


Stack today's rapidly expanding VHFAJHF 
action in your favor with the most advanced 
design yet easy-to-operate FM dual banders 
on the road: ICOM's IC-2400 2-meterl440MHz 
or IC-2500 440MHz11.2 GHz. 

Their overlapping band ranges are great 
for present use and future expansions, and 
their wide array of impressive features 
make your auto a doublemobile winner! 

WIDEBAWD COVERAGE. 
'She IC-2.100's range of 1:18-174MHz RX/ 

140-150MHz 'SX and 440-450MHz W X  
includes NOAA weather reception plus 
liberal overlap for MARSICAP operation. 
The innovative IC-2500 receives and 
transmits 440-450MHz and 1240-1300MHz. 
HIGH POWER RADIOS! 

'She IC-2:loO delivers 45 watts output 
on two-meters, 35 watts on 440MHz. The 
IC-2500 features 35 watts on 440MHz 

up! :E:za%h low er for working 

FULL DUPLEX OPERATIOW. 
130th t~ ansceiv~rs transmlt on one band 

wh~le  s~multaneously recelvlng on another. 
Both rad~os feature independent offsets for 
each band. It's l~ke  having two separate radios 
in one! Perfect for true telephone-style auto- 
patch~ng with a modem crossband repeater! 
SIMULTANEOUS DUAL BAWD 
RFCFVn'4. 

Llrrn~tor h t h  bandson theinternal speaker 
or atlrl external speakers. Each band features 
separate volume and squelch controls. 
40 MEMORIES. 

Twn t y per band. Store frequencies, PL 
tones and TX offsets for super-convenient 
mobiling! 
PROGRAMMABLE BAWD AND 
~ ~ M I V ~  SmWMIMGP.. 

\ou ~1 the l11111ts anti select~lockout 
preferred Inemones. ICOM's IC-2400 and 

Watch. Monitor one channel's activity 
while operating.on another frequency. Two 
Call Channels. One on each band for 
uick, single access to your favorite repeatel %i Repeater in ut Monitor Switch for 

rapid checks of f X offset and evaluation of 
direct range. Plus, an 0 tional Beeper P silently monitors any se ected frequency or 
re ater for calls with your preselected CRSS subaudible tone 

Double your bands 4 t h  ICOMP new 
IC-2400 or IC-2W mobiles! 
lCOM Amma.  Inc., 2380-1161h Ave N E. Bellewe. WA98004 
C u s l w r  Service Hotline (206) 454-7619 
31 50 Prmlw Dnve. Sune 126. INmg, TX 75063 
1777 Phoen~x Parkway. Sune 201, Allanta GA 30349 
ICOM CANADA. A D~v~slon of lCOM Ammca Inc , 
3071 . 85 Road, Unt 9. Richmond, 0 C V6X 274 Canada 
All staled spec~hcelans are subpcl lo change unlhout mhce M obltgalm 
All ICOM rrmlm sqognlkanlly exreed FCC regulalfflns IlmtllY SPUnwS 
ernlssons 2400 1!iHI789 
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ICOM 
First in Communications 



INTRODUCING Bs 
N - ~ W  SYSTEM 

dd a new dimension to your amateur radio com- 
munications with AEA's Amateur Television 
(ATV) system. If you hold at least a technician- 

clitss license, you can transmit and receive live or taped 
audio and video Fast-Scan TV (FSTV) information that 
rivals broadcast quality. Now you can share more than 
rnnversation over the air with this new mode of "per- 

I communications." 
It's Easy and Inexpen- 

sive. If you have a vidco 
camcra or camcorder and a 
standard TV set, you may al- 
ready own the most expen- 
sive components of an ATV 
system. AEA's ATV system 
includes a transceiver and an- 
tcnna. Simply connect the 

. .  . . . -  camera. TV and the antenna 
to the transceiver, and you're 
on the air LIVE with one 
watt P.E.P.! Your TV set will 

monitor your transmitted and rcceived pictures. If you 
want to broadcast with more power, AEA also offers a 50 
watt mast-mounted linear amplifier with power supply. 

The FSTV-4MA Transceiver features a low-noise 
UHF GaAsFET prcamp with a typical noise figure of less 
than 1 .5dB and a crystal-controlled or variable tuning 
down converter. Output is available on channel 3 or 4 
for signal reception AND monitoring transmissions. 
Two frequencies can bc sclected from the front panel for 
transmission (one crystal is included). The AEA design 
is also optimized for superior video and audio quality 
without sync buzz even with wcak signals. The 
FSTV-430A is the only transccivcr you need to work 
ATV and it also allows you to use the same TV set to 
monitor your transmitted and rcceived pictures. 

The LA-430150 Amplifier with Power Supply 
gives a boost to your ATV signal. I t  includcs a 50W 
P.E.P. mast-mounted Linear Amplifier (patent pending) 
covering 420 to 450 MHz and a GaAsFET prcamp 
which utilize the antenna fccdline for DC powcr. 'The 
mast- mount eliminates the line loss between the 
amplifier/preamplificr and thc antenna to improve both 
transmission and rcccption. and is thc equivalent of a 
IOOW amplifier in the shack with a 3dB line loss. The 
amplificr is housed in a weathcr-resistant alodized 

MPS- 100 powcr supply also 
output I r  the FSTV-430A. 

What is the advantage of Vestigial Sideh 
The 430-16 Antenna is a high- 

pcrfonnancc. computcr-optimized 
yagi specifically dcsigncd for ATV 
opcration. I t  features broadband 
frcquency coverage from 420 to 
440 MHz. 14.3dB gain, O-ring 
scaled connectors, 28 degree 
E plane and 32 degree H plane 
beam widths and 16 elements on 
a I O-foot boom. 

See AEA's FSTV Svstem at 
your local authorized A ~ A  dealer. 
Put yourself in the ATV picture 
and join thc fun! 

Advanced Electronic Applications, Inc. 
2006- 196th St. SW/P.O. Box 2 160 Lynnwood, WA 98036 206-775-7373 AEA Brings YOU 
Prices and specifications subject to change without notice or obligation. A Better Experience. 
Dealer inquiries invited. Copyright 1989. r /  103 
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The FCC and 20-Meter Third Party Traffic 
Now hold on. Let me get this straight. 
Hams are using the airwaves for business communications? 
Can't be. We're better'n the rest and police ourselves. 
Don't we? 
All the latest hubbub about phone patches on 20 meters is very interesting. For years, many of us have won- 

dered and agonized over what constitutes "business communications." Trying to be very careful, I have always 
followed the rule: if there's a doubt in my mind, don't do it. 

A few years back the FCC waded into a big bruhaha about 2-meter autopatches and what was and was not 
permissible. It always struck me as silly that I couldn't call my wife on the way home to see if anything was needed 
for dinner. All I'd get in return is a better dinner. There's no profit or gain for me in the call. But it was one of 
those questionable calls and, consequently, not on the approved list. 

The FCC has now decided to get involved in the morass of 20-meter third party traffic. I have the feeling that 
it may be too little too late. If you haven't listened to the top end of 20 lately, you have missed some interesting 
conversations. 

According to W5YI, Robert McNamara, chief of the FCC Special Services Division, sent a letter to many of 
the participants active in third party traffic. The gist of McNamara's letter is that Amateur Radio should be for 
experimentation purposes in the field of communications, technical advancement, and the fostering of interna- 
tional good will. However, he says, "It appears that as much as 15 percent of the 20-meter [Amateur] band is 
being claimed for such communications [phone patch traffic] by some Amateur operators and by organizations 
apparently organized specif~cally to utilize the amateur service for third party telephony communications." W5YI 
says that the FCC has also received letters from other countries complaining about American Amateurs and 
their phone patch traffic. McNamara also states that "requests to the commission to resolve the dispute are taking 
far too much staff time from other essential activities." 

Perhaps if the FCC had shown some leadership in the first place, they wouldn't have to solve the problem now. 
This complaint has been voiced by many over the past ten years and is all too pertinent now. While I think 

we all agree that deregulation has worked to improve the overall quality of Amateur Radio, there are a number 
of areas that have slipped too far for even the most liberal to accept. From malicious interference, to foul language 
and poor operating habits, the total lack of enforcement has fostered this kind of behavior. 

Self-policing only works when all parties involved agree to participate. Get one guy who refuses to go along 
and the system has been compromised. Unfortunately, there are too many "iconoclasts" who refuse to cooperate 
in a self-policing environment. 

And so, you have a mess like the one we have on 20 meters. It's a shame and not in the true Amateur spirit. 
Hopefully, the FCC will take a strong leadership position to stop the abuses before they lead to serious damage 
to Amateur Radio. We have enough threats to worry about as it is without adding third part traffic violations to 
the primordial soup. We do not recommend a return to the restrictive policies of the FCC of forty years ago. 
However, the FCC is the only organization that has the power and ability to stop the abuses now, before irreparable 
harm is done. 

It's kind of tough to extol the virtues of Amateur Radio to a friend and when you go to an on-the-air demonstra- 
tion run across two bums arguing. You couldn't sell me on the basis of a demonstration like that. No sirree. 

Craig Clark, NX1G 

4 Ham Radio/January 7990 



Dual Band Afford-abilitv! 

The TM-701A combines two radios 
into one compact package. You get 
25 watts on 2 meters and 70cm, 20 
memory channels, tone encoder 
built-in, multiple scanning, auto 
repeater offset selection on 2 meters, 
and a host of additional features! 

20 multi-function memory channels. 
20 memory channels allow storage of fre- 
quency, repeater offset, CTCSS frequency, 
frequency step, and Tone OnlOff status, 
CTCSS and REV, provldlng qu~ck and easy 
access durtng mobile operat~on. 
25W on 2m and 70cm. 
Selectable full duplex-cross band 
(Telephone style) operation. 
Easy-to-operate front panel layout. 
Multi-function DTMF rnic. supplied. 
Controls are prov~ded on the nilcrophone 
for CALL (Call Channcl).VFO. MR (Memory 
Call or to change the memory channel) and 
a i~rogrammable functlan key The program- 
rn;ll,le key can be used to control one of the 
follnw~ng fi~nct~ons on the rad~o MHz,T ALT, 
TONE. REV BAND, or LOW power 
Easy-to-operate illuminated keys. 
A 1unct1on;llly des~gned control panel wlth 
~nd~v~duallv backl~t keys Increases the con- 
venlence and ease of operat~on durlng 
n~ght-t~me use 

Specrlicalrons and prrces sublecf lo change wrrhouf nofrce 
Cornplere servrce manuals are avarlable for all Kenwood fr 

Optional full-function remote 
controller (RC-20). 
A full-function remote controller uslng the e) Scan direction 
Kenwood bus llne niay be easily connected f) Alert 
to the TM-701A and mounted 1n-any con- 
venient locat~on.The new controller IS cap- 
able of operating all front panel functions. 
Built-in dual digital VFO's. 
a) Frequency step selection (5,10,15, 

20,12.5,25kHz) 
b) Programmable VFO 
The user fr~endly programmable VFOs allow 
the operator to select and program var~able 
tuning ranges in 1 MHz band tncrements. 
Programmable call channel function. 
The call channel key allows Instant recall of 
your most commonly used frequency data. 
Programmable tone encoder built-in. 

*Tone alert system-for true quiet 
monitoring. 
When activated thls funct~on will cause a 
dlstlnct beeper tone to be em~tted from the 
transceiver for approx~mately 10 seconds to 
s~gnal the presence of an lncomlng s~gnal. 
Easy-to-operate multi-mode scanning. 
a) VFO scan 
Band scan. Programmable band scan. 
b) Memory scan plus programmable 

memory channel lock-out 
c) Dual scan 

Dual call channel scan 
Dual memory scan 
Dual VFO scan 

d) Scan stop modes 
T~me operated scan (TO) 
Carr~er operated scan (CO) 

or obl~garron 
anscervers and most accessorres 

When the AL switch is depressed memory 
channel 1 is scanned for actlvity at approxl- 
mately 5 second ~ntervals. 
MHz switch. 
Lock function. 
Repeater reverse switch. 

Optional Accessories 
RC-20 Full-funct~on remote controller 
RC-10 Multl-funct~on remote controller 
IF-20 Interface unit handset MC-44 Multi- 

furict~on hand mlc MC-44DM Multi-funct~on 
hand mlc w~th  auto-patch MC-48B 16-key 
DTMF hand m1c.a MC-55 8-1~1n moblle mlc. 

MC-60A/80/85 Desk-top mlcs MA-700 
Dual band (2m170cm) mob~leantenna (mount 
not supplied) SP-41 Compact moblle 
speaker SP-BOB Moblle speaker PS-430 
Power supply PS-50 Heavy-duty power 
supply MB-201 Moblle mount PG-2N 
Power cat)lr PG-3B DC llne nose f ~ l t ~ r  

PG-4H lnterfn~e connecting cable* PG-4J 
Extens~on cable k ~ t  TSU-6 CTCSS un~t 

KENWOOD 
KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745.2201 E. Domlnguez Street 
Long Beach. CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075.959 Gana Court 
Mississauga, Ontario, Canada L4T 4C2 



A Preview of Coming Attractions 
Every year, we at Ham Radio try to bring you the best of Amateur Radio. Last year we introduced a redesigned 

editorial package that included new graphics, two Weekender projects per month, more construction articles, 
and lots of ham notes. As we enter the nineties, Ham Radio has two new features to offer you. Here are the details ... 

A lot of you have written regarding the status of W1JR's "VHWUHF World" column. After five years of writing 
interesting and insightful articles about the upper regions for Ham Radio, Joe Reisert is taking a well-deserved 
break. After a long search, we are pleased to announce that Bob Atkins, KAIGT, former author of the "New 
Frontier" column in QS7; has agreed to share his knowledge and enthusiam with you. We'll be bringing you his 
new column "Microwaves" as soon as the first installment arrives. Of course, Joe is still a much valued member 
of the Ham Radio family and we hope to present an occasional piece by him in the future. In the meantime, 
Joe's excited that Bob will writing for all you VHFlUHFers out there! 

Also new is the "Ham Radio Bulletin Board." The "Bulletin Board" will feature some of the more technical 
letters to the editor that we receive - letters that go into too much detail to be used in our "Comments" section. 
It will appear in the magazine whenever we have messages for you, or you have messages for us. 

I hope you enjoy these two new features. Both are part of our continuing effort to keep Ham Radio fresh, excit- 
ing, and full of the most up-to-date technical information available. 

Terry Northup, KA1STC 

HAM RADIO 

It's been over a year since we introduced our editorial redesign of Ham Radio Magazine. At your request we've 
included more short construction projects, two weekender projects each month, and loads of ham notes. 
HR's 25-percent increase in circulation over the last 12 months must mean that you really like what you see in 
the "New" Ham Radio! 

But we're not going to stop and rest on our laurels. Here's another opportunity to let us know how you feel 
about Amateur Radio's #I technical magazine. Please take a moment to fill out and return this questionnaire 
- a photocopy is fine. Let us know how you feel about the "New" Ham Radio Magazine. 

1. Do you like the changes we've made to Ham Radio? 
Yes No Why or why not? 

2. What else would you like to see? More technical articles -- More projects 
More Weekenders - Other 

3. Do you like the current mix of articles? Yes No 
Why or why not 

4. Do you think Ham Radio is: too technical , not technical e n o u g h ,  just right 

5. 1 like the Old New Ham Radio better. I don't really have a preference. - 
Why? 

Please return your questionnaires to Ham Radio Reader Evaluation, Ham Radio Magazine, Main Street, 
Greenville, New Hampshire 03048. Thanks! 

6 Ham Radio/January 1990 
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3. 1. CW VBT tranc,r.crv~r WI ; ;~  ;~~v. r r ;~ l  - ! < - - .  r -1h1td HI-CU' LO-Cut 

SLOP 4SLOPE coverage receiver. Hf:ce~ver 
c o ~ ~ ~ e t l !  ion class ik Tu covrrs 11,0  HI-30 MHz.AII 

Hr transceiver SiWJJl . , J S S  ,, / Blwal modes b~r~lt-rri. AM. FM, CW, FSK. 
InWaIng ; 
sIgnaI I 

(5'di) 
ISSR) ~n~edr lng  

LSH, USR 
TS-940s-the standard of ICW) :-. .,m.l Superb, human engineered 
performance by which all I 

other transceivers are judged. 
Pushing the state-of-the-art 
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 the TS-940s is 
"The Number One Rated HF 
Transceiver!" 

