8995 Dept 19 

Corpus Christi, TX 78412 

P.O. Box 1, 302 E. 3rd 
THIEF RIVER FALLS, MN 56701 

CALL: 1-800-423-6417 or (218) 681-1291 
SEE U S  A T  DAYTON 

/ 201 Tell 'em you saw it in HAM RADIO! 



P L A N  YOUR SPRING ANTENNA WORK NOW! 
THE ARRL ANTENNA BOOK Written by 
members of the ARRL Technical Depart- 
ment staff and sixteen well-known outside 
authors, all of whom have done much to 
contribute to the state-of-the-art in antenna 
and transmission line theory and practice. 
The recently published 15th Edition presents 
the best and most highly regarded informa- 
tion on antenna fundamentals, propagation, 
transmission lines, Yagis and quads, as well 
as all of the popular wire antenna designs. 
You'll find antennas for limited space, 
portable, mobile, VHF, UHF, microwave and 
space communications. Contains over 700 
pages and 987 figures. Chapter lineup: 
Safety First, Antenna Fundamentals, The 
Effects of Earth, Selecting Your Antenna 
System, Loop Antennas, Multielement 
Arrays, Broadband Antennas, Log Periodic 
Arrays, Yagi Arrays, Quad Arrays, Long 
Wire and Traveling Wave Antennas, 
Direction Finding Antennas, Portable 
Antennas, Mobile and Maritime Antennas, 
Repeater Antennas Systems, VHF and UHF 
Antenna Systems, Antennas for Space 
Communications, Spacecraft Antennas, 
Antenna Materials and Accessories, 
Antenna Supports, Radio Wave Propa- 
gation, Transmission Lines, Coupling the 
Transmitter to the Line, Antenna and 
Transmission Line Measurements, Smith 
Chart Calculations, Topical Bibliography on 
Antennas, Glossary and Abbreviations. 
Edited by Gerald L. Hall, KlTD, QST 
Associate Technical Edior. Copyright 1988, 
#2065 $18'. 
'For postage and handli add $2.50 (v.50 for 

insured parcel post or $s, please speclfy) 

YAGl ANTENNA DESIGN is based on the 
series in Ham Radio Magazine by the late 
Dr. James L. Lawson, W2PV. Jim designed 
and built a highly competitive and suc- 
cessful Amateur Radio contest station. 210 
pages cover the following subjects: 
Performance Calculations, Simple Yagis, 
Performance Optimization, Loop Antennas, 
Ground Effects, Stacking, Practical 
Designs, Designs for 7 through 28 MHz. 
Hardcover, Copyright 1986. #0410 $15'. 

NOVICE ANTENNA NOTEBOOK At last, an 
antenna book written for the beginner! Don't 
let the lack of an antenna keep you from 
getting on the air. With this book you can 
choose which wire, .vertical or beam 
antenna suits your needs, and you'll be 
ready for all of the fun of seeing that 
the antenna you put up really works! 
Contains pictorial drawings that show 
dimensions for Novice and Technician 
band use. Written by WlFB in his usual 
plain language style that makes him so 
popular as a QST author. Copyright 1988, 
#2073 $8' 

ANTENNA COMPENDIUM We don't have 
room for all of the good antenna articles that 
are submitted to QST; so we have packed 
this volume with new material on verticals, 
quads, loops, Yagis, reduced-size antennas, 
baluns, Smith Charts, antenna polarization 
and other interesting subjects. 176 pages, 
Copyright 1985. #0194 $10' 

LOW BAND DXlNG John Devoldere, 
ON4UN completely explores the 160, 80, 

and #meter bands. A large portion of this 
book is devoted to propagation characteris- 
tics and design and building of efficient 
antennas for these bands. 210 pages, 
Copyright 1987. #047X $1 0' 

HF ANTENNAS FOR ALL LOCATIONS 
was written by L.A. Moxon, G6XN for the 
RSGB. Contains 264 pages of practical 
antenna information. This book is 
concerned primarily with small wire arrays, 
but you'll find descriptions of some 
aluminum antennas as well. Copyright 
1982, #I3576 $15'. 

TRANSMISSION LINE TRANSFORMERS 
At last there is a source of practical design 
data covering the use of these devices for 
both commercial and amateur applications. 
Written by Dr. Jerry Sevick, W2FM1, this 
book covers types of windings, core 
materials, fractional-ratio windings, 
efficiencies, multiwinding and series 
transformers, baluns, limitations at high 
impedance levels and test equipment. 
Hardcover, 128 pages, Copyright 1987. 
#0471 $10'. 

W1 FB'S ANTENNA NOTEBOOK Not 
everyone has a great deal of real estate to 
put up a forest of aluminum. Doug DeMaw 
tells how to get the best performance out 
of unobtrusive wire antennas and verticals 
and how to build tuners and SWR bridges. 
122 pages, Copyright 1987, #0488 $8' For 
shipping and handling add $2.50 ($3.50 for 
insured parcel post or UPS)-please 
specify. 

ARRL, 225 MAIN ST., NEWINGTON, CT 06111 



€lloo&boomprb~ld~mm 
€mWm.dbect-ikad. 

A 
-P--mlldhbokgclod 
h o u d n g . Q u i o k - m a t G h ~  
W a m p l e t o ~ d p l W  
elemem ghrecr tb FPIOMT RUNNER 
relleMAty, d u d &  Jlg<lMULy 
d-itywitha-w 
vmvranty. 
Contact ur for lpur Mwrsrd 
~ C o o t b l D I ( M m l o s  
mpmemM or UktrlbuODl in 
our wwkkide salea ~lmwafk. 

CALL FOR ORDERS 
1 (800) 231-3057 
1 (713) 520-7300 OR 1 (713) 520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1 (713) 771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 

New lcom IC 781 I . , r t ~ t v i  
Kenwood TH215A TH25AT Trarlc 11 v o r  ,III HT 
TS440 SlAT Call 

~ , , q ~ ~ ~ \ , , { i  I: ;.1v Call lor lrade 
N i ~ w  ~ ~ , . ~ W ~ K I C I  IM K)IA ~ ~ O ~ J ~ I V  Call 
ICOM ?;'HI+ 1 I M  449 00 

.LU 
,'. I I'thc; w - with 

THE 
, HAZER 

Bring things down for 
safety and convenience. 

Never climb your:ower apatn wlth lhls elevetor system. An. 
Iannas and mlatormounl on HAZER, complete syslem lrams 
tower In venrcal upriphl posillon Salely lock aystam o p  
erates whlle ralsinp or IowerlnQ Never can la11 

Complele kl l  Includes wlnch, IOO I!. of cable, hardware and 
lnstructlons For Rohn 20 and 25 G Towen 

Huer2.Hew duly alum 12 sq. It. load S311.8Sppd. 
Haref 3.Slandard alum 8 sq. 11 load 1223.85 ppd. 
Hazer4.Heav palv a lw l  I 6  sq It I d  1281.85 ppd. 

NEW tor ROHN 45 md 55 Towers 
HMI B H e ~ y d u l y  palr slsel I 6sq  It load CALL 
Ball Thrusl Bearing 78.25 lor any 01 above $04.60 ppd. 
Bnd lor h n  &lmllm 01 mlumlnum - wmclfle.llr 
e n g l m n d  tnr u u  wllh Ih. U.nr. Two mlms. Y l J ( 0 -  wlde) 
andY 18(l8-w16.) AIlbol'adconmI~cllon,M)u.ldm Eerylo 
In.1.11 hlng. bmee. welh up mmllon Complel. lower UPS or 
el1 l r l ph t  shlppebl*. Pm.amumb1.d 01 111 tom. 

Sa11.lacllon pu.rmnleed. Cell 1od.y and c h m  lo  Vlu. 
M*lIerC.rd or m.11 check or money d r .  