100" 1 d u y  cycle transmitter. 
Kf,riwnc~tl spc?clfrc?s transnilt duly 
cvc-lr. time' TS-940S Is guar- 
arltced Operate at power 
o( l t~ l l t  for w lods  exceeding 
one hour. (14 250 MHz. CW. 110 
w,~ltc.~ I'i'rfcct for RTTY. SSTV. 
atltf (other long-duration modes. 
F~ rs t  with a full one-year 
limited warranty. 
Extremely stable phase lock- 
ed ( P L ~ )  VFO, ~ ~ f ~ ~ ~ ~ , ~ ~  

fr,~,qller,cv accur;lcy Is nleasurccl 
In parts per million! 

Optional accessories: crystal oscrllator MC-43s UPIDOWN hand 
Al $340 ft j I I  rnriyt: (160-101~1) n~rtnrn;~t~c mtc. MC-GOA. MC-80, MC-85 deluxe basc 

antr-.rlna t~lner SP-940 cxtc'rn;~l spc;~ker stal~on nilcs. PC-1A [)hone patch TL-922A 
wlltl :n~dlo '~ller~rig YG-455C-1 (500 H/). llnear arlipl~f~er SM-270 station rnonltor 
YG d55CI\I l (750 H7),YK-88C-l (500 H?) CW BS-8 pan d~spl;~y IF-232CllF-10H 

KENWOD 
KENWOOD U.S.A. CORPORATION 

f~ltr,f:;. YK-PRA-1 (6 kH7) AM f~ltflr VS-1 volcf' computer ~ntcrfac:e. 2201 E Doni~nguez St., Long Beach, CA 90810 
synltir~:;icor SO-1 tc?nip~~r;~t~~rc conil~en;:ltcd PO. Box 22745, Lonq B~ach. CA 90801-5745 
, , 8 8 .  j ' ' > I < J ,  tP r .4 ,  ,. ,l~,<,~:;,,i\,,,P.,L,,,,!,,r:!f, !,,, ' ,I! l ~ . ~ ~ f l b ~ ~ , , , ~ ~  : , , , r , \ r f ~ , , , c . r ' > , , , ~ , l  , T l # , \ l , , < ,  +.,<<,',' 

.!lr.. ' , t r i i , r l r  I l n r i i f r , c  ,!r,r! { , r . r # .  . , r r ' ,  ,ii!,rr,c ! 'i 8 r f l . rr)"t  i z~fhr  l i l t  r rv! i r  t ,  ~ l r !  l!8i8ll.!r8,1r, 

front panel layout for the 
OX-m~nded or contesting 
ham. L;~rg@ flu?rasc:ent tube 
nialn d~splny wlth d~nirner, d~rect 
keybnard ~npilt of frequency; 
flywheel lylle m a r  luning knoh 
wrth opt~cal encoder mechanrsrn 
all con>h~nr! to (make the TS-940s 
a joy to operate 
One-touch frequency check 
(T-F SET) during split 
operations. 
Unique LCD sub display ind!- 
cates VFO, graphic ~ndicatton 

and 'lope tun'ng. 
and time. 
Sinlple one step mode chang- 
ing with CW announcement. 
Other vital operating func- 
tions. S ~ ? l f ~ t i ~ b l ~  semi or full 
brwk-1r1 CW (QSK). RITIXIT, all 
mode S~LIF'IC~, RF attenuator, fllter 
sclect swltch, selectable AGC. 
CWvarlahl~f pitch control, speech 
I,rocessnr, ,,r,t~ RF power output 
cnntrol, prngr:irnrnahlf! hand 
scan or 40 chttnnel memory scan 

--. . ----- 
CW VBT 

7 Dostred sianal 

- 
AF stqnal speclrum 

AF tune operatio 
*The AF T ~ N F  tun, I ,  >r' r e 3  

int~rlr,inq \ l o n a ~ %  dnd WP 
D T ~ ~ S  runc!#on snm,in n n i y  he 

O L , ~ , ~ G  ( . ~ e ~ l ! # n n  in "e C W  r rngr  

SSP. SLOPF TUNF 

4. rfer~ngstpnsl 
NOI !(;w) 

[A\y;lgnel 

-u.- La.u 
Inlmew+ng srpnal IS I" the csnlw 
ol the dbslroC slqnsl 

1) CW Variable Bandwidth Tuning.Vary I h v  3)SSBSlopeTuning.Opr~rat1nrl1ntheLSHand 
passhantl w ~ d t h  contrnuously ~n the CW. FSK USB rnodes. this l r o n t  panel control allows 
and AM modes.w~thout al lect lnq the center ~ndepent lent .cont inuouslyvar~ahIeadlust -  
f requency. This elftctlvely mlnlmlzes ORM mentoltheh~ghorlowfrequencyslopesolthe 
lrom nearby SSB and CWsignals. IF passband The LC0 sub drsplay illustrates 

2 ) ~ ~ ~ u n e . ~ n a b l e d  with the push button, the hlterlng pos l l ~on  

t h ~ s  CW ~n te r l e rence  lighter tnserts a tun- 4) IF Notch Filter. The tunahle notch frlter 
able,threepoleact1ve1111erbetweentheSSB/ sharply attenuates lnterlerlng s~qnals by as 
CWdemodulator and the audlo ampl~lter Dur- much as  40 dB.Asshown here, the lnterlering 
1" Cw OSOs. thls control can b e  u s e d  l o  slgnal IS reduced, whlle the deslred slgnal 
reduce i n te r l e r~ng  signals and nolse, and rernalns unaffected. The notch fllter works In 
peaks audlo lrequency response lor optlmum all modes except FM. 
CW performance 





QSL cards available 
Dear HR 

The American Amateur Radio Club 
of Korea has in hand 55 pounds of 
QSL cards, some as much as 10 years 
old. These were recently released to 
KARL by the Postal Department. If you 
were (or know someone who was) a 
United States Forces Korea "HL9" 
during the past 10 years, a SASE to: 
American Amateur Radio Club of 
Korea, PO. Box 153, APO San Fran- 
cisco, California 96206, will get your 
cards. Don't forget to include your HL9 
callsign and the dates it was valid. 

Charles H. Kelley, 
WSSPK/HL9CK, PSC Box 5349, 
APO San Francisco, California 

96366-0006. 

Balance of Modes 
Dear HR 

Donald Sinex is right ("Comments," 
September). Morse code is no longer 
an indispensable skill for ham radio 
operating, and the inability to master 
it should not disqualify a person from 
becoming a ham. Codevirtuosity - like 
typing speed - is not an indication of 
general intelligence. 

Code stands or falls as a technical 
requirement. But license exams still 
overemphasize code even though 
other modes are predominant. This 
has led hams to view code as a frater- 
nity initiation. "I did it, so you're going 
to have to do it too!" 

We don't need fraternity initiations. 
CW is no longer the only mode we 
have and our license exams should 
reflect a fair balance of modes, instead 
of being 75 percent Morse. 

Care to argue? See you on 21.060. 
Michael A. Covington, N4TMI, 

Athens Georgia 

New FCC rules 
Dear HR 

I just read the new September 1989 
FCC part 97 rules for ham radio. It 
states on page 22 that "repeaters can 
be limited to certain user stations" 
when in a ancillary capacity, such as 
a parade or special function. 

In checking the 1989ARRL repeater 
directory for the 440-MHz band, I 
found 293 ''closed to the licensed pub- 
lic" repeaters in the Southern California 
(Los Angeles) area. I could find only 
three "open to the public" repeaters. 
That means99 percent of the Southern 
Californi repeaters are not available to 
the licensed public! 

I feel we should notify the public to 
use the 440 repeaters, or possibly the 
440 repeater band in Southern Califor- 
nia, as a "test location" for the new 
"code-free" licensed public! 

W. Douglass, KGBAZ, 
Glendale, California 

True believer 
Dear HR 

Congratulations on your editorial 
in the September 1989 issue of Ham 
Radio. You have presented a 
balanced, concise viewpoint which is 
also well written. 

While I was not especially keen on 
your magazine, you are making a 
believer out of me! Recent issues have 
been very informative, and I now look 
forward each month to receiving my 
COPY. 

Keep up the good work. 
Marvin J. Fein, 

Newport Beach, California 

Celebrity info request 
Uear HR 

I am researching a book on the life, 
times, and activities of Arthur Godfrev. 
In addition to his broadcasting, hk 
was very active in many other areas: 
Amateur Radio, aviation, military ser- 
vice, stage shows, horsemanship, 
ecology, etc. I understand Mr. Godfrey 
had a very early, unusual callsign. Can 
anyone tell me what it was? 

I may be reached at (201) 
386-1920. Thank you for any ideas or 
reminiscences you or others may be 
able to share with me. 

Lee R. Munsick, 
Whippany, New Jersey 

Godfrey's callsign was K4LIB. Ed. 

Article stirs memories 
Dear HR 

It has been a long time since I've 
enjoyed an article more than the one 
in the November issue on the early 
Hallicrafters' receivers. It was well done 
in every respect. I commend the 
author for writing it and you for pub- 
lishing it. It's an example of the kind of 
"balance" we're seeing in the "new'' 
Ham Radio. 

My own affinity for Hallicrafters' prod- 
ucts began in a similar fashion. I 
started my ham career just after World 
War II with the much-maligned, but 
erninently affordable, S-38. It surely 
offered very little in electronic sophis- 
tication, but because it covered 10 
meters, it opened a new door on life 
for me! Those first years after the war 
found 10 meters wide open, often till 
well after dark, with hams all over the 
globe getting back on the air and sig- 
nals rolling in from the far-flung 
corners. I was just an SWL back then, 
but what joy that little S-38 brought me. 

After a year or so, I decided it was 
time to "trade up." My next receiver 

(continued on page 76) 
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COMPUTER AIDED 
DESIGN 
OF PRINTED CIRCUIT BOARDS 

By Bryan P Bergeron, NUIN, 30 Gardner Road, 
Apt. 1G, Brookline, Massachusetts 02146 

C onstruction has always been one of the challenges 
of Amateur Radio. Before there were transistors and 
integrated circuits, the basic building blocks for 

most projects included a few tube sockets, a metal chassis, 
a handful of insulated terminals, and some wire, along with 
a few tubes, capacitors, resistors, and inductors. Today, the 
printed circuit board is used universally in electronic con- 
struction. The neatness and miniaturization made possible 
by etched pc boards, coupled with the additional benefits 
of low lead inductance, good physical stability, and repeat- 
ability, make it an ideal construction medium for group 
projects. With the aid of a personal computer and printer, 
you can design pc board etching patterns for use with the 
photographic circuit board preparation process. 

Photographic reproduction 
Photographic reproduction is the most efficient and error 

free means of transferring a layout from a printed page to 
a circuit board. Many journal articles and reference books 
feature pc board layouts. Photographic reproduction starts 
with the creation of a negative from the circuit layout art- 
work. A negative is usually created by copying, with a plain 
paper copier, the circuit board artwork onto transparent 
sheets used for overhead projections. This negative is 
pressed against a specially prepared photosensitive 
copper-clad board and exposed to ultraviolet (UV) light to 
deactivate the etchant resist on the exposed part of the 

board. You can use inexpensive UV exposure lights' or sun- 
light to expose the board. After removing the exposed cop- 
per with a standard etching solution, you can drill the board 
and solder the components into place. 

One method of creating circuit board artwork is to trans- 
fer rub-on resist patterns to a white, nonporous surface. 
Once designed, the resist pattern can be used with a plain 
paper copier to create the required photographic negative. 
This method of circuit board design has some limitations. 
First, minor changes in artwork may require that you scrap 
the original design (and the press-on materials). Second, 
it's difficult to determine component placement, because 
you don't have a perfboard-like template to work with. Third, 
once a pattern is developed, it can't be used within another 
circuit board design easily. A computer-based drawing tool 
and a good quality dot matrix or laser printer are more effi- 
cient means of creating reusable circuit board artwork. 

Computer hardware 
You can use any computer capable of driving a dot matrix 

or laser printer (including the IBM PC and clones, Com- 
modore, Amiga, and Macintosh) to generate circuit board 
artwork. Although a high resolution video display and a 
mouse, joystick, or other pointing device can make the task 
of creating circuit board artwork more enjoyable, the equip- 
ment you use is much less important than the quality of the 
printer output and the software tools available. 

Output devices 
The quality of your pc board artwork is to a large degree 

dependent on the quality of the printer or plotter used to 
print the tracing. A clean, sharp original provides the basis 
for a crisp circuit board tracing. A good quality laser printer, 
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like the LaserWriter (Apple Computer) for the Macintosh and 
the LaserJet (Hewlett-Packard) for IBM PC and compatibles, 
produces the best output. Even the smallest details of a 
tracing design can be reproduced clearly at 300 dots per 
inch (DPI). One of the advantages of using a laser printer 
is that you can create the photographic negative in one step, 
by loading the plain paper tray with heat-resistant trans- 
parency film. Film suitable for use in a plain paper copier 
will work.* On the down side, laser printers are expensive; 
prices fall in the $1000 to $3000 range. 

The dot matrix printer is suitable for reproducing moder- 
ately complex circuit board tracings. The quality and design 
of your printer defines the limits of tracing density and com- 
plexity. Because most dot matrix printers for home use have 
resolution of near 100 DPI, the output won't be as clear, 
the curves won't be as smooth, and the optical density of 
the printer output won't be as great as compared with the 
output available from a laser printer. Unevenness in the 
optical density of dot matrix printer output, caused by 
variations in the printer ribbon, can be minimized with a 
new ribbon. The process of copying the artwork to trans- 
parency film will also minimize variations in the optical den- 
sity. Another way to reduce these variations is to prepare 
an enlarged version of your circuit and shoot it down to size. 
This method is popular with professionals who have access 
to lithographic equipment. You can use a reducing copier 
in the same way; however, there's a tradeoff involved. There 
will be some loss of quality with an off ice copier - especially 
if it's not well maintained. You'll need to calibrate out an 
"indeterminate" reproduction ratio. 

Plotters can also be used to create a hard copy of circuit 
board artwork. While comparable in price to low-end laser 
printers, small plotters offer little if any advantage over a laser 
printer. But plotters do excel in the ability they give you to 
handle circuit board tracing designs larger than those that 
can be accommodated by the standard paper sizes sup- 
ported by most laser printers. 

Software 
Although programs are available that will compute auto- 

matically the trace patterns required to connect a given 
group of components in a multilevel board (e.g., HiWire for 
the PC from Wintek Corporation), the price of these pro- 
grams can equal or exceed that of a good HF or VHF trans- 
ceiver. A more economical alternative is to use one of the 
popular drawing programs to design the trace patterns. 
Once drawn to scale, a circuit board pattern can be sent 
to a printer to create the photo resist pattern. 

There are two basic types of drawing programs availa- 
ble for most microcomputers. The first, typified by MicroSoft 
Paintbrush (MicroSoft Corp.) for the IBM PC and MacPaint 
(Claris Corp.) for the Apple Macintosh, can produce free- 
form graphics with great variability in shading, color, and 
contour. These "bitmap" editors produce graphic documents 
in a manner analogous to using wet paint on a canvas. 
Once individual graphics have been created and combined, 
there's no easy way to recover the individual elements. Free- 
form bitmap editors, while great for drawing lifelike scenes 
of people and places, lack many of the features needed 
to support the design of pc board traces. 