I MODEL 
I44.2P 
144.4P 

llll..l *,ny t i .  11.wI r i  1111.1~.  .' .lntl 4 
dr~!enr>,~  .u,ay, 111 mn.m<n,:r cy\lsxm 
qalrr and al trw cam? lrme r,*ducP 
In%sesloa m#rl#murn Covrrlnq 144 
lhru 1296 MHz lhls SFrtPSoI V H F  1 

ultF nowerdrvlacrr8reprem8cr RF 
d e v ~ c ~ s d ~ ~ ~ g n ~ d l o l  along rervlce 
Iblp wtlh low SWR and broad OD. 
rn l lng bandwldlh 

Lxlruded alumlnum body wlth a 
dvrableenarnel l ~ n ~ r h ~ n s d d l l # ~ n l o  
slllcon renlmg nl conneclor Ilanges 
fesu115 on a rugpealzed unll tor all 
allay ~nsrallal~ons Ara~lable wllh 
N type conne~lors only, lhese 
un,ts are uncnnd~t#onally guaran- 
lepd 10, 2 years 

CONFIO 
12 nor151 
14 P009) 
12 ~ o n s ~  
14 pons) 
12 pbrlSl 
14 DOrtil 
12 portrl 
14 pons) 
12 PO051 
14 DO051 

<t< PPING NOT lNclUDED 

PRICE 
$54 00 
$61 00 
553 00 
SW) 00 
$51 00 
$59 00 
$51 00 
$59 00 
$52 00 
$60 00 

STRIDSBERG ENGINEERING. CO. 
P O  Box 7973 Shreve~orl.  LA 71 107 l USA 

Phone 13181 865-0523 

TS 790A Sur,< r ,r ' Mvlt r '(I r. H <I 
1 2GHz  Opl8ori A v d > l ~ t > l ~ ~  Call 
lcom 765 Call 
ICOM Fxlernal relay b o x  
Spec~ly R a d ! ~  and Amp Call 
HElL RMlO Boom Mtke wlred8 p ~ n  69 0 0  
HElL HM5 Desk Mtke 62 00 
NYE MESA Tuner 569 00 
Alpha Orlla Transllrap HV 33 0 0  
CSI Pr~va l r  Palch V 469 0 0  
Ameco PT 3 P r r  Amp 99 00 
Larsen 2 meler o n  qlass 49 95  
Anlpco2M 518 Maq Mount Comp 25 00 
Van Gordon G5RV 44 0 0  
B ~ r d  43 elemenlslzlock Call 
Thousands 01 panel melers 3 95 u p  CALL 
Belden 9913 8767 8214 Slock Call 
New Ten Tec O m n ~  V OX r ~ q  exlraord~natre 1895 00 
MICA Capac~lors Call 
Ar~sla SWR Rr1dqe3 30 MHz 19 95  
831SP PL259 Srlvwplate (Amphenol) 1 50 
82 61 N Male (Amphenol) 3 50 
82 202 1006 N Male (9913) 3 %  
Double Fernale UHF 1 0 0  
UG176 RG8X each 40 
Surplus Elbow PL259 SO239 each $1 
Rece~v~nq  l u t ~ s  50 90Qn olf llsl prlce Call 
Sanlec Boom MikeIHearlsel (Ills ICOM) 30 00 
Rohn SA 25G 67 (67 an~kde arm) each 125 00 
STUPH 
Ttlroal Mtkr (new m ~ l  surplu5) 5 00 
ANRH 1 600 11 Headphones (new m11 surplus) 5 00 
New Demo Unils lor S.11e 
K e n w w d  R 5000 849 00 
ICOM R 71A 849 00 

USED EQUIPMENT 
All rquip111enl uwd clean w ~ t h  90 day warranly and 30 
day Ir~al Six months lull lrade agalnsl new equtpment Sale 
prlce refunded ~f no1 sa11511ed 

(800) 231 3057 

POLICIES 
M~nunurn order $10 00 Mastercard VISA o rC  0 0 All prlces 
FOR Houslon exap t  asnoled Pr~cessubjsltochange wrlhoul 
r m c e  llemssuhpclloprior w le  Callany(~meloch~klhestalus 
of your order Texas resdenls add sales tax All llems full lac 
lory warranty plus Mad~son warranly 
B l r d  a n d  Belden products In stock. Call  today. 



New for remote 
antenna switching 

ComTek announces the new RCB-5 Remote 
Control Box - a f~ve.pos~tion coaxial switch for 
remote-antenna switching from one feedline. 

The RCB-5's inside console control box 
selects from one to flve antennas at once; the 
weatherproof outside switchbox contains five 
high-powered DPDT relays with gold-plated con- 
tacts. The RCB-5 can be used as a standard five- 
position remote control coaxial switchbox or to 
control stacked arrays. Optional wideband Toroi- 
dal lmpedence Transformers (TIT2 or TIT-3) for 
50 to 100 ohms or 50 to 150 ohms are available 
for stacking two or three Yagis, respectively. All 
relays have 5 kW-rated gold-plated contacts. 
VSWR is below 1.05:1 up to 144 MHz. The out- 
s~de switchbox uses 18-gauge steel with a zin- 
cate coating, a gold-chromate rustproof finish. 
and is dip-painted black. The inslde console 
control box has a scratchproof LexanTM front 
panel template. LEDs have diffusion covers. The 
switching knob has positive actlon with 15- 
degree detent positions. 

The RCB-5 comes with 250 QSL cards, and 
is priced at $139.95 plus $12 shipplng and han- 
dling. (Add 10 percent outside the U.S.) TIT2 or 
TIT3 comes In a weatherproof box wtth SO-239 
IN and OUT for $19.95. 

For further information contact ComTek, PO 
Box 202. Hopkinton, Massachusetts 01748. 

Circle 1305 on Reader Service Card. 

Compact Amplified Speaker 
Naval Electronlcs. Inc. has Introduced the 

HTS-1 Amplified Speaker w~th features for use 
with handheld radios. The HE-1  is compact. 
with a 3.5-lnch speaker and 10-dB internal 
amolifier. 
~ 9 

The HTS-1 is powered from internal batteries. 
or any external voltage from 6 to 15 Vdc through 
a DC jack. It hasa built-in NiCd battery charger 
and an automatic shut-off that kills power to the 
amplifier when there's no audio input (receiver 
squelched). When switched off manually, the 
amplifier 1s bypassed and the input jack has a 
dlrect connection to the speaker. 

The H E - 1  has a ttlted base for desk mount- 
ing. A special mobile harness is available for 

mounting the unit on the inside of a car door. The OWlNT termlnal may be interfaced wlth 
A 5-foot cable with mini-plugs and a stereo-to- most volce radlo transceivers. A jack and cable 
mono converter 1s ~ncluded. A free stereo cable are provided. The radlo modem connects to the 
is available if you order two units for use with a microphone and speaker jacks of the volce 
oersonal stereo svstem. The cost n $29.95. radio. It also provtdes a digltal output for con- 

trolling PTT clrcu~try, for sw~tching Into transm~t 
mode under control of the packet radlo protocol. 

For more lnformat~on contact OWlNT DATA. 
lnc . 3455 Commerc~al Avenue. Northbrook. 

For further information contact Naval Elec- 
tronlcs. Inc.. 5417 Jetv~ew Circle. Tampa. Flor~da 
33634. 

Circle 1306 on Reader Service Card. 

Printers communicate by 
packet radio 

QWINT DATA. Inc. has announced a new 
packet radio modem option. It's packaged as 
an Internal module with the QWINT termlnal. The 
RDM1200 lets you send and receive written mes- 
sages over radio Ilnks. 

Illinois 60062. 
Circle a 0 7  on Reader Service Card. 