The second type of drawing programs, object-oriented 

'Try TEC F~lm. available from The Meadowlake Corporation. Box 497, Northport, New York 11768 

8 pin DIP 

14 pin DIP 

18 pin DIP 

20 pin DIP 

0 0  0 0 . - F O J f  

A subset of a library of foiii pattern objects constructed in an object- 
oriented graphics editor (MacDraw). This example illustrates foil 
patterns for 8 to 20 pin integrated circuits (left), component and 
connector patterns (bottom), and interconnecting tracings of vari- 
ous widths (right). Objectv fmm this and other libraries are fashioned 
into a circuit board by copying and pasting the patterns onto a work- 
sheet (see Figure 3). 

graphics editors, procluce documents composed of sepa- 
rate reusable objects. Even if it's combined with a line or 
other graphic object, a circle remains a circle - just as if 
you were working with cardboard cutouts. Object-oriented 
graphic programs - typified by MacDraw (Claris Corp.), 
Cricket Graph (Cricket Software), and Superpaint (Silicon 
Beach Software) for the Apple Macintosh, and Windows 
"DRAW!" (Micrografx, Inc.), Freelance Plus (Lotus Develop- 
ment Corp.), and AutoCAD (AutoDesk, Inc.) for the IBM PC 
- are ideally suited to creating pc board patterns.* Objects 
can be grouped into other objects, and these new objects 
can be moved or copied to other areas on the working 
document. For example, a group of suitably arranged circles 
or rectangles can be grouped into IC tracings. The ability 
to save predefined obl~ects in a library makes for quick and 
easy circuit board design (see Figure 1). 

An example sys1:em 
The system I use to draw printed circuit board artwork 

is based on the Apple Macintosh MacDraw software and 
the Apple LaserWriter printer. Like the better object-oriented 
drafting programs available for the Amiga, IBM PC, or Com- 
modore 64, MacDralnt supports the concepts of objects, 
object groups, and independent layers. As discussed 
earlier, objects can be grouped together to form other 

'These programs and others are avatlable from most computer stores and software dealers. 
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nent placement. 
Figure 4 also illustrates some of the powerful functions 

associated with object-oriented graphics programs - the 
ability to scale, flip, rotate, or invert objects easily. The top 
picture in Figure 4 is actual size as viewed from the foil side; 
the bottom picture is viewed from the component side at 
200-percent actual size. 

8 pin 14 pin 16 pin 18 pin 

114 w 112 w Ceramic Electrolytic 

Examples from a component library constructed In an object- 
oriented drawing program (MacDraw). Standard integrated circuit 
(top), resistor (left, bottom), and capacitor (right, bottom) bodies 
can be arranged and rearranged on a worksheet until the physical 
layout of the circuit board is adequate. Component objects are not 
only useful in illustrating circuit component layout, but they 
can be used to determine the minimum distance between circuit 
board tracings. 

. . . . . . . . . . .  
..I I . . . . * . . . . . . " , . . . . . . . . . . * " . . " .  ~..........................*..... ................ . . . . . . . . * . , * "* . . .  ... .....................,..*..... ;...............................< 
."rL..*..C...*..............-...* . . .  *.......*...............~..."* 
I.....................,. 

. " . . * . * . . * . . O * . . , * . * . " * . . . . . . * * . +  

. . . , . . . . . 0 1 . 0 . 1 . . . . . . . , . , . .  d " . . " .  ...... . . . O . * O . * . ' . . . . . . . . . . * . ' . . '  
, * ~ , . . , . . O . * O . . . , * . . . . . . * . . * . , . . .  
.........o..o.................... . - . . . .  ' 1 . 0 . . 0 . . . . . . . ~ . . m + . . * . 4 * . <  ........ . . . . . . . . . . . . . . . . . . . . . . . . .  ''''..'.~o..~~Pi~~......f..*..... . . * . . . * . . . . .  .....*., 
. . . % * . * . . . * . -  . *  ..."......... ,~~.....................,......., *....... *...............*........ 
e . + * . . * . . . . , . . * . . . . . . . * . . . . . . . . . .  

The worksheet, manipulated as a layer by the object-oriented 
graphics program. Much like the layout paper sold by the Vector 
Company, the computer-based worksheet serves as a template for 
the layout of a circuit board. in this illustration, the foil pattern for 
a 16-pin IC has been added, as well as a few connection points to 
pin 8 of the IC. 

objects, which can be copied easily and moved to work- 
ing documents (see Figures 1 and 2). 

Figure 3 illustrates the layers concept. The background 
layer, which serves as both a guide and a template, is com- 
posed of a matrix of dots with a spacing and size identical 
tothat of standard perfboard. Graphicobjects(see Figure 1) 
can be copied and placed over the simulated perfboard 
layer to create a circuit board pattern. Layers can be hidden 
from view and printed selectively. For example, the perf- 
board guide in Figure 3 can be hidden in the final printed 

d GND f% 

The completed, actual size circuit board tracing design (top), along 
with the component side design at 200 petcent actual size(bottom). 
Notice that the worksheet pattern does not appear in the final out- 
put. This board, together with three 0.1 pF capacitors and the two 
ICs indicated, provides for bi-directional TTL to RS-232 conversion. 

Conclusion 
I've used the system described here to develop circuit 

board patterns for projects as small as the one illustrated 
in Figure 4, and for boards containing more than a dozen 
integrated circuits. In general, I'vefound that the time savings 
afforded by the computerized approach is directly propor- 
tional to the complexity of the project. Massive alterations 
in a tracing pattern can be made in a matter of minutes 
instead of hours. If your club is interested in promoting con- 
struction projects, you should seriously consider borrowing 
or acquiring a system like the one described above. You'll 
never want to work with tape and rub-on resist patterns 
again. 

REFERENCES 

1 L Hala and P Hala, "UV Exposure L~ght," Modern Nectron~cs, Marc.h 1989. page 28-34 
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75-HZ WIDE 

IC header-type 
construction makes 
this easy to build 
By Albert A. Roehm, W20BJ, 22 Brookdale Road, 
Cranford, New Jersey 07016 

recently worked on developing a tactile pad for the 
hearing impaired. The project required an evaluation 
of several different kinds of audio filters. I explored 

Gaussian versus Butterworth filters, envelope detection, time 
delay circuits to absorb noise pulses, and carrier-activated 
limiters. Eventually, I decided that simpler was better, and 
used a bandpass amplifier and comparator to drive some 
digital circuits. Later, I extracted and repackaged the filter 
portion of the project as an effective audio filter for some 
of the local hams. Why not add this filter to your receiving 
setup? The parts are readily available and the IC header- 
type construction makes it easy to complete the project in 
an evening or two. 

Circuit description 
Designers of good receivers have always tried to obtain 

the ultimate in selectivity. The migration from single-tuned 
L-C circuits, to cascaded IF stages, to crystal and mechan- 
ical filters gradually approached the desired rectangular, 
or 1:1, shape factor. But it was necessary to balance the 
losses of the selective circuits against the danger of instabil- 
itythat resulted when too much gain was used to overcome 
these losses. The designers also had to be careful to avoid 
ringing in passive or active audio filters, especially where 
the response curve contained a sharp peak. 

Figure 1 is the circuit diagram of my 75-Hz filter. The 741 
integrated circuit used in the first stage is wired as a dual 
feedback bandpass amplifier with a Q of 10 and a gain of 
4.1 Normally, you'd need a multistage filter, with each stage 
limited to a Q of 4 or 5 to reduce ringing. However, the 
higher value of Q is possible here because only one stage 
is used. The result is a sharper, improved shape factor. R1 
is a variable resistor for adjusting the center frequency of 
the filter to match the offset frequency of the receiver (typi- 
cally in the 700 to 800-Hz range). If you intend to use the 
filter with only one receiver or transceiver, you can locate 
the frequency control internally to conserve panel space. 

The second stage is a comparator whose output is low 
if the signal applied to pin 5 from the bandpass amplifier 
is lower than the value of the bias set on pin 4. The output 
voltage on pin 2 switches rapidly to the high state when 
the positive peak of the signal voltage exceeds the bias by 
a few millivolts. Figure 2 illustrates the net bandpass charac- 
teristics of these two stages. The characteristics are those 
of an excellent CW filter. The flat top in the passhand guards 
against ringing because pin 2 remains at a constant high 
level, even though the output of the bandpass amplifier 
varies above the bias setting. You get a shape factor of 1:1 
because of the sharp change in output voltage when the 
signal goes above or drops below the bias set on pin 4 of 
the comparator. R2 varies the bias (threshold) level of 
the comparator, which in turn determines the bandwidth 
of the filter. Mount this control on the panel for operating 
convenience. 

Another op amp is used for adjusting the c:omparator's 
bias. I selected an LM-339 because it requires a single 
polarity supply voltage and contains four op amps in its 
14-pin IC package. This means that the second op amp 
(plus two spares) is already available. Its input is connected 
to the first op amp to sense the same audio signal and 
threshold setting (points X and Y in Figure 1). The output 
switches a light-emitting diode (LED) on and off electron- 
ically to indicate the threshold setting. The L.ED goes off 
when the background noise is biased out. It will then light 
as the code elements are received. Being ahle to see the 
received signal should be an aid when you're copying code. 

The output of the comparator is connected to R3, which 
acts as a volume control for the filter. You adjust this control 
only once, so it can be located internally to save panel 
space. The wiper arm of R3 is coupled capac:itively to one 
end of R4, which serves as a fader control. The other end 
of R4 is coupled back to the audio signal coming from the 
receiver. This arrangement lets you switch smoothly 
between unfiltered and filtered audio, or a blend of both. 
Locate this control on the front panel for easy access. 
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If You Want the Most Advanced TNC Today ... 
I n  26 countries around the world, tens of 

thousands of amateurs know that Kantronics 
is the leader in bringing tomorrow's technology 
to their stations today. They also know they will 
always be among the first to incorporate just- 
introduced features and modes with Kantronics 
software and firmware updates. 

And, they know that Kantronics is unique in its 
ability to seek out, develop and incorporate the 
most advanced features into each of five 
different TNC models before anyone else. 
Why? Because every program Kantronics 
writes, and every unit Kantronics designs and 
produces are born right here at the factory in 
the U.S.A. 

connect. So save your computer and monitor 
life by turning them off when you are away, and 
never miss a beat on the airwaves. 

Version 2.85 KAMs have increased Packet 
clusterN compatibility, KA-NODE" path pres- 
ervation, KA-NODE recognition of the "NET" 
nodes and H F  baud rates from 50 through 300! 
And there are three new mailbox commands: 
Lkt Mine, Read Mine and Ell Mine. 

and Tomorrow ... 
Will the Real Dual-Port 
Please Stand Up? 

Meet Your Mailman R e a d  our lips. The KAM" is the only true 
dual- port when it comes to packet. Your 

T n  this age df telco LANS, E-mail and FAX, Personal Packet  ailb box'" is accessible from 
both H F  and VHF! Version 2.85 has dual-port 
compatibility with RLVMBL boards and KISS 
mode for both ports. You can monitor H F  and 
VHF packet operations at the same time. 

I Kantronics AII- ode" (KAM) has Packet, 
llCk WEFAX, ARQ, FEC, R l T Y  and CW recep- 

PBBS is just one of the firsts Kantronics delivered. tion. But we have five models to suit your par- 
ticular taste. Ask your dealer for the best 

you will know you have mail in your Personal choice today ... and tomorrow. 
Packet   ail box" when your KAM "STA LED 
is blinking. New firmware level 2.85 has also 
added a handy automatic mailbox user- 

EZ Kantronics 
R F  D a t a  C o m r n u n l c a t ~ o n s  S p e c i a l i s t s  

1202 E. 23rd Street Lawrence. Kansas 66046 
(913) 842-7745 Packet Cluster" is the copyrighted software of Pavillion Software 

KAM", All-Mode", KA-NODE'-. and Personal Packet Mailbox'.. 
are trademarks of Kantronics Company. Inc. 



BOOMER ANTENNAS 
PllbbC - 

A N T E N N A S  

~nte i lnas so efficlent, powerful and successful that they 
defy comparison. They have established new VHF/UHF dis- 
tance records. Boomers' computer based design has be- 
come the standard of comparison. 

All Cushcraft Boomers are built with stainless steel hard- 
ware, ultraviolet stabilized element Insulators, coaxial balun 
and heavy wall boom material with stainless steel locking pins. 
They are consistent winners in every antenna gain measuring 
contest and they are the choice of VHF and UHF antennas for 
hams around the world. Built to pefform and built to last. The 
best your money can buy. 

SIDEBAND CW BOOMERS 
The antennas VHFIUHF operators choose for EME Meteor scatter and 
contesting. They oll have balanced 1-Match feed system and trigon 
reflectors for precise potterns and maximum performance. 

4218XL 144-145 MHz 18 Element 28' BOOMER 
32-19 144-146 MHz 19 Element 22' BOOMER 
215WB 144-148 MHz 15 Element 15' BOOMER 
2208 220-223 MHz 17 Element 19' BOOMER 
4248 424-435 MHz 24 Element 17' BOOMER 

6 METER BOOMER 
Our 61768 has more gain thon any antenna In its class! Serious 
operators appreciate the design durob~l~ty of th~s long boom 6 
meter antenna. The excellent gain and front to back ratio are 
combined with a new clean pattern to focus your signal where 
you want it. The 617-68 is designed to survive the toughest 
conditions. 

61 7-68 50-51 MHz 6 Element 34' BOOMER 

FM BOOMERS 
Our FM Boomers feature the latest wldeband technology to give 
the hlgh performance required for FM and Packet or sidebond 
and CW. There are three high performance models for two 
meters and two models for the new 220 MHz novice phone bond. 
All are deslgned for quick, easy assembly and horizontal or 
vertical mounting. 

124WB 144-148 MHz 4 Element 4' BOOMER 
215W8 144-148 MHz 15 Element 15' BOOMER 
230WB 144-148 MHz 2x15 Element BOOMER 
224WB 220225 MHz 4 Element 3' BOOMER 
225W8 220225 MHz 15 Element 10' BOOMER 

CUSHCRAFT CORPORATION, 48 Perimeter Road, P.O. Box 4680, Manchester, NU 03108 USA 
Telephone: 603-627-7877 Telex: 4949472 FAX: 603-627-1764 

AVAILABLE THROUGH DEALERS WORLDWIDE 
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BYPASS L INE 

" X "  +5VDC 
AUDIO OUT 
TO 
HEADPHONES 

AUDIO IN  
FROM XCVR BANDCENTER 

ITHRESHOLD) 
- + S V D C  

Schematic diagram of the complete 75-Hz bandwidth audio filter. 

Then, 

Recommended power supply: 
Date1 AC/DC regulated power 
adapter model PA-5/500. 

Recommended cabinet: 
Radlo Shack no. 270-251. 

I All resistors IN-watt carbon composltlon 
or fllm tmes. AN pots use llnear tapers. I 
All capicjtors 25-volt dlsc cer8mlc.types. 
Use shlelded cables for power supply and 
audio Input leads to avoid RFI. 

Q = lo 
Try: C = 01pF 

R3 = L- = 
10 

a x fc x (7 3.14 x 750 x 0.1 x 
(5) 

= 42,441.3 ohms 

Design of bandpass filter1 
Figure 3 shows how an operational amplifier can be wired 

as an effective bandpass filter. Solving three simple equa- 
tions determines circuit values: 

R3 R3 o r H  = - Gain = A = - 
2 x R l  2 x A 

(2) 

where: Cl = C2 = C 
F = center frequency 

Q = 
fc BW = bandwidth = - fc (4) 

3 d ~  BW Q 

For: f = 750 Hz 
A = 4  

I 

fo  
I7ELATIVE FREQUENCY 

A- HIGHER BIAS LEVEL PROVIDES NARROWER BANDWIDTH 
B- BIAS OR THRESHOLD LEVEL OF COMPARATOR STAGE 
C-  COMBINED RESPONSE OF BOTH STAGES 

Illustrated response of the first two stages showlng bandwidth 
adjustability and selectivity. 
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R3 = - - 42,441.3 
2 x A  2 x 4  = 5y305-2 ohms Because actual capacitor and resistor values tend to be 

on the high side of their tolerance ranges, select standard 
R2 = Q (7) value resistors below the calculated values. For example, 

( 2 x ~ ~ - ~ ) x 2 x ? r x f , x C  use 4.7 k for R1 and 36 k for R3. Variable resistor R2 can 

10 
be any convenient value - like 200 ohms, or higher. A recal- 

- - = 108.3 ohms culation for 0.15-FF capacitors yields 3.3 k for R1, 100 ohms 
(2 x  10' - 4 )  x  2  x  3.14 x  750 x  0.1 x  for R2, and 27 k for R3. 