ACB-4 phased 
array switchbox 

CornTek introduces the ACB-4 phased array 
swltchbox wlth controller It allows galn and dlrec- 
tlv~ty from a vertlcal array by dlv~dlng power and 
phase among 2 or 4-element arrays You sup- 
~ l v  the antennas and cables 

The ACB-4 has two boxes The outs~de switch- 
box, Installed near the antenna array, contalns 
the 90-degree quadrature hybrld. 180-degree 
phase reversal transformer (both In toroldal 
form), and relay swltchlng matr~x Four feedllnes 
are attached to the antenna elements for a ' 4- 
Square" array two are used for a 2-element 
array Three-conductor control cable and feed 
llne run back to the shack Galn for the 4-square 
1s about 5 8  dB w~th FIB typically 15 to 25 dB 
depending on angle of arrlval Metal cablnets 
are 18-gauge steel, wtth anti-rust zlncate and 
gold cromate flnlsh. d ~ p  palnted black Relays 
use 5-k gold-plated contacts The lnslde console 
control box has a scratcbproof LexanTM front 
panel template The beam dtrect~on knob has 
posltlve cllck poslt~ons and no end stop, for con- 
tlnuous turnlng In any dlrectlon The ACB-4 
comes w~th complete lnstructlons for lnstalllng 
ground-mounted vert~cals, ground-plane type 
vertlcals, or half-wave vertlcals wlth the unlt The 
prlce IS $295 plus $12 shlpplng and handllng 
(Add 10 percent outs~de the US 
Tek, PO Box 202, Hopklnton, 
01 748 

Circle 1309 on Reader Service 

- 
GP21X Ginpole Kit 

Characters are sent and received in the form 
of audio frequency tones. To provide error-free 
messages over radio. the modem includes a 
h~gh-speed 7.37-MHz microprocessor, with these 
features: 

Synchronous HDLC protocol 
Automatic error detection and correctton 
Multi-user networks 
Repeater capability 
Compatibil~ty wlth HF, VHF, and UHF 

.). Contact Com- 
Massachusetts 

, Card. 

IIX Equ~pment. Lid. offers the new GP21X Gin- 
pole Klt for stamped open leg-type towers. 
Clamps adjust to fit the tapering tower sections 
and can be spaced any dlstance apart. A stan. 
dard IIX pulley 1s furnished; the pipe IS customer 
supplied. The price of the kit is $199.50. Immedi- 
ate shipping IS ava~lable. 

For more Information contact IIX Equipment. 
Ltd.. PO Box 9, Oak Lawn. Illinots. 

Circle 1308 on Reader Service Card. 

April 1989 a 109 



OX FORECASTER 
Gorth Stonahockar. KORY W 

Spring thunderstorm 
noise 
Received noise sometimes spoils the 
best DX openings. There are many 
types of noise. The Russian wood- 
pecker or the ham rig down the street 
are two examples of radio emitters, 
which can cause interference. 
Atmospheric, or thunderstorm, nqise 
is more common. Like the DX signal, 
these noises are often propagated by 
the ionosphere. Other noise may come 
from a local factory or a badly main- 
tained power line. Of all of these, 
strong local atmospheric noise is 
perhaps the most disagreeable at this 
time of year. Here's how it happens. 

Spring storms occur in the Northern 
Hemisphere in March and April. Fronts 
of warm and cold air generate the first 
major thunderstorms of the year, with 
fast-moving cold fronts producing par- 
ticularly potent thunderstorms. As a 
storm front approaches your area, 
you'll begin to hear a significant 
increase in the noise level. You'll start 
to notice this increase at a one-hop dis- 
tance (about 600 to 1200 miles) when 
the storm front is west of your loca- 
tion. You can reduce the received 
noise a few dB by using a directional 
antenna like a rotating Yagi or a 
phased vertical array. Determine the 
noise direction and work DX in the 
opposite orientation, or do your best 

to null it out using a directional tradeoff 
between signal and noise strengths. 
Antennas with a low take-off angle 
(TOA) at the operating frequency are 
best because this noise normally 
arrives at angles greater than 30 
degrees. 

AS the front gets closer, the noise 
level usually decreases until it's within 
a groundwave's distance (about 50 
miles). Now you'll hear loud individual 
discharges. A horizontally polarized 
antenna is the best radiator to use to 
lower the noise as much as possible. 
As the storm approaches, its sounds 
become part of the "local noise." As 
it moves away its noise decreases, 
then increases again as the front 
reaches the one-hop distance point a 
day or so later. The directional low 
TOA antenna is helpful once again. 

Cold fronts usually travel about 40 
miles per hour, so it could take 15 to 
30 hours to reach one-hop distance - 
averaging almost a day's frontal travel 
time before coming to (westerly) and 
after leaving (easterly) your station. If 
you watch the N weather news daily, 
you can track the storm and note how 
its noise affects your operations. As 
the storm comes into the one-day- 
before position, there's a correspond- 
ing increase in noise. When it passes 
over your ham shack the next day, it 
will cause intense static crashes. As 
you watch the storm approach the 
day-after position, you'll notice some 
lingering noise before all's quiet again. 
It should remain quiet until the next 
storm comes your way. When looking 
for rare DX, you can save time by 
tracking storms. This will help you pin- 
point when and where the most 
favorable listening conditions are likely 
to occur. 

Last-minute forecast 
The first and last weeks of the 

month should be times of high solar 
flux, resulting in higher MUF than the 
rest of the month. There's also a prob- 
ability of solar flares, if the rise or fall 
of flux is over ten units per day - an 
April trait. The high MUFs will enhance 
DX conditions to the southern coun- 
tries. The openings may be transe- 
quatorial DX openings toward late 
evenings (2200 local time), and during 
geomagnetic-ionospheric disturbances 
expected near the 5th through the 8th, 
the 16th, and the 26th. The lower night 
or daytime short-skip bands should be 
best the second and third weeks dur- 
ing times of lower solar flux, with its 
lower signal absorption. MUFs will 
come down nearer these bands and 
produce strong signals. During the dis- 
turbed days (and particularly nights), 
signals may be weak and variable 
(QSB) but from interesting DX coun- 
tries. This is also an April trait. 

The perigee of the moon's orbit (for 
moonbounce DX) is on the 5th, with 
the moon showing full phase on the 
21st. There will be a short meteor 
shower (the Lyrid) on April 20th to the 
22nd, with a rate of five per hour - 
hardly much help for meteor scatter 
DX. But a bigger shower (the Aquarid) 
starts before the end of April, peaks on 
May 5th, and ends in mid-May. Its rate 
should be 10 to 30 per hour. 

Band-by-band summary 
Ten, 12, 15, and 17 meters, the day- 

only DX bands, will be open midday 
to early evening almost every day to 
southern areas of the world. The open- 
ings on the higher of these bands will 
be shorter (if they occur at all), closer 
to local noon, and will provide a pos- 
sibility of transequatorial openings. 
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(eg. C64-$49.95 plus UPS). Heavy duty power supplies for the 
C64-$27.95 plus UPS. Kasara Microsystems (Division of QEP). 
Route 9WIKay Fries Drive. Stony Point. NY 10980, 
1-800-248-2983 (outside NY) or 914-942-2252. 

MAGAZINES WANTED: "Microwave Systems News" (MSN). 
RF Des~gn". PCIM (Power Conversion 8 Intelligent Motion)" 

and "OEX" (1980-present). Call collect 5197424594 (Ontaro) 
after 6 PM Eastern tlme. THE NATIONAL HAM SHOPPER. A b~.monthly buy sell. 

trade publtcat on (startlng In Aprll) Ads are qulckly answered 
and p,ol~sneo for fast resdlls StOlper ear 022Iper 2.year 
s..Dscrlpllon rate Send PO  ox 10738. Elmwood. CT 06110 

IMRA lnternatlonal Mlsslon Rad~o Assoclatlon helps mlsslon- 
arles Equ~pment loaned Weekday net. 14 280 MHz. 1-3 PM 
Eastern Nlne hundred Amateurs In 40 countries Rev Tho- 
mas Sable. S J Unlvers~ty of Scranton. Scranton. PA 18510 

- 

- 
R-290A Recelver Parts. Info SASE CPRC 26 mllltary Man- 
pack Rad~o, 6 meter FM, wlth antenna, crystal, handset 
$22 50. $42 501pa1r CPRC-26 Rad~o-only $9 50 Add 
$4 5Olplece shlpplng, $9 maximum Baytronlcs. Box 591. San- 
dusky, OH 44670 

- - 

BACK ISSUES OF HAM RADIO. Have most issues from 1969 
to 1974. Mint condition. $3.00 for single Issues WNOG. 
31 9-377-3563. 