Jd@W = = 2 = 75 Hz 
Construction notes 

Q 10 (8) You can build the circuit in a variety of ways. There's 
nothina critical about the wirina. Point-to-point or pc board 
techn~qes are proven methods; however, this project is 
ideally suited to a combination of both. All the fixed value 

AUDIO POWER 
IN AUDIO IN 

Gpp 
INPUT 

OP AMP OUTPUT 

am-2 BOARD 

resistors and capacitors can be soldered to a single 16-pin 
DIP header which plugs into a standard IC socket. Jum- 
per wires from the socket to the panel-mounted compo- 
nents and active ICs complete the job. 

Figure 4 shows the suggested arrangement of a 1-318 
x  1-518 inch piece of perfboard, along with the parts lay- 
out on the front and rear panels. This layout is for use in 
a 3-114 inch wide x 2-inch high x 4-inch deep metal cabi- 
net, like Radio Shack's catalog no. 270-251. The layout in 
Figure 4 requires an external source of powel: Take power 

f l f J f l ~ 4  

I I 

w 
LED 

from existing equipment or use a small wall-mounted power 
Basic schematic of an op amp (741) wired as an effective bandpass pack, 
filter. 

BANDWIDTH FADER 

TOP VIEW 

RCA 1/4" RCA 
PHONO PHONE PHONO 
JACK JACK JACK 
(POWER IAUDIO (AUDIO 
IN ) OUT)  IN 1 

BACK PANEL 

FRONT PANEL 

i 
Mounting details and dimensions for the filter enclosure. 

t 
1/2" F 

c 314 "7 l.*. r 314 'k 

.+. LED *+. 
R 1  R4 

(BANDWIDTH) FADER) 
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NYE Takes the fear out of full power antenna tuners, 
and the guesswork out of PEP measurement 
with these two MUST SEE PRODUCTS!! 

M B -V-A RFM-003 

Discover this durably built, feature packed MB-V-A Antenna Get correct easy to read measurements of PEPfor SSB, 
tuner. You'll find operating conveniences that make antenna AM,and Pulsealong with full timecompletely automatic 
tuning a snap and value engineered to do the job over wide SWR display with this unique Power Monitor System. 
operating ranges. Compare quality, features and the NYE Two models to choose from: The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY. indication and The RFM-005 for 5KW. 

CHECK THE FEATURES: 
Pi Network. Low Pass Pi Network tuning 1,830 MHz Heavy duty silver plated 
conl~nuously variable lnductor with 25:l vernler d~a l  7000 volt varlahle 
capacitor and 10.000~ switch selected fixed capacitors on output side Tunes 
40-2000 ohms loads Good Harmonic suppresslonl . Automatic SWR, Hands free metering of SWR, No reset or calibration needed 
Separate power meter-300 Or 3Oo0 automatically switched. Easy 
read 2 5" recessed and back-lighted taut band meters 

Antenna Switch. PUSH-BUTTON antenna switching to (4) antennas (2 coax. 
slngle wire and twin lead) Coax bypassed on flrst coax output We designed 
th~s  swltch to take the power Rated at lOKV and 20 amps. 

3 KW Balun. Trifler wound triple core torroid glves balanced output to twln 
feeder from 200 to 1000 ohms and unbalanced output down to 20 ohms. 

Maximum Power Transler. Match your transmitter output impedence to almost 
any antenna system lor maximum powertransfer Amplifiersonly run at their 
designed 0 when properly matched 

Model Optims. M B - 6 . ~ 1  Includes all MB-V-A features less antenna switch and 
balun MU-IV-A2 is identical to MB-IV-A1 wlth the addition of a trlpte core 
balun. 

1B MHz will not tune on some antennas 

13)Modes-Peak Average and Peak and Hold witha uniquenon-drift sample& 
Hold Analog memory clrcuit. 

121 Ranges - Automatically swltched power scales to 5 KW 

Fully Automatic SWR - Full time meter displays ratios directly without drift 

Bulll.ln ALO - Protect your amplifier tube lnvestrnent with this fast acting 
lockout . Remde Couplers - Six feet remotes the interchangeable calibrated couplers. 

True RMS Conversion - H F couplers use forward biased full wave detect~on 

Rugged Construction - Heavy gauge aluminum construction Top quality glass 
epoxy PCB Thls meter IS built to last. 

Accuracy - Guaranteed to + 5"b F S 

Warranty - TWO FULL YEARS 

Added Features - Switchable reverse power all mode metering - Full status 
LED D~splay - Adjustable ALO is switchable SWRIREFL power - Heavy 
duty Nlcad batteries charged by the applied RF for the field and a charger 
is suppl~ed for fast charglng and backlighting of the taut band meters for the 
ham shack 

i 

OTHER NYE VIKING PRODUCTS 
Phone Patches - Electronic and Memory Keyers - Squeeze Keys - Straight Keys - Code 

Practice Sets - Antenna Switches - Low Pass Filters - All Band Antennas and more.. . 
ASK FOR A FREE FULL LINE CATALOG. 

m ORDER, CALL YOUR FAVORITE DEALER 
Amateur Electronic Supply C-Comm 
Ham Radio Outlet Ross Distributing 
Henry Radio Quement Electronics 
Madison Electronics LaCue Communications 
EGE Ham Station 
R&L Electronics 
rf enterprises In Europe: Kneisner & Doering, 
Barry Electronics Braunschweig, W-Germany 

Wm. M. Nye Co. Inc. 
1614 130th Ave. N.E. 
Bellevue, WA 98005 
TEL: (206) 454-4524 
FAX: (206) 453-5704 



. - DC to 1OOMHr 
Dual Channnl 

Autoranglng 

Advanced storage lunct~ons create new d~rnenslons In 
scopes such as one shot obsewal~on, flicker free d~splay. 

High lumlnance 6"CRT 
1mV Sensltlvlty 
6KV Acceleration Voltage 
lOns R~se Time 

Top quallty scopes at a very reasonable price. Contains all destred features. Two lx ,  lox probes, dlagrams and manual. Two year guarantee 

PRICE BREAKTHRU T N ~  R M S ~ H  - Multlmeter ~ ~ t h  Digltai Capacitance Meter Dlglfal LCR Meter 
on Auto Rang~ng DMMs 1 D I ~ I ~  ~ u ~ t ~ r n e t e r  Capacltance and 

Trartslstor Tester m CM-1550 r-. LC- 1801 

W- & - $135 M-7000 gm $55 CM-1500 $58.95 $1 25 

.05% DC Accuracy Reads Volts, Ohms, Measur- 
MDM-1180 

Co~ls luH 2001 
1 Oh Reslstance L - Current, Capac~tors. 5% baslc acc y 

"24.95 
Caps 1~1200~ 

with Freq Counter - - 2 * Translstors and Res 01 20M 

! and deluxe case - D~odes wtth case 
- MDM-1181 - .- $27.95 Bench DMMS AC Current Meter Solderless Breadboards AC Clamp-On 

pgq-2 -3-. J ST-1010 9.. *"f MDM-1182 
r- Current Adaptel 

$29.95 pi 1 - $69.95 
9430 
1 100 plns $15 
9434 . 3 112 LCD Display 1000 Amps 2 170 pins $25 - 27 FunCl~ons DataBPeak Hold 9436 - Auto /Manual Ranges M-3500 M.4500 8 Functtons 2 860 pins535 

0-1000A AC 
Aud~ble Contlnulty . ~~t~ "old (MDM-1182) 3s d lg t  f 125 4 . dlg1t f 175 Deluxe Case 

Works w1tt 

05% accy 
most DMN . 1% Accuracy (MDM-1181) 1% accY 9436 SHOWN 

Wide Band Signal Generators TRIPLE POWER SUPPLY XP-620 Function Generator Decade Blox 
SG-9000 $129 Assembled $65 - Blox .. . . R9610 or 

1% #96W :o: "is: #620 
Kit $45 . . .--- . $18.95 

2 to 15V at t A  528.95 19610 Resistor BIOX 

~ontalns ail the dsslrsd teatures lor 2 to .75V at 'A  ~rwldes sins tri squ wave 4 7  ohm to 1M 6 IOOK pot 
SG.9500 wlth Dlgltrl Dlsplay doing experiments Features short (or 4 to 30V at 1A) from IHZ to lMt iz  19620 Ca cltor Blox 
and 1 5 0 M ~ z  bullt.ln Freq Ctr $249 CIrCult ProtUCtlon all SuPPlles and 5V al 3A AM or FM capabillly 47pf 10 ~ K F D  

Digital Triple Power Supply XP-765 Quad Power Supply XP-580 LEARN TO BUILD AND PROGRAM 
$59.95 COMPUTERS WITH THIS KIT! 

INCLUDES ALL PARTS, ASSEMBLY AND 
@2ovat1A 2-20V at 2A LESSON MANUAL 

12V at 1A 
5V at 5A 

Fully regulated and 5V at 3A 
MODEL 

Fully Regulated. Short clrcutl protected with 
short clrcult protected -5V at .5A 

2 Llrnlt Con1 . 3 Separate suppiles 
XP-660 wlth Analog Meters $175 XP-575 wlthout meters $39.95 

Four-Functlon Frequency Counters GF-8016 Function Generator 
148.00 



TO TOP OF R l  IFREO. ADJ.1----- \ ,---TO LED ANODE 

16-PIN 
HEADER 

p A 7 4 1  / (VOL) I 
+--- 4 

/ 

NC 

I 
I LM339 
I 
\ 

Diagram of parts placement and jumper connections for use with the DIP header type constructlon. Enlarged top view of header wiring 
and active ICs is shown. Heavy lines marked "J" are jumpers on header. 

Figure 5 shows one arrangement for mounting parts on 
the IC header. The jumpers indicated by the heavy solid 
lines are also part of the header wiring. R2 can be any con- 
venient value over 1 k. If you use 5 k or more, the 1-k and 
1.2-k resistors shown connected to R2 in Figure 1 can be 
eliminated. 

Adjustment and operation 
Adjustment of the four variable resistors is simple and 

straightforward. Rl's setting determines the center fre- 
quency of the bandpass amplifier. If you plan to use the 
filter with a single receiver or several pieces of equipment 
with the same offset frequency (CW beat note), R1 is a "set 
and forget" control. Tuck it away inside the cabinet to con- 
serve panel space. The same applies to R3, which is used 
to adjust the volume of the filter's output to match that of 
the receiver. R2 and R4, however, should always be located 
on the front panel. R2 determines the switching threshold 
of the comparator stage, and its setting is influenced some- 
what by the strength of the received audio. Figure 2 shows 
how the setting of the threshold level in relation to the 
response curve of the bandpass amplifier determines over- 
all bandwidth. Note that the filter's selectivity narrows as 
the threshold is set closer to the peak of the curve. I recom- 
mend that you use a multiturn potentiometer, although a 
conventional control with about 330 degrees of rotation 
is satisfactory. 

R4 acts as a fader control, but you can replace it with 
an SPDT switch. Unfiltered audio appears at the output of 
R4 when the wiper arm is pointing toward the bypass line. 
This position is handy for general tuning purposes. It's 
advantageous to use a variable control, rather than the 

switch arrangement, because you can move the wiper away 
from the full bypass position in smaller increments. In this 
mode of operation the narrower bandwidth still permits cas- 
ual receiver tuning, but adds sufficient resistance to the 
bypass line to force some audio to enter the filter and 
activate the LED. Moviing the wiper to the other end of R4 
provides fully filtered audio at the output jack. In this posi- 
tion, the quality of the audio note changes from the original 
smooth sounding sine wave to a highly clipped note 
reminiscent of the CW limiters in old vacuum tube receivers. 
The resulting sound approaches that of a square wave and, 
in my opinion, produces a CW note that's easier to copy. 

Adjust R1 using a steady carrier picked up by the receiver. 
You can use a crystal calibrator to supply the carrier. Tune 
the receiver for rnaxin~um deflection of the S-meter and 
leave it undisturbed while you make the rest of the adjust- 
ments. With the receij~er audio level set no higher than 
needed for detection by the filter, and both R1 and R2 set 
fully counterclockwise (maximum bandwidth), the LED 
should be on. Carefully turn R2 clockwise until the LED 
goes off. Adjust R1 until the LED comes on again, and note 
the knob position. Cor~tinue turning R1 in the same direc- 
tion until the LED goes off; note the knob position again. 
Return R1 to the setting midway between the transition 
points and turn R2 cloc:kwise slightly to extinguish the LED. 
Reduce the filter bandwidth progressively using R2 and 
adjust frequency control R1, while maintaining minimum 
necessary excitation from the receiver. Eventually, you'll 
reach an adjustment of R1 which matches the filter's center 
frequency exactly to tlhe offset frequency of the receiver. 
Once optimized, R1k setting shouldn't be disturbed during 
normal filter operation. 

Ham Radio/January 1990 21 



in ATV ... WGORG 

With our all in one box TC70-1, 70cm ATV Trans- 
ceiver, you can easily transmit and receive live action 
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 
rear phono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and TV set and you are on the air ... it's that easy! 
TC70-1 has >1 watt p.e.p. with one xtal on 439.25, 434.0 
o; 326.25 idHz & properly matcnes Mlrage D15, D24, 
Dl  00 amps for 15,50, or 70 watts. Hot GaAsfet downcon- 
verter varicap tunes whole 420-450 MHz band to your TV 
ch3. Shielded cabinet 7~7~2.5".  Req. 13.8 VDC @ .5A 
Transmitters sold only to licensed amateurs, for legal purposes, 
verified in the latest Callbook or send copy of new license. 
Call or write now for our complete ATV catalog 
including downconverters, transmitters, linear amps, 
and antennas for the 70,33, & 23cm bands. 
(81 8) 447-4565 m-t ~am-5:30pm pst. 

P.C. ELECTRONICS Tom (WBORG) 
2522 Paxson Ln Arcadia CA 91006 Maryann (WB6YSS) 

This filter is very easy to use. Just plug it into your head- 
phone jack and turn up the receiver's volume control until 
the LED blinks in unison with the incoming code elements. 
Keep the fader control aimed toward the bypass line for 
maximum bandwidth. As I mentioned earlier, this position 
is best for general tuning purposes - including listening 
to phone QSOs. Moving the fader slightly away from the 
broadest position reduces the bandwidth enough to filter 
out background noise and cut phone QRM. Turning the 
fader control to the sharpest position lets you copy CW 
signals in the noise, or through heavy interference. The 
filter's sharp skirts will amaze you. A signal tuned to the 
edge of the passband simply disappears. 

Acknowledgments 
Part of this filter's circuitry was adapted from an article 

written by David Jagerman, KC2FR.2 I'd also like to thank 
Jack Thompson, W20PE for his valuable assistance in 
building the first prototype. Q 
REFERENCES 
1. Don E. Hddrelh. WGNRW. "Graph~c F~lter Des~gn:' F~gure 2. Ham Radro. Aprll 1984. page 41 
2. Dav~d Jagerrnan. KC2FR. "The KC2FR ORM F~ghler. 0.71. July 1982. page 28 

",./ Crystals for many / -4 

applications 7- 

For over 40 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 computer 
database contains crystal 
parameters for thousands of 
equipment types. 

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

Can we solve your 
'Tr' crystal problem? 

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

International Crystal 
Manufacturing Co., Inc. 

PO Box 26330. 701 W Sher~dan. 
Oklahoma C ~ l y  OK 73126-0330 
Phone 14051 236-374 1 
Telex 747.147 
Facs~m~le  1405) 735-1904 
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TV TO 2-METER 
ANTENNA 

By Karen 0. Mclntyre, N4 FQO, 371 1 Gayle Avenue, 
Omaha, Nebraska 68123 

A s a very new ham, licensed for just a month, I found 
the idea of building a 2-meter antenna rather 
intimidating. However, my XYM (Ex-Young-Man) 

sa~d that if I wanted one, it was up to me to build it. Thus 
challenged, I set to work. 

I had originally planned a simple three-element beam, 
but because I find it impossible to keep anything simple, 
the antenna grew to five elements before I was out of the 
planning stage. It's an amazingly simple antenna to build 
- even for a rookie. All you need is three free hours, a 
scavenged TV antenna, some stainless steel hardware 
(nuts, bolts, flat and lockwashers, and two solder lugs), 
7 feet of RG-581U coax, a PL-259 coax connector, and a 
few strips of flat metal or wire (for the beta match). 

This is also an inexoensive antenna to build, though the 
actual cost will depe;ld on your scavenging ability.ln my 
case, it only cost me $3.00 for some hardware I couldn't 
find in my husband's junkboxes. I garnered my TV antenna 
by climbing up on our shed and unbolting an unused 
antenna abandoned by the previous owners. My husband 
realized he had created a monster when I dragged it into 
the dining room to begin work on my creation! The fruits 
of my labor are shown in Photo A. 

Selecting the antenna 

Disassembling the antenna 
Once you've rounded up the n/ antenna, the next step 

is to take it apart. Before you start taking the elements off 
the beam, look at Figure 1. It shows you the finished lengths 
of the elements and their spacing on the antenna. If possible, 
leave the first element (the longest one) of your TV antenna 
in place. This becomes the reflector of your antenna. Simply 
cut off the ends of the element to obtain the desired length 
(39" tip to tip). It doesn't matter if the element is attached 
to the boom with a metal bracket; all the elements except 
the driven element are grounded to the boom, anyway. 

Now remove the remaining elements from the TV 
antenna. Save all the brackets and hardware that you can 
and reuse it where possible during reassembly. You may 
have to drill out rivets to disassemble the TV antenna. Be 
careful not to damage the brackets when you do this, as 
they are hard to find and quite expensive. 

You can use almost any TV antenna of the Yagi or log- 
periodic type, provided that it's in fair-to-good condition. 
Insulate the driven element from the boom. Don't use a 
folded dipole without a matching transformer. 

Make sure the TV antenna you choose has at least 71" + -+ \\I 
of boom. Any excess length may be either left alone or cut 
off; it makes no difference in the performance of your i& 
antenna. You'll need to salvage five elements of about 40" 
each for the elements of your 2-meter antenna. Completed 2-meter antenna. (Dimenslons shown are for 146.50 MHz.) 
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ASTRON Irvine. CA 9271 8 

CORPORATION (7141458-7277 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Paver Supply OUTPUT VOLTAGE: 13.8 VDC + 0.05 volts 
from 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 

5 ' 4  X 19 X 8'1 
5'4 x 19 X 12"7 
5'6 X 19 X 12'1 

Volt and Amp Meters 

4 x 715 x 103!i 
4 X 7'2 X 10% 

Sw~lchable volt and Amp meter 
4'17 x 8 x 9 

Separate volt and Amp meters 
5 x 9 x 10'P 
5 x 11 x 11 

6 x  133r X 11 

4 X 7's~ X 1034 
4 x 7r7 x 1034 

4'12 X 8 X 9 
5 x 9 x  10',z 

'ICS-Intermittent Communication Service (50% Duty Cycle Smin. on 5 min. off) 
r /  110 



Assembling the antenna 
You now have a oile of salvaged elements and hardware, 

REFLECTOR 39" 

f 
DRIVEN ELEMENT 36' #I 

1st DIRECTOR 34.5" 5 1  
2nd #I DIRECTOR 34" 

3rd U j n  DIRECTOR 34" 

I LEGEND: 
GROUNDED TO BOOM 

8 INSULATED FROM BOOM. WITH BETA-MATCH 
U SECTION 

Driven element details. 

and a boom with one element attached. So far, so good. 
You're ready to put everything back together. If possible, 
use stainless steel hardware when reassembling your 
antenna; it's much more wear and corrosion resistant. 

The next element, the driven element, must be insulated 
from the boom as it is "hot." The TV antenna I used had 
plastic brackets attaching three of the elements, so I simply 
used one of those. If your antenna doesn't have any plastic 
brackets, rummage in the junkbox or make one out of a 
piece of plastic or LuciteTM. Measure 15" along the boom 
from the center of the reflector and drill a hole through the 
boom. Attach the plastic bracket to the boom, and any two 
element pieces to the bracket, with long stainless steel bolts, 
nuts, and lockwashers. Include two no. 10 stainless steel 
solder lugs when you affix the driven element, and tighten 
this piece just a bit fclr now. The solder lugs are used for 
connecting the coax line later. The beta match will also be 
attached at this point. Now cut this element to measure 36" 
total, tip to tip. 

The last three elements - the first, second, and third 
directors - are virtually identical. Refer to Figure 1 for 
spacing and element lengths. Simply drill a hole through 
the boom and mount a piece of element with stainless steel 
hardware and scavenged metal brackets. Then trim the ele- 
ments to the correct lengths. 

I think a few words are called for here regarding the 
accuracy of your measurements. Relax! Precision to the 
second and third decimal points isn't necessary, though the 
formulas in most antenna handbooks would seem to indicate 

ADJUST BETA-MATCH 

Two-meter antenna made from salvaged TV antenna, assembled and 
ready to mll. 
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ALL OUR PRODUCTS MAUt IN UY 

BARK?ER & WILLIAM(! ' Qualitv Communication Roducfr Slnca I I 

otherwise. Stay as close as you can to the recommended 
lengths, but remember that a slight variance of 118" or so 
here or there isn't going to ruin your antenna. After I had 
cut and attached all the elements, I discovered that my old 
and frayed tape measure gave a slightly different reading 
each time I measured the same piece of metal. My husband, 
responding to the wails of distress emanating from the din- 
ing room, assured this panic-stricken rookie that everything 
would be okay - but I didn't really believe him at this point. 

Matching network 
The last order of business is the construction of the beta 

match and coaxial balun shown in Figure 2. The beta match 
is nothing more than a U-shaped conductor bridging the 
gap across the driven element. I used some flat pieces of 
metal 112" wide by 118" thick scavenged from the n/ 
antenna and secured in a U shape 2-112" wide by 3-112" 
long. However you make the beta match, be sure that you 
can adjust its length (from 2-112" to 4-112'' overall) for the 
best VSWR. 

Now construct the coaxial balun as shown in Figure 2. 
Attach a PL-259 connector to one end of a 4' length of 
RG-581U coax. At the other end of this 4' length of coax, 
separate about 4" of shield and center conductor. Meas- 
ure back 36" from the point where the shield and center 
conductor divide, and expose about an inch of the shield 
by removing the outer insulation all the way around the 
coax. Cut another 36" piece of coax; solder one end of 
this to the exposed shield of the feedline and the other end 
to the center conductor (yes, center conductor!) of the feed- 
line. Cover all solder joints, braid, and the center conductor 
with tape or heatshrink tubing to keep moisture out and to 
keep the sun from cracking the exposed center insulation. 
Attach this completed feedline to the solder lugs on the 
driven element, tighten the hardware, and tape the cable 
securely to the boom. I know this sounds like one big short 
circuit, but it works! 
Adjusting the antenna 

Now it's time to test your craftsmanship. Attach the feed- 
line from your station to the PL-259 connector on the 
antenna feedline and check the VSWR. Through some 
blessed combination of skill and beginner's luck, my 
antenna came up at 1.2:1 VSWR at 146.97 MHz with very 
distinct front-to-back ratio the first time I tried it. (My XYM 
wanted to tinker with it, but I threatened him with bodily 
harm!) If you're not as fortunate, use the following steps to 
adjust the antenna: 

Adjust the driven element length for the lowest VSWR 
at your preferred operating frequency. 
Adjust the length of the U-shaped beta match until the 
VSWR at this frequency is minimum. You should have 
no trouble bringing it below 1.5:1. 
If you are a purist, repeat the two steps above, as there 
may be some iteration. 

Summary 
Mount your antenna any way you prefer. Now fire up the 

rig and have some fun! This antenna gives excellent per- 
formance, is lightweight, rugged, and has survived three 
Navy moves. It was a great confidence-building project for 
a rookie ham. Q 
BIBLIOGRAPHY 
1 Re ARRL Antenna Bwk, 14th Ed111on. ARRL. Newlngton. ConnecBcut. 1982, pages 11.5 lo 11.9 
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MAKING 
PRINTED CIRCUIT BOARDS 
Don't give in 
to perfboard 
just yet! 
By Dave Mascaro, WA3JUF; RD 1 60x467: Ottsville, 
Pennsylvania 18942 

T here are many ways to produce your own printed 
circuit boards. Small boards for DC switching circuits 
are easy to make because neither the size nor the 

shape of the copper foil traces is critical. Boards containing 
many digital ICs are considerably harder to lay out and etch. 
There are also some double-sided digital board designs with 
plated-through holes. These types of boards aren't repro- 
ducible and you're better off buying them from thegource. 

Many articles have been published on the use of stencils 
and rubyliths in conjunction with sensitized pc boards and 
light tables. These techniques are good for the more compli- 
cated boards or for making multiple boards. The process 
involves making a positive or negative artwork, exposing 
and developing the light sensitive board, and then etching 
the board. Most homebrewers don't have access to light 
tables, developing solutions, and darkroom facilities. I use 
light sensitive methods for many of my pc boards - mostly 
for digital IC boards or multiple boards of the same design. 
What follows are some pc board techniques you can use 
instead of these facilities. 

There are ways to produce RF microstrip and small DC 
pc boards in minutes without light tables, some without the 
etching process. Basically, there are four methods. Each 
method has its own variations, depending on the board 
material. 

X-ACTOTM knife method 
X-ACT0 etch method 
Drafting tape method 
Dremmel method 

These methods involve the use of an X-ACT0 knife and other 
procedures that require safety glasses or goggles. The tip 
of an X-ACT0 blade can snap off when used to cut copper 
foil. I purposely snap off a very small portion of each new 

blade before starting. This way I'm sure that the small blade 
tip will end up in the trash can and not on my workbench. 

X-ACT0 knife method 
This type of pc board construction can be used on stan- 

dard G-10 fiber glass board or TeflonTM dielectric boards. 
It involves cutting away strips of copper, leaving isolated 
pads to which components are soldered. This is a non-etch 
process for making pc boards quickly. A working project 
board can be compl'eted in a quarter of the time it takes 
to make just the pc board using light sensitive methods. 
A pencil soldering iron with a pointed tip is required. 

Figure 1 shows a small DC switching circuit to be made 
on G-10 board. Parts placement isn't critical on a simple 
non-RF board, and the parts layout can follow the schematic 
directly. Islands of copper are needed at all junctions of the 
individual components. Ground connections are common 
using the main copper foil portion of the board. 

Figure 2 shows the pc board layout for the circuit in 
Figure 1. Using a pencil, draw small rectangular pads on 
the copper foil for each component connection. Draw a 
second outline slightly larger than the first. This small strip 
of copper around each pad will be removed later. You can 
draw symbols for each component on the board to make 
layout easier and ensure correct spacing for leads. 

After drawing all tlie pads, mark and drill component 
mounting holes. Now, while wearing safety glasses, use the 
X-ACT0 knife to cut along the pencil lines. Use a straight 
edge if you wish. Heat up the small strips of copper by drag- 
ging the tip of your soldering iron back and forth along the 
strip. The copper foil will pull away from the fiber glass board 
easily. You can remove very narrow strips with the solder- 
ing iron tip. Make the strips just wide enough to isolate the 

Ham Radio/January 1990 27 



Simple DC switching circuit. 

you to remove long strips of copper for long rectangular 
pads. With this knife and a straight edge, you cut pads 
with 0.1-inch spacing to accomodate ICs, computer-type 
connectors, or header plugs. I made a board with seven 
ICs, two LED readouts, and three header plugs using the 
score knife. Making pads with IC spacing using this knife, 
in conjunction with some wire wrapping, is a simple way 
to make an otherwise complicated pc board. After cutting 
the board to the proper layout, drill component and IC holes 
and use steel wool to smooth out the knife cuts. 

You can use a double-sided pc board (copper foil on both 
sides) on larger boards with many grounding points. On 
double-sided boards, the non-etched or non-patterned side 
of the board is referred to as the ground plane side. All 
grounds are connected to the ground plane side of the 
board by holes drilled for each ground lead. Isolate the non- 
ground leads on the ground plane side of the board by 
clearing the holes with an oversized drill bit. Drill and clear 
all non-ground holes first to eliminate the confusion of which 

-PC  B O A R D  COPPER IS 
U S E D  FOR T H E  GROUND 
I N  T H I S  C l R C U l T  

Board layout showing pads made by mmovlng copper strips around 
each square uslng X-ACT0 knife methods. A "score knife" could 
also be used to cut away the copper, leaving the Isolated pads. 

pads. Wider foil strips can be tinned with solder first, then 
removed using the X-ACT0 knife along with the soldering 
tip. After all the pads are isolated from ground, use steel 
wool to smooth the board and remove any oxidation that 
would hinder soldering the components in place. 

You can remove copper to make mounting pads in another 
way - with a "score" knife. Roofing and siding people use 
this type of knife to cut aluminum siding. The blade makes 
a "V" cut in the aluminum, making it easy to bend and 
break. The blade will also cut a V-shaped groove in the fiber 
glass pc board. Using this knife is sometimes much easier 

a simple RF amplifier. A pc board fo; the amplifier with a 
50-ohm microstrip is shown in Figure 4. This board can be 
produced using the X-ACT0 knife method because all lines 
are straight. Basically, you need remove only two strips of 
copper. A working amplifier of this type can be completed 
in 15 minutes using X-ACT0 etch. 

The copper on a Teflon pc board won't peel when heated 
with a soldering iron as it does on G-10 board. Peel off the 
copper using the knife and good needle nose pliers. After 
drawing the design on the board with a pencil, cut along 
the lines with the knife. Cut just deep enough to go through 
the copper foil. Now use the X-ACT0 knife and needle nose 
pliers to pull up the foil strips. After doing a few boards 
this way, you'll learn to remove the foil without cutting 
into the Teflon dielectric. Use other techniques for more 
complicated boards. 

An X-ACT0 knife is all you need to make microstrip-type 
boardson Epsilam 10-type board material (dielectricconstant 
of 10). You can cut the foil with the knife and peel it off with 
a small pair of needle nose pliers. It's easy to remove the 
copper foil from this type of board material. 

X-ACT0 etch method 
This process is used for making microstrip-type pc boards. 

The technique takes little time, doesn't require photo-type 
artwork, and eliminates the exposure/developing processes. 
With X-ACT0 etch, you prepare your pc board for etch~ng 
by cutting "clear tape resist" to the desired pattern with an 
X-ACT0 knife. You can purchase clear tape on a 4-inch wide 
roll at most stationery stores. Although light sensitive 
methods would normally be used for producing multiple 
boards, I often use X-ACT0 etch because it's faster. It takes 
less time to X-ACT0 etch two or three boards than it does 
to use light sensitive methods. Making the rubylith artwork 
for light sensitive methods can be very time consuming. 

Select a pc board of the proper size. You must use 
double-sided board for all microstrip designs. Draw the 
desired pattern on the board with a pencil and straight 
edge. You can use a dial caliper to accurately lay out a 
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Drafting tape method 

, w ~ e F  n u ~ w r  

RF ~NPU~D C H I P  C A P  

C n l P  C A P  

1 I 

RF amplifier using 50-ohm microstrip. 

Layout of RF amplifier showing two strips of copper to be removed 
with an X-ACT0 knlfe to produce a microstrip pc board. Cut away 
copper to mount DC blocklng chip caps C1 and C2. 

design from full scale artwork in a magazine. Most micro- 
strip designs have trimmer capacitors for optimization, 
anyway. 

Cover both sides of the board with clear tape. Cut the 
tape along the penciled lines, using a straight edge as 
needed. Remove the tape where the copper is to be 
etched. The remaining tape will serve as the resist for etch- 
ing the board. Press the resist tape firmly to the board to 
reduce the "under etching" effects of the ferric chloride. 
You can add any additional pads to the board later with 
pieces of tape. Etch the board and remove the resist tape. 
Clean the board with steel wool and trim to size if necessary. 

Another variation of X-ACT0 etch involves using a photo- 
copy of the full-scale artwork as a pattern from which to 
cut the tape resist. Attach the board to the reverse side of 
the photocopy with tape. Cut the resist tape with your knife, 
following the artwork copy. You may find this technique 
difficult to use on some designs because, depending on 
the number of cuts, the artwork copy will fall apart before 
the last cuts are made. The last few cuts can usually be 
made by taking measurements with a dial caliper. After the 
tape pattern is cut, continue by using the procedures men- 
tioned earlier. 