HAM TRADER YELLOW SHEETS. In our 27th year. Buy. 
swap, sell ham radio gear. Published twice a month. Ads 
qu~ckly c~rculate-no long wait lor results. Send No 10 SASE 
for sample copy. $13 for one year (24 issues). PO Box 2057, 
Glen Ellyn, IL 6013&2057 or PO Box 15142. Dept HR. Sat- 
tle, WA 981 15. 

VHF MOBILE REPEATER, control ham stallon with HT. 
wlmanual $75. Prec~slon E-200-C RF signal generator 
90kc-240mc $50. Heath ET-3100 semiconductor course with 
lab tralner $80. Other ham test equipment. KGKZT, 2255 Alex- 
ander. Los Osos. CA 93402. (805) 528-3181 

COMMUNICATIONS BATTERIES: Clone Packs! Ready-for- 
use. ICOM: BP5 $44.95, BP-3s 2X cap. BP3 "Wall Chargea- 
ble" $43.95, BP-7S 2X BP7 (5W on1 ) or BP8S (BP8 + 50% 
(Ease Chg-only) $67.95, YAESU { N B ~  $22.95. FNBlOS 
(10 + 60%) $49.95, SANTEC 142 $23.95. ' Repa~r Inserts 
ICOM: BP2 $18.95. BP3 $16.95. P5 $24.95. BP7lBP8 $29.95. 

FLEA 
MARKET 

VHF-UHF-SHF. Large SASE. West Coast VHFer, POB 685. 
Holbrook. AZ 86025. 

CHASSIS &CABINET KITS. SASE. K31WK. 5120 Harmony 
Grove Rd, Dgver, PA 17315 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems James 
Long. Ph.D., N6YB (408) 733-8329. - 

KENWOOD PB21 $13 95. PB24 $21 95 PB25126 $25 95 
YAESU FNB414A $33 95 TEMPO S1 2.4.5.151450 $23 95 
?DEN 300 $21 95 ' E P Porta-Pac 8 Chgr 12y15Anr $44 95 

Rebu.ldlng ' Send paca-free estlmate Antennas 
D~casl8NC $8 95 2mtr 518 TelIBNC $18 95 SASE Catalog 
PA + 6010 $3 Sn~p In lorder VISA MIC + $2 (81 4) 623 7000 
CUNARD Ass08IAfEs oept H RD 6.  ox 104 Bedford 
PA 15522 

RTTY JOURNAL-Now in our 36th year. Read about RTTY, 
AMTOR PACKET MSO'S RTTY CONTESTING RTTY DX 
and mubh more. kear's dubscription to RTTY ~OURNAL 
$10.00, foreign slightly higher. Order from: RTTY JOURNAL, 
9085 La Casila Ave . Fountaln Vallev. CA 92708 RATES N o n c o m m e r c i a l  ads 10Q per word; 

commercial ads 60G per word both payable 
in advance. No cash d i s c o u n t s  or agency corn- 
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. R e p e a t  insertions o f  h a r n f e s t  ads 
pay t h e  non-commercial r a t e .  

COPY No special layout or arrangements 
available. Material should be t y p e w r i t t e n  or 
clearly printed (not all capitals) and must in- 
clude full name and a d d r e s s .  We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each a d v e r t i s e r  and thus cannot be 
held responsible f o r  claims made. Liability for 
correctness o f  material l i m i t e d  t o  corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea M a r k e t ,  Ham 
Radio, Greenville, N. H. 03048. 

BEGINNER'S RADIO CLEARINGHOUSE. On a space avail- 
able basls, we are golng lo  offer you. OUR SUBSCRIBER. 
free of charge a chance to find a home lor your used equip- 
ment w~th  a ndw Ham. Please send us a short descrlption of 
what you want to sell along w~th  prlce, name, address and 
phone number. We'll run 11 once In a special section of the 
classifled ads under the head~ng of BEGINNER'S RADIO 
CLEARINGHOUSE Please l lm~t your ad to 20 words or less. 

RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO 
to G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117 
SASE brings ~nformation. 

DIGITAL AUTOMATIC DISPLAYS. Any Radio. Be speciflc 
GRAND SYSTEMS, POB 2171. Blame WA 98230 

FOR SALE: Amateur Radlo collect~on. Receivers, transmit- 
ters, tubes, magazines, books. Misc. SASE for list. K4UJZ. 
608 West Thompson Lane. Murfreesboro. TN 37129. (615) 
893-5344. 

ELECTRON TUBES: Receiving, transmitting, microwave. . all 
t pes avallable. Large stock. Next day delivery, most cases. JAILY ELECTRONICS. PO Box 5029, Compton, CA 90224. 
(21 3) 774.1255 

SELL ITT Mackay d~gitally synlhes~zed commun~cations re- 
celver model 3031A. Coverage 0.015-30 MHz, frequency 
selection within 5 Hz. Operated for less than 200 hours. Price 
$2800 or highest bid plus shipment. Weighs 19 Ibs. Contact 
John Ekwall, Box 6014, S-60006. Norrkoplng, Sweden. 

ENGINEER WANTED. With Ham experience to develop Ham 
products. Excitln proposition for the right person Box 498. 
Greenville, NH 08048. 

~, - 
"HAMLOG" COMPUTER PROGRAM. Full features. 17 mod- 
ules. Auto-lo s 7 band WASIDXCC. Apple $19 95. IBM, 
CPIM. KAYPWci, ;andy, C128 $24.95. HR-KAIAWH, POB 
2015, Peabody, MA 01960. 

WANTED: ARC4 and SCR-274 equipment, parts and acces- 
sories, any condition. Ken, WBgOZR, 362 Echo Valley, Kinne- 
Ion. NJ 07405. (201) 492-9319. 

WANTED: Ham equipment and other property. The Radio 
Club of Junior H~gh School 22 NYC, Inc IS a nonprofit organi- 
zation, ranted 501(C) (3) status by the IRS, incorporated with 
the goa?of using the theme of Ham Radio to further and en- 
hance the education of young people. Your property dona- 
tion or financial support would be greatly appreciated and 
acknowledged with a receipt for your tax deductible contri- 
bution. In Dayton meet the crew from 22 and relax at our flea 
market tables, cAeck in on 144.30 simplex. Please write us 
at: PO Box 1052, New York, NY 10002. Or call our round the 
clock hotline: (516) 674-4072. Thank you! 

MANY THANKS and Happy New Year to those who have 
helped me in acquiring old bu s Still looking WB4EDB. 
Smiley White. PO Box 5150. ~ re je r i cksbur~ .  VA 22403. (703) 
373-0996 Collect 

RECEIVER LAFAYETTE HE 10 general coverage extra clean 
$85 Swan FM-2X 2 meter mob.le $90 Regency HR-2A 2 me- 
ter $85 K6KZT. 2255 Alexander. Los Osos. CA 93402 (805) 
528.3181 

ANYONE INTERESTED in startlng a firefighters net on HF 
send ideas or contact KA4TLC, Rlcky Martin. Rt 1, Box 199J, 
Hope Mills, NC 28348. 

WANTED: We need Teklronlx plug In, type 1 L10. I L20, 1 L30. 
spectrum analys~s fw  oscilloscope Tektronix type 547 and pho  
tocopy technical manual plug In 1S2 Tek. Angel Alvarez, 
EAINN, San Anton 18-8-A 26002 Logrono, Spain 

HALLICRAFTERS S-40 receiver (1946), fair condition, with 
service manual. $40 plus shlp ing Include SASE. Nate Wil- 
liams. W9GXR. 6915 Pralrle griv,, Middleton. WI 53562. 

HAM PROGRAMS and other "shareware" for 1BMIcompat1- 
bles. Large SASE for catalog. JKBS, POE 50521. Indianapo- 
11s. IN 46250-05221. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, 
shape, colors. Five patch minimum. Free sample, prices and 
orderlng information. HElN SPECIALTIES. Inc . Dept 301. 
4202 N. Drake. Chicago, IL 60618. 