You can make many DC switching and small IC projects 
on single-sided pc boards with this technique. Drafting 
supplies for making light table artworks are used as the 
actual resist for etching a board. Drafting tapes are avail- 
able in many different widths. "Donuts" and other pad 
shapes are used to mark drill holes. Transistor and IC 
patterns are also available. Use clear tape to make your own 
special patterns. Then use these patterns in conjunction 
with drafting tapes to create circuit resist patterns on the 
copper side of the board. 

Press the patterns and tape lines to the board firmly. 
Some under etching will occur, but this isn't a problem on 
DC-type boards. Making the lines a little wider initially will 
help. Now etch the board, remove the resist tape, and clean 
the board wih steel wool. 

Dremmel method 
A dremmel tool or small drill press can be used to cut 

away the copper foil to produce small pads of copper on 
G-10 fiber glass board. Instead of using the X-ACT0 knife 
and soldering iron, use a small dremmel bit to cut isolating 
pads on the board. You can do this freehand on boards 
that don't require a neat appearance. 

I use small dental drills in a drill press to cut some of my 
boards. The worktable is raised up close to the drill bit and 
set so the bit cuts orily through the copper foil. Mark the 
copper side of the board with a pencil. Move the pc board 
along the worktable, .lollowing the penciled lines. A straight 
edge clamped to the worktable acts as a guide, letting you 
make straight cuts on the pc board. 

Etching boards 
You can etch boards in several ways. The easiest method 

is to use a spray etching tank. If you don't have access to 
a tank, the method that follows can be used for basement 
or garage etching. Conventional methods involving plastic 
trays with agitating rnotors and heat lamps work too. 

Place the board to be etched in a Tupperwarea or other 
sealed plastic container with sufficient etching solution. 
Ferric chloride works best at higher temperatures. The 
etching solution should be less than half the volume of the 
container to allow for air expansion. Put the plastic container 
in a bucket of hot water and agitate until the board is etched. 

Another etching container that works well is the ceramic 
"crock pot." I got the idea of using the crock pot from Phil, 
WA3NUF. Pour about 1 inch of ferric chloride into the pot. 
Put your board in the pot and replace the cover. Set on the 
low heat position. Your board will be done in 30 minutes. 
You can etch several small boards at the same time, pro- 
viding they aren't stacked on top of each other. The ferric 
chloride fumes stay in the pot; this is an advantage over 
using a plastic tray for etching. This type of etching can 
be used for all resist methods. Even in the high heat position, 
the clear tape resist works just fine. 

Conclusion 
I hope these metholds will encourage you to build projects 

requiring a pc board. A double-sided board with plated- 
through holes is nice, but isn't always necessary. Next time 
you think about a perfboard project, try it on a pc board 
using the X-ACT0 knife method. I think you'll find it's easier. 
Rm 
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Bill Or( W6SAI 

ANTENNA GAIN 
Antenna gain is nice. Those who have 
it are louder on the air than those who 
don't. It's as simple as that. Antenna 
gain costs money and takes up space. 
Antenna gain, much like "music 
power" in a stereo amplifier, is a con- 
cept that brought joy to the believers 
in the hard sell technique. Antenna 
gain advertisements touted bigger and 
better gain figures that stretched the 
imagination and glazed the eyes of the 
innocent. 

A decade or so ago, the "gain wars" 
between antenna manufacturers grew 
so intense that the gain figures given 
in antenna advertisements were no 
longer accepted in some Amateur 
magazines. Things have calmed down 
now, and sophisticated hams have a 
pretty good idea of the gain available 
from various antennas. They also know 
the expressions that define the gain. 

Expressing antenna gain 
reference in dBi and dBd 

For the record, accepted expres- 
sions of antenna gain reference either 
an isotropic radiator or a comparison 
dipole. The isotropic radiator is a the- 
oretical antenna that radiates equally 
well in all directions. This concept can 
be illustrated by a tiny light bulb placed 
at the center of a large sphere. The 
bulb illuminates the interior of the 
sphere equally at all points (Figure 1). 
Antenna gain in decibels referenced to 
an isotropic radiator isexpressed asdBi. 

A real-life antenna has some degree 
of directivityand, if placed in thecenter 
sf a large sphere, illuminates certain 
portions better than others. That is, the 
antenna radiates energy better in cer- 
tain directions. The simple dipole has 
maximum radiation at right angles to 
the wire and minimum radiation off the 
ends. Antenna gain in decibels refer- 
enced to a dipole is expressed as dBd. 

If the same amount of energy is radi- 
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An isotropic radiator is simulated by a tiny 
light bulb placed at the center of a large 
sphere. The bulb illuminates the interior of 
the sphere equally at all points. 

ated by the dipole as by the isotropuc 
radiator, the energy in the direction of 
maximum radiation of the dipole is 
about 2.14 dB greater than that of the 
isotropic antenna. So it can be said 
that a d~pole has a power gain of 2.14 
dB in the direction of the main lobes 
over an isotropic radiator. 

All of this supposes that the isotropic 
radiator and dipole are in free space. 
What happens when an antenna is 
placed in proximity to the earth? 

The effect of the earth 
on antenna gain 

The best way to visualize the 
antenna near earth is to cut the sphere 
of measurement in half horizontally 
and substitute a conducting metal 
plate for the missing portion (Figure 2). 
Now, only half of the original sphere is 
illuminated. The other half is 
represented by the ground plate. 
Assume a horizontal half-wave dipole 
is placed at the center point of the 
sphere. The direct and reflected waves 
are in phase, or additive. f3ecause the 
same amount of power is radiated in 
half the volume, the field is doubled - 
or increased by 3 dB. In addition, if the 
ground plane is smooth and a perfect 
conductor, ground reflection adds 
another 3 dB. Thus, a dipole in a "near 
earth" situation can have up to 6-dB 
gain over the antenna in free space.1.2 

Note that I said "up to." Maximum 
ground reflection gain occurs in line 
with the direction of maximum radia- 
tion. Cancellation of gain occurs at 
other angles above the horizon. Limit- 
ing cases are either 6 dB greater than 
the free space value, or zero. The result 
is the well-known radiation pattern 
shown in Figure 3. 

The reflection gain figure can be less 
than the theoretical value if ground 
conductivity is poor. Grol~nd conduc- 
tivity studies have been made since 
the early days of broadcasting, and the 
values in the United States are well 
known.3 Conductivity is expressed in 
siemens (or millisiemen:;) per meter. 
The dielectric constant is also given 
(see Table 1 in Reference 3). 

There's a computer program* avail- 
able that lets you examine reflection 
gain as a function of ground conduc- 
tivity (Figure 4). In an isrea of high 
ground conductivity, the reflection gain 
for a dipole is better than 6 dB over the 
free space value. As ground conduc- 
tivity and dielectric constant decrease, 
the reflection gain decreases. In the 

'MN Antenna Analysis, Br~an Beezley. K6STI. 507 112 Taylor 
V~sta. Cal~forn~a 92084 
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The effect of ground is simulated by placing the antenna over ground plane. Because the 
same amount of power is radiated in half the sphere volume, the radiated field is doubled. 
Ground reflection depends upon ground conductivity and can increase the field by up to 
3 dB in line with maximum radiation. 

exam~le shown, the d i~o le  loses 
nearli 3 dB in reflection 'gain when 
going from an area of high ground 

I I reflection to an area of poor reflection. 

FREE SPACE 
H =  A/2 PATTERN 

I GROUND 
/ \ / / ,  / / / I  

Ground modifies the free space pattern. 
This shows a half-wave dipole 112 
wavelength above ground. Six dB gain is 
added when antenna is above perfect 
ground, as compared with free space. 

Enter the computer 
The conventional dBi and dBd gain 

figures are well known, but the picture 
has been clouded recently by 
computer-derived antenna programs 
that automatically add up to 6-dB 
ground reflection gain to the results - 
depending on the value of ground 
conductivity you enter into the pro- 
gram. This is producing eye-popping 
gain figures for even rather simple 
antennas. A casual observer might 
jump to the tantalizing conclusion that 
a dipole is indeed a "gain" antenna. 
After all, it has up to 6 dB of ground 
reflection gain, doesn't it? 

Thus, there are four valid ways of 
referencing antenna gain: (1) in free 
space, referenced to an isotropic radi- 

DIPOLE H =  A/2  

HIGH- GROUND CONDUCTIVITY (mS/m) -LOW 

As ground conductivity decreases, ground reflection gain also decreases. 

ator; (2) in free space, referenced to a 
dipole; (3) in proximity to the earth, 
referenced to an isotropic radiator. (4) 
in proximity to the earth, referenced to 
a dipole. 

Comparing apples 
and oranges 

Everything seems simple enough, 
up to this point. But the possibility 
exists that some antenna manufac- 
turers will claim inflated gain figures. 
The opportunity to tout reflection gain 
can be irresistible. All's well if everyone 
uses the same ruler for gain compari- 
son. I've noticed, however, that one 
antenna manufacturer has latched 
onto the ground reflection concept and 
is boasting antenna gain figures based 
on earth proximity, referenced to an 
isotropic radiator. His data sheet 
doesn't mention any definition of the 
gain reference. 

More and more computer-designed 
antennas are being publicized, and it's 
common to see antenna gain figures 
based upon earth reflection.4 Once the 
concept of reflection gain and ground 
conductivity are well known, and 
ar~tenna gain figures are properly refer- 
enced, the computer-derived gain 
figuresfall into their proper perspective. 

Halyard replacement 
I have a bi-square loop antennas 

supported by a halyard passing over 
a pulley that hangs from a yardarm 
near the top of my tower. The rope was 
quite frayed and I wanted to replace 
it before it broke. I knew that if it did 
break, it would run through the pulley, 
and I would have to climb the tower 
and hang by my heels to get a replace- 
ment rope through. Because fear sets 
in if I go more than 10 feet above the 
ground, thiswasan unpleasantthought! 

How was I going to get a replace- 
ment rope through the pulley from 
ground level? That was the puzzle. I 
couldn't splice the new rope to the old 
and pull it through the eye of the pulley. 
There was no room for that! I had for- 
gotten long ago the tricky knots that 
earned me a Scout merit badge. 
Finally, I had a brainstorm! I could use 
heatshrink tubing to splice the rope 
ends together! I placed the end of the 
old rope in one end of a foot-long sec- 
tion of heatshrink tubing; the new rope 
went in the other end. I used safety 
rr~atches to shrink the tubing. The two 
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BLACK DACRONm POLYESTER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE 8 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 DACRONW 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqulrles Invited 

"'..<. """. 
2472EASTMANAVE. BUlLMNGl 

s y n t h e t i c  VENTUAA CALIFORNIA 93003 
tex t i les , inc .  (805) 658-'7903 

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

Safe OPT0 Isolated output Built-~n s~de tone 
2% speaker Battery or DC powered Pos~tlve 

key~ng to 30 volts max Un~que "POWERILOGIC" 
LED One Year Ace Systems Warranty - - CALL TO ORDER - (8 1 4) 965-5937 

RD # 1 Box 83, W~lcox, PA 15870 

Electmnia KJI Elsctmnla 
Mldlw%mtmnlcs Oklahoma Camm Center 

'Conllnental U S Ohly PA Residents Add 6% Sale8 Tax 

ITOWEUS TELESCOPING CmWKu* 
GUYEO svarl UP 

by ALUMA TILT.OVERS 
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A cottt >lete facsirttile recept ion systertt 1 for t h e i l ) ~ ~  I'C o r  Cornn:ttal,le. Reccives 
up to 1 6  intensity levels.- 
Incl~tcies: 

~ernndulator 80 Page Manual 
Software l'utor~al Caswtte 
Frequency List Interpretation Guide 

Features: 
Print on Epson, qr HP Laser Jet 
Disk Save, Zoomtng, Image processing 
Unattended Imaee Ca~ture and much more 

ropes were firmly connected and the 
splice slid easily through the pulley! 
Q.E.D. 

The dual quad 
loop antenna 

A single, vertical quad loop makes 
an effective antenna. It has the radia- 
tion pattern of a dipole and provides 
an additional gain of approximately 1.2 
dB. The quad loop has a very broad 
band response and a feedpoint 
impedance of about 120 ohms. Place 
two of these loops in phase and feed 
them at the common point, and you 
have Jeff O'Connell's, K4BLT, dual 
quad loop antenna. 

Jeff's antenna is cut for the 12-meter 
band. It's suspended from a branch of 
a pine tree (Figure 5). Two oak 
spreaders 1-114 inch square and 14 
feet long form the diamonds. The pat- 
tern is bidirectional and the gain is esti- 
mated to be about 3.5 dBd. Polarization 
is horizontal. 

A n t e n n a  is fed a t  F-F w i t h  coax l ine. Llne is 
wound into fou r - t u rn  RF c h o k e  at feedpoint. 



The antenna is fed at the center with I 

wound into an RF choke at the feed- 
point. The choke consists of four turns 
of coax 5 inches in diameter. This helps 
keep RF off the outer shield. Bring the 
line down the middle of the array, as 
shown. 

The K4COF dragonfly effect 
Phil Elrod, K4COF, reportsapuuling 

effect he noticed on a dipole antenna 
when he was stationed in Japan. He 
says that he saw dragonflies sitting on 
the antenna, all facing in the same 
direction. Each time the transmitter 
was keyed, the dragonflies would 
instantly leap off the antenna and 
hover in the air. When the transmitter 
was unkeyed, the insects would return 
to the wire! He said the dipole was fed 
directly with coax; no balun was used. 
The hopping insects were mainly on 
the dipole half connected to the cen- 
ter conductor of the coax! 

It occurs to me that dragonflies 
might be good, cheap indicators of 
antenna balance. They might even be 
more effective than an SWR meter! 
However, there aren't many dragonflies 
in northern California. How about 
hummingbirds or killer bees? Do you 
suppose Phil is pulling my leg? 

The "Dead Band" Quiz 
K4COF also supplies this month's 

quiz. (He doesn't supply the answer 
because he doesn't know it!) The ques- 
tion is: At 4:00 and 8:00 o'clock the 
clock's minute and hour hands form a 
120-degree angle. Is there a time at 
which the hour, minute, and second 
hands form three simultaneous 120- 
degree angles? If you know the solu- 
tion, and can prove it, drop me a note 
at Box 7508, Menlo Park, California 
94025. Phil will get his answer when he 
reads this column. 

Coming next month: results of the 
"snowplow" quiz! Q 
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I Now it's easv to add a multi-band remote 
I 

I to your repeater. 
Your repeater can  now link to any 
frequency on u p  to six bands with 
ACC's new interface to the ICOM 
IC-900/901 FM Mobile band units. 

Our unique FC-900 Interface con- 
nects your ACC repeater controller to 
the lCOM band units (the lCOM nber 
optic controller and interface aren't 
needed). Add new bands to your 
system by Just  adding band units. 
And best of all - everything just plugs 
together1 

If you've built remotes before. you'll 
appreciate the simplicity - and the 
performance. If you haven't, now is 

the time to add a new remote base or 
linking system to your repeater. 

Extend the range of your repeater. 
link to other repeaters for emergency 
and public service activities. and 
benefit from the elevation of your 
repeater site for all bands. From ten 
meter DX to 1200 Mt1z IinkJng - and 
evervthine In between. < ., 
ACC pioneered frequency agile 
remotes and Hnks on repeaters years 
ago. Now we've made it easy. One 
more reason that ACC is  the right 
choice for your repeater system. 

So stack the deck in your favor and 

QCC advanced write or call for more infopation 

computer  
on Lhe FC-900 Interface. 

controls, inc. 

2356 Walsh Avenue, Santa Clara, CA 95051 (408) 727-33 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

AM''???& since ,963 

12033 Otsego Street, North Hollywood, Calif. 91607 
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TRANSMISSION LINES 

"Plumber's delight" 
antenna feed system 

By Ernie Franke, WA2EW7; 10484 138th Street N., simplest matching section is aquarter-wave transmission line 
Largo, Fiorida 34644 and Judd Sheets, WA4BUS, (commonly referred to as a Q matching section), with an 
6926 10th Avenue N., St. Petersburg, Florida 33710 impedance equal to the square root of the product of the 

source and load impedances: 

C opper pipe offers a mysterious attraction to the 
VHFIUHF enthusiast. When he comes across a large 
diameter piece of tubing in a scrap yard, he has a 

compelling desire to store it away in anticipation of building 
a cavity. 

The tables in this article show the impedances obtainable 
when using copper pipe from a plumbing store. You may find 
them helpful in determining how to use these pipes to form 
coaxial TEM structures. Copper pipe has been used for coax- 
ial transmission lines,' antenna power dividers,*coaxialfilters,3 
cavity duplexers,4,5 and baluns.6 By considering the best 
impedance for achieving the lowest loss, you can design 
these structures for the highest Q and minimum loss. 

The design of a transmission line or a coaxial cavity is set 
by the maximum allowable inside diameter of the outer con- 
ductor (D), as shown in Figure 1. Once you have this dimen- 
sion, calculate the impedance using the outer-to-inner con- 
ductor D/d diameter ratio. The characteristic impedance (Z) 
of a coaxial line is given by: 

where is the relative dielectric constant and d is the inner 
conductor outside diameter (OD), given in the same unit of 
measure as the outer conductor. The relative dielectric con- 
stant for air is extremely close to 1. The impedances for vari- 
ous tubing diameter ratiosfor copper pipe are shown in Table 
1. We've listed various combinations of inner and outer con- 
ductors to provide a wide impedance selection for any given 
outer diameter. Impedance selection is especially useful for 
impedance matching. An impedance-matching section is 
used frequently in an antenna-phasing harness to match the 
transmission line impedance to each antenna in an array. The 

Copper tubing is classified in accordance with the wall 
thickness, which is based on the required service - asshown 
in Table 2. Household plumbing codes usually require type 
L pipe. For heating systems, where the same water is recircu- 
lated through baseboard heaters, thinner wall type M pipe is 
acceptable. The outside diameter (OD) of copper tubing is 
always 118" greater than the nominal size. For instance, the 
chart in Table 1 shows that 114" tubing hasan OD of 318" and 

D =  INSIDE DIAMETER OF 
OUTER CONDUCTOR 

d =  OUTSIDE INNER CONDUCTOR DIAMETER OF 

THE IMPEDANCE OF A COAXIAL CABLE 
IS A FUNCTION OF THE CONDUCTOR 
DIAMETERS 

Anatomy of a tranwnission line. D = inside diameter of outer con- 
ductor; d = outside diameter of inner conductor. The impedance 
of a coaxial cable is a function of the conductor diameters. 
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Food for thought. 
Our new Universal Tone Encoder lends its versatility 
to all tastes. The rnenu includes all CTCSS, as well 
;is Burst Tones. Touch Tones. and Test Tones. No 
counter or test equipment required to set frequency- 
just dial it in. While traveling, use i t  on your Amateur 
transceiver to ~ I C C ~ S S  tone operated systems. or in 
your service vitn to check out your customers' re- 
peaters; also, as a piece of test equipment to motluli~te 
vour Service Monitor or signal generator. I t  can even 
operate off' an internal nine volt battery. and is availiible 
for one day delivery. backed by our one year warranty. 

All tones in Group A and Group B are included. 
Output level flat to within 1.5dh over entire rlrngc selected. 
Separate level adjust pots and output conncctions for each 
tone Group. 
Irnniune to RF 
Powered by 6-3Ovdc. unregulated at 8 ma. 
Low irnpctlancc, low distortion. adjust:thlc sinewavc 
output, 5v pcak-to-peak 
Inhlant >tar!-up. 
Off position for no tone output. 
Reverse polarity protection built-in. 

Croup A 
67.0 XZ  91.5 ZI. 156.7 SA 
71.9 XA 94.8 ZA  123.0 31. 
74.4 WA 97.4 %B 127.3 3A 167.9 62 
77.0 XR 100.0 12 131.8 3B 173.8 6A 
79.7 SP 103.5 I A  136.5 4% 179.9 6B 
82.5 YZ  107.2 18 141.3 4A 186.2 7% 
85.4 YA 110.9 2% 192.8 7A 

114.R 2A I S 1  4 5 %  ?m S M I  

Frequency accuracy. + . I Hz maximum - 40°C to + 85°C 
Frequencies to 250 Hz available on special order 
Continuous tone 

Group B 

697 1209 1600 1850 2lS0 2400 
770 1336 1650 I W )  2200 2450 

I500 852 1477 1700 1950 2250 2.500 
2175 941 1633 1750 2(MM) 2300 2550 

Frequency accuracy. + 1 H z  maximum - 40°C to + 85°C 
 one lenith appro~imately 300 ms. May he lengthened, 
shonenetl or eliminated by changing value of resistor 

Model TE-64 $79.95 

41h We\t Taft Avenue. Orange, Califomla 92h67 
(800) 854-0547/ Calrforn~a: ( 7  14) 998-3132 1 



CALL FOR ORDERS 
1 (800) 231-3057 
1 (713) 520-7300 or 
1 (713) 520-0550 

TEXAS ORDERS CALL COLLECT. 
ALL ITEMS ARE GUARANTEED 
OR SALES PRICE REFUNDED. 

C 1 (713) 358-0051 
. . . . . . . . . . . .  - Amp~re VHF. UHF GaAsFET preamps .Call 

. . . . . . . . . . . . . .  831SP-PL259 S~lverplale (Amphend) 1.50 
I 

82 6 1 N Male (Amphenol) 3 50 
82 202 1006 N Male (99 13) 350 

UG 176 RG8X 
New lrnm IC 781 Surolus Elbow PL259S0239 each each 51 40 1 
~enw&d THZI 5A TH25AT ~ e c e l v l n ~  tubes 50-900/0off lhsl prlce 
TS440 SlAT STUPH 
New Kenwood TM 731A. mob~le RF Amp Meters 
ICOM 228HITTM 25 pFllOKV Doorknobcap 99 00 

TS 790A Superlor 2 Meter 70 cm Rlq. 
1.2 GHz Opl~on Ava~lable Call 
BW VS300A . . .  . . . .  9900 
Penla 61466 . . . . . . . . . . . . .  14.95 
Penla 5726 . . . . . . . . . . . . .  . ..79 00 

Throat Mlke (new md surplus) 5 00 
ANBH-1 600 Headphones (new m11 surplus) 5 00 
New Demo Unvts tor Sale 
Kenwood R 5000 849 00 
GGTE Morse Tulcf 18 00 

USED EOUIPMENT 
All equlprnent, used, clean. w~lh 90 day warranty and 30 
day lr~al Stx monlhs full trade agatnst new equlpmenr Sale 
prlce refunded rf no1 sal~st~ed 

(800) 231.3057 --. .-.-a 

Larsen 2 meter on glass 49 95 
Anleco2M 518 Mag Mount Comp 

Penta 3 5002 
leom 765 Call for lrade 

Kenwood MC.GOA + Hell HC 44 00 
lcom IC 725 Call 

NYE MB5A Tuner 3 95 up CALL 

Alpha Della Trans~trap HV Call 

WIN AN ICOM 1275, 
OR AEA FS430! 

OR ONE OF 
SEVERAL OTHER PRIZES! 

Your home video about any aspect 
of Ham Radio could win ! 

Enter the WWATSIATVQ 
Ham Video Contest. 

For rules and entry form send SASE to: 
WWATSIATVQ Video Contest 

1545 Lee Street, #73 
Des Plaines, lL 60018 

Entry deadline March 1, 1990. Enter today. 

Contest sponsored by Western Washington 
ATV Society and Amateur Television Quarterly 
Magazine. Winners announced at Dayton 1990. 

1990 HAM CALENDARS 
ORDER YOUR'S NOW 

Ham the year away with your own copy 
of the 1990 Amateur Radio Operator 
Calendar and Operating Aid. 

Looks great in your shack. Keep up-to- 
date on all the important Amateur Radio 
events from contests, meteor shower, 
phases of the Moon, CQ and ITU zones, 
prefix and zone multiplier lists, USSR 
Oblast list, plus much, much more. 

You also get a special four page 
commemorative insert on Edward H. 
Armstrong. Includes rare photos. 
Calendar covers through February 1991. 
$10.95 (plus $3.75 shipping and handling) ""a' a. 7 .  - 

HAM RADIO'S BOOKSrORE 6. 
GREENVILLE, NH 03048 

r. 

CALL (603) 878-1441 k4 -8  
i 

m * 

~ ~ ~ ~ I I I I I I I ~ I ~ I ~ ~ I ~ ~  
FAX (603) 878-1 951 

I 
[W] w 

11 



I 

Characteristic impedance of rigid air line using large copper pipe. (Impedance values given in ohms.) 

Copper tubing classified by wall thickness and required 
service. 

Type Wall thickness Serv~ce 
K Heav~est wall Underground 
L Med~um wall General plumblng and heat- 

Ing 
M Th~n wall San~tary dra~nage and heat- 

"% 
DWV Th~nnest wall Dramage, waste, vent 

2-112" tubing has an OD of 2-518". The outside diameter of 
copper tubing must always be constant for any type within a 
nominal pipesize(in:spiteof wall thicknessvariation:s), so that 
solder fittings will be common to each type of tubing. 

When you use copper pipe with less than 1"' outside 
diameter, it's desirable to use brass tubing for the inner con- 
ductor. Lookfor it in local hobby shops. Thevaluesof imped- 
ance are shown in liable 3. 

As the outside diameter of a coaxial line is increased, the 
attenuation decreases. There is, however, a limit to the allow- 
able pipe size that can be used for the outer conductor. The 
minimum attenuation point7 of a coaxial transmission line 
occurs at an outer-to-inner conductor diameter Dld ratio of 
3.591, which is 76.6 oihmsfor an air line. Because the attentu- 
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NER CONDUCTOR (BRASS) 
5116" 11/32" 318' 13/32" 7116"15/32' 112' 17/32 911 6" 19/32" 518 
0,3131 0.344 10,3711 0406 (0.138! 0469j0.50~ O.531]0.163!0 594 106:d 

I B = Brass K. L. M, DWV = Copper I 
Characteristic impedance of rigid line using brass center conductor tubing. (Impedance values given in ohms.) 

ation function is a broad one (see Figure 2), the attenutation 
aoes uo bv a factor of onlv 112 Dercent at Dld ratios of 3.2 
@'=69.7 ohms) and 4.1 (2L84.6 bhms). Thus the conductor 
diameter ratios need not be exact. The relative attentuation 
increases by only 5 percent at widely varying Dld ratios of 2.6 
(Z=57.3 ohms) and 5.2 (Z=98.8 ohms). The best impedances 
of several criteria for coaxial line are given in Table 4, where 
the minimum attentuation and maximum power are shown for 
copper pipe using air as a dielectric. 

After consulting these impedance tables, you can quickly 
sort through your junkbox for the pipe diameter closest to opti- 
mum. For example, the 2-meter cavity duplexers constructed 
by John Bilodeau4and duplicated by Stewart Gurske5 used 
4" type DWV copper drain pipe with a 1-318" OD copper tube 
(a 1-114rr size copper pipe has an outside diameter of 1-318") 
as the center conductor. Dave Baxters constructed a single 
cavity filter for his 2-meter repeater receiver using the same 
conductor ratlo. The cavity's Q could be improved with the 
identical 4" pipe by simply dropping down to a 1" nomlnal 
diameter copper pipe for the center conductor. According to 
Table 1, thecharacteristic impedance using a 1 copper pipe 
center conductor is 76 ohms. This is approximately the mini- 
mum attenuation polnt for a coaxial structure. The impedance 
of a coaxial line with a 1-114" center conductor is approxi- 
mately 64 ohms. The relative loss for an impedance of 64 
ohms isabout 2 percent higher than that of the theoretical opti- 
mum value of 76.6 ohms. The unloaded Q of acopper quarter- 
wave coaxial cavity, designed for an optimum impedance of 
76 ohms, is approximated as: 

I IMPEDANCE IN  AIR (OHMS) I 
The attenuation, breakdown voltage, and power handling capabil- 
ity for rigid lines is a function of the Dld ratio. 

1 Optimized air li17e copper transmission line parameters. I 
Cable parameter Conductor ratio Charactteristic 

(Did) impedance 
M~nimum attenuat~on 3.591 76.6 ohm 
Maximum voltage 2.718 599 ohm 
Max~mum power 1.649 300 ohm 
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Relative c o n d u c t i v i t y  of commonly available m a t e r i a l .  

Metal Relative C o n d u c t i v i t y  

S ~ l v e r  1 03 
C o p p e r  1 00 
Gold 0 84 
Alum~num 0 78 
B r a s s  0.48 

Commerc~al r~gld a l r  ltne c o p p e r  t r a n s m ~ s s l o n  llne d~men- 
.s~ons (ln Inches) 

N o m t n a l  ng~d Inner conductor Outer conductor 
cable stze OD ID OD ID 
718 ~nch (50 ohm) 0341 0291 0875 0785 
1518 I n c h  (50 ohm) 0664 0588 1 625 1 527 
3-118 I n c h  (50 o h m )  1 315 1 231 3 125 3027 
6-118 I n c h  (50 o h m )  2 600 2 520 6 125 5981 
6-118 I n c h  (75 o h m )  1 711 1 631 6 125 5981 

- 

your local ( gils contact I For further deti 

ORION P.O. Box 9577 
Canoga Park, CA 91309 

BUSINESS Tel: (818) 888-4927 
Fax: (818) 888-5112 

INTERNATIONAL, I NC. Telex: 697-4899 
TM 

where D is the inside diameter of the outer conductor in inches 
and f is the operating frequency in megahertz. If you use other 
materials, the unloaded Q will vary in direct proportion to the 
relative resistivity of the metal, asshown in Table 5. Therefore, 
a brass coaxial cavity will have about one-half theQ of a simi- 
lar copper cavity. A silver-plated cavity will show a 3 percent 
increase in unloaded Q. 

Large, rigid coaxial transmission lines used for high-power 
radio and television stations are generally designed with 50- 
ohm air line. You must pressurize the linesslightly with dry air 
or nitrogen to prevent moisture condensation. This imped- 
ance is a compromise value between power handling capa- 
bility, voltage breakdown, and attenuation. The attenuation 
is about 10 percent higher than that of a transmission line with 
a minimum attenuation impedance of 76.6 ohms. Verify this 
by checking radio1TV transmitter rigid air line catalogs for 6- 
118" commercial transmission line, where the line is fabricated 
for both 50 and 75 ohms. Table 6 lists the sizes of the copper 
pipe used in these installations in case you want to duplicate 
a high-power, low-loss installation. The 718" commercial air 
line uses common 314" type L copper tubing for the other con- 

Please send all reader Inquiries dlrectly 

I Every month Mon~toring Times brings 
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. Monitorina 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on rnonitor- 

I ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 
facsimile and spacecommunications. 

ORDER 'YOUR SUBSCRIP- 
TION TODAY before another issue 
goes by. In the US., 1 year, $18; 
foreign and Canada, 1 year, $26. For 

ductor; the 1-518" rigid line uses 1-112" type M copper 
tubing. Q 

a sample issue, send $2(foreign, send 
5 IRCs). For MCNISA orders ($15 REFERENCES 

1 H N Sanlord VK4ZT Construct~ng Low lossCoax~alTransm~s~~on L~ne  CO September 1970 
paqes 49 52 
7 Grorq~Cnaney WSJTL E xlendedlExpanded Power D~v~ders Ham Radro October 1964 paqes 
73 76 

I minimum), call 1-704-837-9200. 

3 Lorry Levy WAPINM 2 Meter Beer Can Cavll~es 73 May 1965 pages40 42 
4 JohnJ Dilnri~au WlCAN AI lornPmadeDuplererIor 2 Meter Rcpeatcrs OST July 1972 "d4e, 
79 ZR -- - -  
5 J Slewarl Gurske K9EYY A Home Brewed SIX Cavlty Duplexer Ham Rad~o February 1985 
pages 12 27 
6 Kenneth E Holladay K6HCP and Donald E Farwell WA6GYD Impedance Malch~ng Balun 
The Radro Amareurs VHF Manual Aprll 1965 pages 190 191 
7 T Moreno Mrcrowave Tlan~rn~csron Oesrgn Data Dover Publ~cal~ons N w  York 1948 pages63 68 
8 Owe Baxler WSKPZ Two Meter Repealer 73 September 1966 paqes 58 63 

P.O. Box 98 A 
Brasstown, N.C. 28902 
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PROGRAMMER 

By George Swindell, JL, WA21HE, 538 Griscom 
Drive, Deptford, New Jersey 08096 

A nyone who deals with computerized equipment 
will, sooner or later, come up against Read Only 
Memory (ROM) ICs. Nowadays, Electrically- 

Erasable Programmable Read-Only Memory (EEPROM) is 
replacing the older Ultra Violet-Erasable Programable Read- 
Only Memory (EPROM) and many of the new ICs are "drop- 
in compatible" with older types. For example, the 2Kx8 2816 
used here matches the popular 2716 EPROM pin for pin. 
Except during programming, the 2816 needs only a single 
5-volt supply. 