UHF PARTS. GaAs Fets, mmics, chip caps, feedthrus, teflon 
pcb high 0 trimmers. Moonbounce quallty preamps. Elec- 
tron'ic sequencer boards. Send SASE for complete ~ ls t  or call 
(31 3) 752-4581 evenings. MICROWAVE COMPONENTS. PO 
Box 1697. Taylor. MI 48180 

COMMODORE-128 PROGRAM avallable to track the Ama- 
teur Satellites Uses Keoerlian dala suool~ed bv NASA free NYE VIKING MB-11-01 Antenna Tuner wISWRlWattmeter, 

$135. B&W 6-pos CS-6G coax swltch. $20 Duane Helse. 
AAGEE. 16832 Whlrlwlnd. Ramona. CA92065 (619) 789-3674 

WANTED: Drake Llnear Amp Model MN4439- l000W (2000 
PEP). 1 8-30 MHz Call Bruno Mollno. VEZFLB, 26 Rue Des 
Anclens. Gat~neau Quebec JET 3T2 (819) 561 3689 

- - - - - - - - - - - -- - - 
Tracas up to 8 satellltes s ~ m , l t a n e o ~ s l ~ ~ ~ r o ~ r ~ m  also sup 
ports pr ntlng scneaules and predlct~ons lor satellltes Use 11 
to track MIR and la16 to the Cosmonacts SATRAK128 92% 50 
Includes sh~pplng Other ~nformat~on on thls or other programs 
for the Ct28 requtres a busmess sue SASE Reld Brtstor 
WA4UPD PO Box 0773 Melbourne Flor~da 32936-0773 

-- . . 
NATIONAL Radio Manual and NCL-2000 factory parts Ilsts. 
SASE. Max Fuchs, 11 Plymouth Lane. Swampscott. MA 
01 907 

RECONDITIONED TEST EQUIPMENT $1.25 lor catalog. 
Walter. 2697 Nlckel. San Pablo. CA 94806. 

SCHOLARSHIP. The Dayton Amateur Radio Association is 
now accepting appllcatlons for ~b 1989 Scholarsh~p Program. 
The program IS open to any licensed Amateur graduating from 
hlgh school In 1989. For information and application forms 
write Scholarsh~p Committee. 317 Ernst Avenue. Dayton. OH 
45405 

ELECTRONIC KITS 6 ASSEMBLIES.For our latest calalog 
send SASE (45 cents) to: A 8 A ENGINEERING. 2521 W 
LaPalma. #K. Anahelm. CA 92801 

WANT: 32S3 xmtr, 250TL and 304TL tubes KF6WM. 45300 
Royal, King C~ty. CA 93930 -- 
DXERS-CUSTOMIZED PRINTOUT of antenna headings cal- 
culated for your location. List includes over 650 worldw~de lo- 
cations. Send LaULong cwrdlnates, name, callsign. check for 
$12.95 U.S. Brian Henderson, VE6ZS. 23 Deermoss PI SE, 
Calgary. Alberta. Canada T2J 6P5. (403) 278-2084. 

WANTED: Operationlservice manuals for Galaxy V transceiv- 
er. Joe Williams, KJGOF. 38665 1 l t h  Street E.. #2. Palmdale. 
CA 93550. (805) 94751641 eves. 

COMING EVENTS 
Activities - "Places to go . . ." 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICI- 
TY COORDINATORS: PLEASE INDICATE IN YOUR AN- 
NOUNCEMENTS WHETHER OR NOT YOUR HAMFEST 
LOCATION. CLASSES. EXAMS. MEETINGS, FLEA MAR- 
KETS, ETC. ARE WHEELCHAIR ACCESSIBLE THIS INFOR- 
MATION 'WOULD BE GREATLY APPRECIATED BY OUR 
BROTHERISISTER HAMS WITH LIMITED PHYSICAL ABIL- 
ITY 

HANDICAPPED NOVICE needs HF equipment donated- 
anything please. KA3OUE. (412) 531-7443 anytlme. call letters (including MARS) with order. David A. Rice, 

KCZHO. 144 N. Pun Corners Rd. New Paltz. NY 12561. 
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Ham Radio's guide to help you find your local k 
California 

A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(8 18) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 

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 

Maryland 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-121 2 
Kenwood, Ten-Tec, Kantronics. Full 
service dealer. 
M-F 10-7 SAT 9-5 

CULVER CITY, CA 90230 
21 3-390-8003 I AMATEUR ELECTRONIC SUPPLY 
800-882-1 343 Trades 621 COMMONWEALTH AVE. 
Habla Espanol ORLANDO, FL 32803 

305-894-3238 I Massachusetts 

Colorado 
ALLIED APPLIANCE & RADIO 
4253 SOUTH BROADWAY 
ENGLEWOOD, CO 801 10 
(303) 761-7305 
Rocky Mts AmateurlShortwave 
Specialists, Ten-Tec, Yaesu. JRC- 
NRD, Sony , MFJ, KLM, and other 
fine gear. New and used. VisalMC. 
Antennas, books, discount prices too! 

COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7377 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Idaho 
- - 

ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
P.O. BOX 234 
PRESTON, ID 83263 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01 460 
508-486-3400 
508-486-3040 
The Ham Store of New England 
You Can Rely On. 

Missouri 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY. MO 64150 
(800) 821 -7323' 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 
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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 8 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. 

YOUSHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 

(208) 852-0830 
M 9-2; T-F 9-6; s 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

lllin ois 
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 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
(800) 523-7731 
(81 2) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, 
Hy-Gain, AEA & others. 

Nevada 

AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

New Hampshire 

RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunlHolidays 



ma teur Radio Dealer 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
201 -939-001 5 
Don WB2GPU 
ARRL, Astatic, Astron, B&W, Belden, 
Bencher, Hustler. Kenwood, Larsen, RF 
Concepts, Tonnaand much, much more! 
Tues-Fri 10 am-7:30 pm 
Thurs 10 am-9:00 pm 
Sat 16am-4:00 pm 
VISAIMC 

KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

New York 
BARRY ELECTRONICS 
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 
280 TIFFANY AVENUE 
JAMESTOWN. NY 14701 
71 6-664-6345 
Open 8:00 AM till 5:30 PM. Evenings, 
Saturday and Sunday by appointment. 
Western New York's finest Amateur 
dealer. Featuring ICOM "The World 
System." 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH 44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI, OHIO 45209 
(5 13) 531 -4499 
Mon-Sat 1 OAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
Darts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AIDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Location for over 30 Years 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 

K COMM dba THE HAM STORE 
5707A MOBUD 
SAN ANTONIO, TX 78238 
51 2-680-61 10 
800-344-31 44 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALElF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON, TEXAS 77082 
(71 3) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

I N  SAT COMM A N T E N N A  D E S I G N  

Apertures to 15metres 115 

OVERSEAS manufacturer, installer 
inauiries answered promptly. 

W C ,  I,, 1 "  0 . 1 t 3  
MUNI I ILLIPJOIS F 3 0 4 4 9 - 0 4 4 R  
U c; A FAX:  312-534 - 0 1 1 7  

ADD A VOICE TO 
ITC-32 

BP-1 Speech ~rocessod 
With the SP-1 Speech Synthesizer your 
ACC ITC-32 controller will sound exactly 
like an RC-85/850, for a lot less money. 
The SP-1 directly connects to the ITC-32 
and is transparent to system operation 
when the ITC-32 personality PROM is 
programmed to suppod the Digitalker in- 
terface. Nearly 200 words, numbers and 
letters are included as standard. Uses an 
8-bit parallel interface with strobe and 
handshake. Use with any external device 
which uses simple parallel interface. In- 
cludes on-board audio mixer to make in- 
terfacing a snap. $1 45 PP. Please request 
information packet. 

Gary Gaugler, N601J 
7970 Twin Rocks Rd Loomis, CA 

NEW! 
The clrsslc "Antenna Bible" 

now In m thoroughly-revlsed, much-enlarged 
edlllon 

ANTENNAS 
2nd edition 

by John Kraus, WSlK 
Ohio Slate University 

Covers both theory and its applications to practical 
systems. Over 1000 ~llustrat~ons and nearly 600 
worked examples and problems. Over 100 new 
topics. Complete with design formulas, tables and 
references 

91 7 pages. hardcover. $51.95 
Add $2.50 per book for shipping and handling U.S., 
$5.00 elsewhere. 

CYGNUS-QUASAR BOOKS 
P.O. Box 85, Powell, Ohio 43065 

Tel. 614-543)-7895 
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Choice Selection. 
Now you can have it dl! % dl  the qualities You've come to depend on in TS-32P CrfXS ENCOI~ER-DECODER Based on the time p m n  
our proBramrnable CTCSS tone equipment: Astonishing Accuraa Instant TS32, the industry standard for over a decade. The TS32P Bws you 
Pmgmnming, Unequaled Reliability; and add full spectrum tone versatili& the added versatility of acustom, changeable memory base. A low price 
multi-tone capability without diodes, a rept~gtamrnable memory.. . It3 our new of $57.95 makes it an even sweeter deal. 
harvest of C X S i  tone equipment SS-32P ENCODIIR Based on the equally popular 

The choice is yours! If standard CTCSS EIA tones do not SS32 encoder. Available for CTCSS, or audible burst 
suit your taste, select any 32 tones of your liking from 15.OHz to tones up to 6550.0Hz. Price is $28.95. 

255.0H.z. And if you change your mind, no problem; the mem SS-32S.VP St%-?lINI:lTYRE EUCOI)ER Our 
ory can be changed in your shop with our HHP-1 ptDgtammer, smallest encoder for handheld applications. Now you 
or at our factory for free. Your working tone is accessed by a can satisfy that customer that needs to access multi- 

simple DIP switch, so the& no fussing with counters or other ple repeater sites with a radio that has precious little 
space inside. At $27.95. the price is small toa 

testequipment 

Call today tollfree and find out more about this fresh new flexi- 
HHP-1 HtZSDHI<LI) I'HOCHIZ?IYEH For 
pmgmmming the 32 memory locations in any of 

bilii in tone s g n a l l i  and don't forget to ask about multi-tone our new pmgrammable products, including our 
swi tch i i  without cumbersome diode networks or binary switches. SDlOOO k % n e  Sequential decoder. The 

It3 all bm@t to market by the people who inhoduce the hesh HHP-I is battery operated for field use, and 
est ideas in tone signalling and of course our customary same day will program ANY 32 tones from 15.0 to 

shipping and one year wananty apply 6550.OHz in .lHz. increments. Price is 
$199.95. 'w 

(-1 

COMMUNICATIONS SPECIALISTS, INC. 
426 West 'Rift Avenue Orange, CA 926654296 

Local (714) 998-3021 FAX (714) 974-3420 Entire U.S.A. 1-800-854-0547 



products 

Antennas and mounts from 
Valor Enterprises 

The model PAQM "communicatrons extender" 
mobrle, 2-meter VHF antenna provides mlni 
quarter-*wave receptron. It lnstalls easrly with a 
2-lnch magnetic mount, 12 feet of cable, and a 
BNC connector (supplied). The unlt can also be 
modrfied for 220 and 450 MHz. 

Model PA270, two.plus-two. IS a dual-band 
antenna for 146 and 450 MHz. It includes silver- 
plated spring-loaded contacts and w~ll work on 
scanner radro UHFIVHF bands. 

The Model PUC 450 UHF collinear gain 
antenna features silver-plated sprlng loaded con- 
tacts and 100-watt rated Motorola base. This unit 
has a 450 to 470-MHz frequency range. 

Thrs 50-ohm swrtch handles 2 5 kW PEP, 
1 kW CW wrth low SWR lsolatlon IS rated from 
better than 60 dB at 30 MHz to better than 50 
dB rsolatlon at 500 MHz lnsertlon loss IS neglr- 
grble 

The llghtnlng protectron devlce lnsrde has 
cavrty constructron and metal str~p leads that pre- 
vent chafrng and shortrng problems. Unused 
positions are automatically grounded, or the 
center ground position can be selected. 

Contact MFJ Enterprises. Inc.. PO Box 494. 
Mississippi State. MS 39762 or order toll free at 
800-647-1800. 

Clrcle $312 on Reader Service Card. 

New TS-430 
tuning upgrader 

lnternatlonal Radlo and Computers. Inc. 
announces the TS-430 Tunlng Upgrader. 

Stock TS-430s have just two manually selected 
tuning speeds: 19 kHz per tunlng knob revolu- 
tion and 100 kHz per revolution when the step 
button is depressed. The tuning upgrader adds 
a slower fine-tunrng speed of 2.5 kHz per revo- 
lutlon. The upgrader requires three above-board 
solder connections and two plug-ln connections. 

The tuning upgrader also operates when the 
step button IS depressed. In thls mode, it auto- 
matically selects between 25-kHz per revolutlon 
and 100-kHz per revolutlon: the switchover polnt 
occurs at approximately 0.8 turns per second. 

The unit uses lwdraln CMOS circuitry, comes 
wlred and tested, and has a 6-month warranty 
The price is $34.50 plus $5 shipping and han- 
dling in the U.S.. $15 elsewhere. Use Reference 
no. 215. 

The TS-430 is available from International 
Radro and Computers. Inc.. 751 South Macedo 
Boulevard, Port St. Lucle, Florida 34983. 

Circle $313 on Reader Service Card. 

PCSP-1 power cord surge 
supressor 

Arnerlcan Voltage Products, lnc. has 
Introduced the PCSP-1 power cord, offering built- 
in surge protection for standard computers and 
electronic equipment. Unlike plug-in surge pro- 
tectors, the PCSP-1 is less llkely to be destroyed 
by furniture movement or unauthorized removal. 

The PCSP-1 has 210.000 watts of protection. 
All three legs are protected and the unit glows 
while in operation. The PCSP-1 sells for under 
$20. 

For more information contact American Volt- 
age Products. Inc., 18 Morse Drive, Essex Junc- 
tlon, Vermont 05452. 

Circle $315 on Reader Sewice Card. 

UAI-20 repeater audio 
interface 

Creatrve Control Products has added the 
UAI-20 Universal Audio Interface board to rts line. 
It IS a repeater and llnk audlo mixer featuring 
CTCSS decode. DTMF mute, and link monitor- 
mix control. 

Audio Inputs consist of repeater, link, control 
recerver, CWItone. CTCSS tone, and an auxiliary 
Input for other audio sources. Audlo outputs 
include: repeater, Ilnk, and a DTMF output for 
the DTMF decoder on your controller. 

Control inputs consrst of repeater Carrier 
Operated Swltch (COS). CTCSS mode, DTMF 
mute, and an auxiliary output from your con- 
troller for the link mute function. The CTCSS 
decoder output switches to the selected output 
level upon receiving the correct CTCSS tone. 

The UAI-20 has an audio filter, which removes 
the sub-audlble tone from the repeater receiver 
audio path. Automatic muting of the repeater 
recerver is provided when'the selected CTCSS 
tone hasn't been decoded. CTCSS tones are 
selected by configuring the 6-posltion DIP switch 
to the appropriate CTCSS frequency. 

IIX Equipment. Ltd offers tower standoff 
brackets. These brackets let you mount two or 

L Tower standoff brackets 

three large antennas 40 Inches off the tower face. 

F~~ additional information contact Valor Enter. Attachment clamps are adlustable to fit UP to 

prises, 185 West Hamilton Street, West Mil- 4-rnch tower legs; the brackets are drilled to fit 

ton. Ohio 45383. 25G, 45G, and 55G towers. Bracket arms can 

Circle $311 on Reader Sewlce Card. 
be spaced any distance apart to accomodate 
the antennas. Brackets are hot-dipped gal- 
vanized and the necessary hardware IS suppl~ed. 
The brackels are avarlable In two and three 

- 
antenna models. The SO-12 Standoff Bracket (for An assembled, tested UAI-20 wrth manual IS 

two antennas) IS $115.50 and the SO-13 Standoff available at an introductory price of $89 plus 
New switch for Bracket (for three antennas) is $144.50. The shipping. 
lightning protection . brackets are shipped by U.P.S. For more information, contact Creative Con- 

MFJ Entel prises. Inc. presents its new MFJ- For more information contact IIX Equipment, trol Products, 3185 Buntrng Avenue,   rand Junc- 

1704 four-position antenna switch wtth lightning Ltd.. PO Box 9. Oak Lawn, llllnols 60454. tlon, Colorado, 81504. 

protectron for $59.95. Circle $314 on Reader Service Card. Clrcle 1316 on Reader Sewlce Card. 
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The NEXT Generation 

MufMap II 

"This is the most advanced 
propagation program that I 
have seen for radio amateur 
use. Its graphics are superb, 
and band openings are 
displayed on a world map in 
a mannerpreviousl only 
available ~n very a dY vanced 
professional programs. " 
- George Jacobs, W3ASK, 

CQ Magazine Propagation Editor 

Now you can see world wide propagation 
conditions from your QTH at a glance! 
MufMap indicates all lorn, 15m, and 20rn 
openings on a map of the world. 

organize your operating time for 
contesting, network traffic, 
scheduling, etc. 

* study effects of time of day, 
season, and solar activity on 
propagation. 

Automatically combine a series of Muf- 
Maps to form a MufMovle. These show 
how propagation changes throughout the 
day, season, or level of solar activity. 

HARDWARE REQUIREMENTS 
MufMap runs on the IBM PC/XT/PS2 and 
compatibles with at least 256K RAM and 
Hercules, CGA, EGA, or VGA graphics. 
Supports the 8087 too. 

ORDERING INFORMATION 
MufMap is priced at just 8 9 .  VISA, 
Mastercard, and personal checks are 
accepted. Hercules support add $20. 
Just call or write to place your order. 

Base(2)Systems 
2534 Nebraska #l, Saginaw MI 48601 
or call (517)777-5613 for VISA/MC 
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ICOM '%, 

lC-765 NEW HF TRANSCEIVER 

Bulit.ln Automatic Antenna 
Tuner and Power Supply 
99 Memories 100 W Output 
160-10MIGeneral Coverage 
Receiver 1 Band Stacking Registers 

All Band, All Mode Transceiver 
Direct Keyboard Entry 
Engineered for the DX-Minded 
and Contesting Ham 
I tsGot  I t  All! 

Add Optional 6m, 2m & 
70cm Modules 
Dual VFO's 
Full CW Break-in 

Moblle 10 Meter Transcelvcr 
SSBIAMIFMICW 
25 Watts PEP 
New FM Offsets & PL 

lCOM NEW ULTRA COMPACT 
HF TRANSCEIVER 

FT-736R VHF-UHF BASESTATION 

SSB. CW. FM on 2 Meters 
and 70 cm 
Optional 50 MHz, 220 MHz or 
1.2 GHz 
25 WattsOutput on  2 Meters. 
220 and 70 c m  
10 Watts Output on  6 Meters 
and 1.2 GHz 100 Memorles 

Complete Term~nal U n ~ t  for . 
Morse. Baudot. ASCII. AMTOR 

NOW 112 PRICE 
CLOSEOUT SPECIAL 

ONLY $169. DELIVERED 
Software Avallabie 

Call Now-Don't Delay 

. USBILSBICW. AM Rece~ve 
Optlonal Module lor AM 
Transm~t and FM TXlRX 
160-10M Operation 100 W Output 
Recelve 30 kHz lo 33 MHz 
26 Memorles with Band 
Stacking Registers 

T S . 1 4 0 ~  AFFORDABLE DX-lng! 

HF Transceiver With 
General Coverage Receiver 
All HF Amateur Bands 
100 W Output 
Compact. Lots of Features 

0 
ICOM 
IC-2GAT 
IC4GAT 

2 Meter 8 440 
Handhelds 
ICZGAT 
RX 138-174 MHz 
TX 140-150 MHz 
7 Watts 
IC-4GAT 
440-450 MHz 
6 Watts 

, #., .." s -  
3MFTFR FM MOBILE I I KT-Series Mono-Band Radios 
- - -  - - -- 

10.15-20-30-40-80M MODELS 
50 Watts Output 
20 Multi.Function Memories 
Selectable CTCSS Tone Built-in 

SAVE BIG $$ . Operate4 Mobile Rigswith Optional Best Price and Complete Selection 
IF-20 Interface and RC.20 Controller Call Today! 

KENWOOD 
TH-25AT 

AND POWERFUL 

MFJ SALE MFJ AUWU 
SUPER SALE I ICOM LARGEST STOCK OF ALL 

YOUR MFJ FAVORITE 
ACCESSORIES 

CALL TODAY FOR 
BEST PRICE 

IC-32AT 
SUPER DUALBAND 
FM HANDHELD 

Frequency Cover- 
age: 141-163 MHz 
(Rx), 144.148 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 

5 Watts on  Both Bands 
Receive 138-174 MHz 

440-450 MHz 
Stores Standard and Extra Savings on the MFJ-1278 

Multi.Mode Data Controller 25W, 21 Memories. Dual VFO's 
At an Unbeatable Prlce! I o d d  Offsets 

- 
I 

all Toll FI 1 - 6pm Mor 
In Missourl L ~ I I - u ~ o - ~ ~ I -  

I Sat. 
81 18 

lt Lane k 
./st 

ty, MO 61 102 N.W. Business Parl 
Send SASE For Used L 

MOST OF AME DAY 



OPTOELECTRONICS IAIC. 

POCKET SIZE 
SiZE:4" Hx3.5" W x f "  D 

MADE IN USA 

FREQUENCY 

IN' 
A 

TO 2.4 GHZ 
8 LED DlGCrS 2 GATE TIMES 

ALUMINUM CABINET 
rERNAL Nl-CAD -ERIES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 

C 
EXCELLENT SENSlTlVllY 

& ACCURACY 

AC-DC PORTABLE 
OPERATION 

mall enough to  fit into a shirt pocket, our new 1.3 ( 2.4 GHz, 8 digit frequency counters are not toys1 They 
an actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
istalled inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
dapter/charger supplied with the unit. 
The excellent sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna; 

ccurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
refighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
x measuring clock frequencies in computers, various diqital circuitry or oscillators. Can be built into transmitters, 

signal generators and other devices to accurate r frequency 
The size, price and performance of these new nts make them indispensible for technicians, engineers, 

schools, Hams, CBers, electronic hobbyists, shor steners, law enforcement personnel and many others. 

~y monito 
instruma 
,t wave li! 

7OCK N( 
t1300H/A ...,,,. .300H/A 1- 1300 MHzcounterwith preamp, sensitivity. < 1mV 

. . . . . . . . .  27MHzto 450MHzincludes Ni-Cad batteriesand AC adapter 5169.95 

# 2 W H  Modd 2400H 10-2400 MHz microwavecounter includes Ni-Cad 
batteriesandACadapt er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2  99.- 

#CCA Model CCAcounter/counter, for debugging, ultra sensitive, < 50 micro 
volts at I50MHzl 1-600 MHz with adjustable threshold, RF indicator 
LED. Includes Ni-Cad batteries and AC ada~ . . . . . . . . . . . . . . .  $299.95 

ACCESSORIES: 
.............. YTA-lOOS Telescoping RF pick-up antenna with BNC connector .512.00 

. . . . . . . . . . . . . . . . .  'P-100 Probe, direct connection 50 ohm, BNC connector .520.00 
!CC-12 Carrying case, gray vinyl with zipper opening. Will hold a counter and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XTA- 1000S antenna. 510.00 

Ic 1M 

ORDER CACIORY Dl 
FLA (305) 771-2050 1-800-327-591 2 AVAILABLE NOWI 

OPTOELE-RONICS 
Orders to US and Canada add 5% of total ($2 min, $10 r-v' 

5821 N.E. 14th Avenue Florida residents add 6% sales tax. COD fee $2. 
Ft. Lauderdale. Florida 33334 Foreign orders add 15% 



A high-prrforn~ilnct HF rig.. . You gel 20 rncmorics to st.ortl usrd with a heatv-duty power supply. 
with a grtlat rrccivtbr and full-l)owt.r frequency and mode. Du;iI \.FOs Available options. FC-1000 or 
transmitter. 1,ight in wrhight and Ion with split frequency operation for FC-7.57:\T:\utorn;rtic, : \ l~ t . t l nna~ners .  
in prictl. DS-petlition work. And m;in[riil band FL-7000 500-watt Automat.ic, Solid- 

This is Siirs~lk FT-i47GS. scan plus auto-rcsunic rnomoryscan Statr Linrar Amplifier. TCXO-747 
\\'hcthtlr yorl'rtx ;i novic*c! or a via thtl mirrophontl upldo~rn t)uttons. Ttlmpcrature-Cornp(2nsatrd Crystal 

veteran, it's a gn)at way to st.ar1.. And Great receiver. Vlilizing n Oscillator. FAS-1-4R Remote Ant.enna 
a great to go. directly-clrivcn rnixclr, thcl FT-747C;X Sclcctor. FHH-i57Amplifit~r Relay 

DX ready. Thtx 747 pil(,ks a full receiwr ftlat ures s~lpcrl) o~t~rloiid Rox. FP-700 St;indard Power Supply. 
100-wtt .  HI:  1)11nc.h on 1fiO lo 10 protection. M)u also get. hcbtory- FP-75iHD Hewcy-I1ut.y J'ower Supply. 
rnet.ers, wit tl c~ontinuons rc~coi\tc from ins1;ill~d narrow C\\'anrl XI1 filtrrs. MMH-38 Mobile Mount.ing Hracket,. 
100 kHz to 30 MHz. A ono-tonch noisc. t)Innkf~r. All-modc Discover the pricelperfomance 

And i t s  control pant:l is rt!frc!sh- squelch. RIT. And ;I 20-(IH att.thnunt,or leader. Chrck out Xutsuls low-cost 
ingly simple. So you can hop arorrnd for local QSOs. FT747GX at your Yaesu dealer today. 
t.hc band fist lo nail t.hosc I)X stiitions. Lightweight construction. Recause now, Yaesu puts priceless 
While ot.htlr guys art? warming up Housccl i l l  a nrc~li~llizc~d hifiIr-ill~pac*t DX ink) gmr price range. 
their amplifiers, you can bc? working plastic casr, t hch E'T747GN wt?ighs ms, urn 173o Etl#;lmls ~ll;Lt~,(s,.rritrls,(:,~!~)~~)l 
t.he r ) ~ !  in at, ahout $ 1  I pollnds! Wit.11 thr  lo~l(i- (2I: i )  404 2700. k f i r h v i r e :  (21:{)404 4884. 

Multimode versatility. TIlc speakrr mo~lnt,~!(f t,t1(: front, h I . 5 :  ('1:') ..'I).! .I".'; P r l l ' t ' ~ I I ~ 1  S ~ M ~ I ~ I ~ ~ I ~ ~ I ~ ~ I I I ~ S  
sll l l~l~l~t I l l  l~t1;lllgl~ \vl t t l l l l l l  l l l l l l l~P. FT-R;(;S is rcladv to go rm I,SH, l!SR, for rnaximunl autlio triinsfvr. And 

CW, ;ind AM. M'it h provision for 1 . h ~  internal heatsinking for I t l c l  t.rarls- 
FM-747 FM unit.-great for w,it.ching rnilter, ratrd ;it f ~ r l l  powor for F\1, 
10-metrr rrpoatclrs. packet., RTTY SSTY and AhITOR whcn 

Fill your logbook. r /  199 

Without e m p m  your pocketbook. 



Stacked inyour Favor! 
7- f==% f - - l ,  A - - &?l!7:r,r-d L - 

FV Mobile Tranacc~i\fcr . I ,, [ 
Controls are provlded on the m~crophone 

Looking for a compact transceiver for CALL (call channel).VFO. MR (memory 
for your mobile VHF and UHF opera- recall or change the memory channel) and 
tions? KENWOOD has a compact rig a programmable key The programmable - 

for each of the most popular VHF/ 
UHF bands. 

r tnctlon memory c h n n n ~ l q  
20 memory channels allow storage of fre- 
quency, repeater offset, CTCSS frequency. 
frequency step,Tone OnlOff status. CTCSS 
and REV 
Utah  performance- h l ~ h  n o ~ n r ~ i '  
50W (TM-231A),  35M' ( ' M - 4 7 1 4 )  WI'C,  

a 3 pos i t ~on  power s w ~ t c ~ i  Ihlnh 
med~urn, low) 
Optlonal ful l - funct~on rerncte 
controller (RC-20).  
A full-funct~on remote controller uslng the 
Kenwood bus I~ne, model RC-20, may be 
easlly connected to the TM-231AI431Al531A 
and can be mounted In anv conven~ent 

key can be used to control one of the 
following func.tlons on the rad~o MHz.T ALT 
TONE, REV, DRS, LOW or MONITOR 
rr l lClV , I , L l ~ l l l l , + ,  I - 
A funct~onally des~gned control panel w~th 
backl~t keys Increases the convenlence and 
ease of operat~on durlng nlght-t~me use 

e r Lli3 7.. r, { ,  ,r * rl, 

* - , ,  ' 4 rk  ? 

, $ I , , , +  I,, r J  $ 1  1 rl 

.?, ' . ( b l '  - 4  r (1 +,'> , 1 r  1  -,. . " 

' \  * ' 3 ,  ; < I $  7 

'TM-531A 10,20,12 5 25kHz 
h\ Pror!r av r . 7 t \ 1 (  0 

The user frlendly programmable VFO allows 
the operator to select and program var~able 
tunlng ranges In 1 MHz band Increments 

- r 7 , r  ,-, - I >r\n,l I 1, +lor) 
The call channel key allows lnstant recall of 
your most commonly used frequency data 

.. , 7 ' '  i 1 1 1  * 1 -  - I ' ,. I I  ( L I T '  

- I (  

When act~vated thls funct~on will cause a 
dlstlnct beeper tone to be emitted from the 
transceiver for approx~mately 10 seconds to 
slgnal the presence of an lncomlng s~gnal 
- 

,f - > , , I *  " , , , , I<> -,,,r,,nq 

Band scan, Program band scan, Memory 
scan plus programmable memory channel 
lock out, wlth l ~ m e  operated or carrler oper- 
ated stop 

, . 
I ,  . ,.?? 

The opt~onal DRU-1 can store recelved and 
transm~tted messages for up to 32 seconds. 
allowlng the operator to qulckly check or 
return any call uslng the tone alert system 

* r  , . . n i  1'1 tn- r I 

7 I 1  , t 

Opt~onal  Accessories 

RC-20 Full-funct~on remote controller 
RC-10 Multi-funct~on remote controller 
IF-20 Interface unlt handset 0 DRU-1 D I ~ I -  

tal ~ecordlng unlt 8 MC-44 M~rlt~-f~rnctlon 
hand rnlc MC-44DM Multi-funct~on hand 
mlc w~th auto-patcll MC-48B 16-key DTMF 
hand mlc MC-55 8-pin moblle mlc 

MC-60A/80/85 Desk-top rnlcs * MA-700 

Dual band (2ni170cm) moblle antenna (mount 
not suppl~ed) SP-41 Compact mob~le 
speaker - SP-SOB Moblle speaker. PS-430 
Power s\lpply PS-50 Heavy-duty power 
supply * MB-201 Moblle mount - PG-2N 
Power cal~lc~ * PG-3B DC llne nolse f~lter - PG-4H 1nterf.l~ e connecting cable PG-4J 
Extens~on cable k ~ t  TSU-6 CTCSS un~t 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
PO BOX 22745.2201 E. Dom~nguuz Street 
Long Beach. CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC 
PO. BOX 1075,959 Gana Court 
M~sslssauga, Ontarlo. Canada L4T 4C2 
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