The EEPROM is a significant improvement over the ultra 
violet-erasable device. First, it can be erased quickly with- 
out an expensive UV source (or waiting for a long, sunny 
day, hi). Second, single bytes can be erased selectively 
without disturbing the rest of the ROM's contents. 

This EEPROM programmer lets you do both erasing and 
s~mple, manual programming. It's described as a "stand- 
alone" device assembled on a prototyping block, but it can 
just as easily be incorporated into your equiprnent using 
the EEPROM. As shown here, the programmer can't be 
computer driven or operated automatically. You can add 
these features, but it will cost more in terms of both time 
and money. 

The electrical characteristics for programming show only 
two crtttcal parameters. The programming voltage (Vpp) 
write pulse duration must be between 9 and 15 ms, and 
the Vpp rise time must be between 0.45 and 0.75 ms. 
Because all other timing parameters are given as minima 
expressed in nanoseconds or microseconds, 1 timed every- 
thing around the Vpp pulse width of 10 ms to keep things 
simple. 

How it works 
The 4060 oscillatorlpulse generator (U1) in Figure 1 is 

an oscillatorldivider combination. The 1-meg pot adjusts the 
oscillator frequency to 12.8 kHz. This is divided by 128 to 

Oscillator/pulsc generator. 
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The only repeaters and controllers 
with REAL SPEECH! 

No other repeaters or controllers match Create messages just by talking. Speak any phrases or 
Mark 4 in  capability and features. That's words in any languages or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and repeater sites emergency warnings, club news bulletins, and D X  
around the world. Only Mark 4 gives you 
Messaae MasterTM real s~eech  . voice alerts. Create unique ID and tail messages, and the 
readoGt 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. 

NEW OPTION 
RS-232 for Repeater Control 
using MODEM or Packet TNC 

MICRO CONTROL SPECIAL 
Division of Kendecom Inc. 

1 23 Elm Park, Groveland, MA 01834 (508) 

Call or write for specifications on the 

372-3442 repeater, controller, and receiver winners. 

I 
FAX 508-373-7304 

I 

I **. EVERY ISSUE of 
HAM 
-10 

now available on microfiche! r 
The entire run of Ham Radio Magazine 
(March, 1968 thru last year) is ready 
to ship to you in one, easy to use 
format. 

Our 24x microfiche is easy to read and 
very compact. We offer a hand held 
reader for $75, and a desk model for 
$220. Libraries have these readers. 

As a bonus, you will receive Ham 
Radio Horizons (3177 thru 12180) free. 

Everything is included, front cover to 
back - ads too! 

Annual updates will be offered for $1 0. 

Send $205 payment 
(visalmc accepted) to: 

BUCKMASTER 
BUCKMASTER PUBLISHING 

Route 3. Box 56 
Mineral, Virginia 231 17 

7031894-5777 v isa lmc 8001282-5828 
I 

SUPER PERFQRMANCE BATTERIES 
UPDATED SUPER ICOM SUPER YAESU 

SUPER ICOM BP.7S. 13.2 volts. SUPER YAESU FNB4SH. 12 volts. 
1200ma l r~p le  Ihe capaclty of the 1000ma. do~rble llie c,jpac~ty of the 
l c o ~ n  BP-7. 5w output. Yaesu FNR-4. 5 watt outpul Rap~d 
SUPER ICOM BP-BS. 9.6 volts. charge only $71 00 
12001na. 50 more capacity than SUPER YAESU FNB-3s. 9 6  volts. 
the lcom BP-8 1100ma. t r~ple the capac~ty of the 
Both are r a p ~ d  base charge only. or Yaesu FNR-3. 3 5 watt output 
s l~de In wall charger. 4 Inches hlgh Rap~d or wall charge $6500 
BP-7s or BP-BS 565 00 Both are perfect for the 03. 09 and 

727 serles rad~os and are 4 Inches SUPER KENWOOD Exact replacement FNB-2 Nlcad pack high 
SUPER KENWOOO PB-25S/PB-Z6S. 8 4 for Yaesu FT-4MR1207R1208R1708R hserh for: 
volls. 9001iia tlout)lr, the capacity S22 50 Kenwmd PB-25. 2SH. 26 525.00 
of the PB-251PR-26 for the 25001 lmm BP-3 518.95 
26001350013600 Charge with e~ther SPEAKER/MICS lmm BP-5 524.95 
the standard wall charger or drop ICOm HM-9 535.00 lmm BP-7 [500ma) 529.50 
In charger 3 Inches h ~ g h  Sf3500 Yaesu MH12A2B 531.00 Imm BP-8 529 50 

Full llne for Yaesu 4111811 1470. FNB-10111112/14 ava~lable 
Add 54 00 sh1pp11iq.3 handltnq lo1 l~rst pack CT restdents add U', tax 

Complete llne of NlCAD packs for Icom, Kenwood. Yaesu. Tempo. Santec. Azden. Cordless Telephones. 
Akallne. Nlcad 8 Gell-Cells All NICAO packs lnclude 1 year guarantee Commercial Rad~o Packs ava~lable 

For all your battery needs, wrlte or call today for a complete catalog Dealer lnqutrles lnv~ted 
: , lJ ' \ l l :  , Y ti:1\,1s 1'18 ll:~P,l- 

m i i l l l ! l P @ R f ~  IIw. 
b'm 149 Palmer Road Southbury. CT 06488 

(800) 634-8132 In CT 12031 2663985 FAX: 121331 262-6943 

1/ 121 
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TIMING DIAGRAM 

TO T 1 T 2  T 3  T 4  T S  T 6  T I  T 8  2 9  

5 V  

P IN  18 R 
ov b 

PINS 9.10. DATA M -  
DATA VALID PROGRAMMING 

11.13-17 * DATA VALID READ 

ADDRESS VALID 
ADDRESS - * 

1 2 v  --- --------------- 
I I 
I 
I S1 CLOSED I 

5 v I I 

-21v 

VPP EXPANDED 

OV 

P IN  2 0  

Timing diagram. 

STOPPEO 

give a 100-Hz output at pin 6, pulsing the input of pin 14 
of the CD4017 (U2), a decade counter which produces 
sequential 10-ms pulses from the 100-Hz clock input. The 
pulses appear in order from TO to T9. When output T9 goes 
high it activates inhibit, pin 13, stopping all activity. When 
you press the START switch it resets the 4017, causing T9 
to go low and the program to run from TO to T9 again. Flip- 
flop U3A is a debounce circuit. 

Flip-flop U3B has already been reset when the counter 
arrives at T9, causing the outputs of the 4503 analog mul- 
tiplexerldemultiplexers (U4 and U5) to float. The inputs to 
the 4049 hex inverting buffers (U6 and U7) from the 
EEPROM socket cause the LEDs to display the value of 
data being read from the EEPROM. Refer to the timing 
diagram in Figure 2. When you push START, TO goes high 
for 10 ms and then goes low. Next, TI goes high and sets 
flip flops U3B and U8B causing the value of the data thumb- 
wheel switches (shown in Figure 3) to be applied to the I10 
pins of the EEPROM. Also, OE (Figure 4) pin 20 goes to 
5 volts. T2 then applies a 10-ms pulse to pin 18 of the 
EEPROM. T4 sets flip-flop U8A to apply a 12-volt pulse to 
pin 20. This pulse is used for chip erase. Leave the 26-volt 
switch S1 open for a byte erase and the pulse will remain 
at 5 volts, as indicated by the solid section of the timing 

OV 

diagram in Figure 2, EEPROM ?%. The LM317 voltage 
regulator (U10) normally supplies 5 volts to the VPp pin. The 
1 and 4.4-k resistors are in parallel because T5 IS still low. 
The bottom of the I-k resistor is effectively at ground. When 
T5 goes high, LM317 voltage regulator U10 is allowed to 
rise to 21 volts. The time constant of the 1-k resistor and 
0.02-pF capacitor produces a rise time of about 0.6 ms, 
which should improve device reliability. After T5 the process 
reverses itself, arid the circuit comes to a stop at T9. The 
address pins are connected directly to the thumbwheel 
switches in Figure 5 and you must enter the correct address 
before any byte eraselwrite takes place. The resistors at the 
bottom of the data and address switches terminate the 
CMOS inputs of IC 4503 and the address pins A0 to A10. 
Power supply 

I didn't build a power supply for this project. I have several 
1 to 15-volt regulated supplies with floating outputs. I con- 
nected two of them in series to obtain 26 volts. The current 
drain is very small, around 20 rnA maximum. The 5-volt sup- 
ply uses about 200 mA. 
Adjustments 

Temporarily disconnect pin 11 of the 4017 and ground 
pin 13. This causes the counter to run constantly. Apply 
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NEW ENGLAND'S FACTORY- 
AUTHORIZED SALES & SERVICE 

FOR 

KENWOOD HiIcoMI 
Also displaying the popultr crcccssories rleetietl to cornplctcl tr HAM STATION . . .  

ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 
ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 

HELDEN RENCHER B & W DAIWA ALINCO 
HUSTLER KLM LARSEN MIRAGE ROHN 

NEW! TF:LEX/HY-GAIN TOKYO HY-POWER LABS 
TKAC KEYERS VIRROPLEX WEIZ ETC. 

PK-232 M BX 
OPEN SIX DAYS A WEEK WELCOMED 

Model WLA24M 
5-1000 MHZ PREAMPLIFIER 

For analyzers, scopes, radlorrv, ICOM 
R-7000, scanners, etc. Gain 23dB, 
Noise Fig. 3'dB, Pout (IdB) 18dBm, 
12-15VDC. Usable 2-1100MHz, with 
input protection, In cast aluminum 
case. Pull signalsfmm noise. Only $109 
+ $4. Bypass switch & 430150 MHZ 
conv. available. 

WIlAM TECHNOLOGY 
P.O. Box 5174, MASSENA, N.Y. 13662 

(315) 769-8334 

IATV CONVERTERS HF LINEAR AMPLIFIERS I 
DISCOVER THE WORLD OF HF AMPLIPIERS L MOTOROLA BULLETINS .... 

I AN751 3OOW 11W.70 E l e l  110W 1 I 1 1 5  
AN162 14OW 1 0 3  25 E827A 3OOW 8130.20 UEAT SINK MATER 
AN77OL 2OW 113.70 Eel04 bOOW 0448.15 
AN77OH 2OW 103.19 AR301 300W *383.52 Model 09 Hem, 5inL(6 5 ~ 1 1 d 1 )  ......... (11.W ..... ,, CM AR311 300W 1401.00 CHS-b COPF Spre.d.r(bx6~1/4) 111.00 

NEW11 1% WATT  2 - W M H ~ A m p ~  -~ - W. a1.o .lock H..d-to-Find van. 

POWER 9Pl ITTERS r* COMBINERS 
2-3OMH. 

A N 3  420-450 GmAS-FET 
A N 1  002-028 IG.AI-fETI::::::::# 50 05 KII 1000 W.LI PEP I -Por  

1200 W.ll PEP 4-P 
Dl0  SQUELCH CONTROL 1 - A N  8 .......................................... 8 30.01 U l l  

MP l l r lERS  ................... ............................... f35A. 8 n.@S UM KE867-PK (UH) 1lYO.lS ..................... ...................... 75 Wat t  Mods1 875A 1110.95 U11 KE861-PCB (PC l o r d )  111.00 ............................... A ~ ~ ~ l m b l ~  8" brt  w ~ ~ d / t " t d  K E A I l - I  (Mnnu*] 1 5.00 
f r  IWW k(rm.tbon .nd mri... ran r m(t. f r  u I- rW. . .  

CHIP UPS-KwmUIATC 
METALCLAD MICA CAPS-U.*l.e/S.nr@ 
RF POWER TRANSISTORS 
MINI-CIRCUIT MIXERS 

-.:::: : :::: 
................ VK200-YO I 8  RF Chok. 8 1.20 .......... Ib-LW-6(- IB F.rrtl. 8 4  # .YO 

8 r ~ d b m n d  HF Tr.n.lormnl 

Add 13.50 for .hip.imr* Mlh. 

Communication 
Concepts Inc. 
' Xenm, Ohm 45385 (513)  416-8100 

FAX 1513) 429 381 1 

1 108-1000 M H z  RADIO DlRECTlON FlNDlNG I 
* Interference Location 
* Stuck Microphones 
* Cable N Leaks 
* ELT Search & Rescue 

New Technology (patented) converts any VHF or UHF FM receiver into a sensitive Doppler 
shift rad~o d~rrxtion f~nder. Simply plug into receiver's antenna and external speaker jacks. 
Models available with computer interface, synthesized speech, fixed site or rnob~le - 108 MHz 
to 1 GHz. Call or write for details. 

PO. Box 31819 (602) 488-9755 
DOPPLER INC Phoenix. A1 85046 FAX (602) 488-1295 
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HEXADECIMAL THUMBWHEEL SWITCHES DATA 

Data setup and readout. 

power to all circuits with the EEPROM removed from its 
socket. Using a scope, sync on TO (U2 pin 3) and adjust 
the 1-meg pot on IC 4060 for a pulse width of 10 ms. Keep 
sync on TO and adjust the scope sweep speed for 10 
mslcm. TO to T9 are now each represented by centimeters 
across the screen. Refer to the timing diagram and observe - 

CE, p i n 8  of the EEPROM socket. The pulse should be 
at T2. OE pin 20 should appear as a 5-volt pulse. Closing 
S1 causes a 9 to 15-volt pulse to be superimposed on the 
5-volt pulse as indicated by the dotted lines. The 1.4 and 1.8-k 
resistorsestablish this voltage. Vpp pin 21 should start out 
at 5 volts (adjust the 1-k resistor ~f necessary). The pulse 
then goes to 21 volts. Adjust the 4.4-k resistor for 21 volts 

~ t l  volt. Next, exparld the trace speed to x10 and observe 
the rise time of the 21-volt pulse; it should be between 0.45 
and 0.75 ms. Adjust 'the 0.02-pF capacitor if necessary. The 
pulse should be between 9 and 15 ms long, so go back 
and tweek the 1-meg pot if necessary. Now return to nor- 
mal sweep. Check the I10 pins by observing the waveforms. 
If you touch the probe tip you should see a 60-cycle hum, 
indicating that the outputs of IC 4503 are floating. 'The solid 
line from T1 toT7 should beeither low or htgh depending on 
thesett~ngof the data switches. Next, check each address 
pin to see if you're getting good highs and lows. Remove 
the ground on IC 41317 pin 13 and reconnect pin 11; the 
counter should stop. Push START; one cycle should pass 
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- - - - - - - SPST OR ClPST - -- - - - -- 7 
(SEE TEXT1 \ 

\ 

Programming control. 

/' \ 

and stop at T9. If two or more cycles pass, you may have 
to adjust the debounce flip-flop for a longer time constant. 

Using the circuit 

I 
EEPROM - 4, 2816 vcc 

This circuit can power up at any point from TO to T9, 
applying unwanted pulses. To prevent this, I've placed a 
toggle switch to inhibit the EEPROM's V,, 5-volt and 
26-volt, which inhibits Vpp: First insert the 2816 into its 
socket and turn on the main power to the rest of the ICs. 
Push START once or twice to reset all flip-flops. If you're 
using an SPST switch, apply 5-volt V,, power first - then 
apply the 26-volt power. If you have a DPST switch, both 
V,, and Vpp will be applied simultaneously. Power down 
in the reverse order when removing the 2816 from its socket. 

2 
2 
2 
6 

/ 
?, / . /- +5v 

23 
5v OR 2IV LM317 - 

E- 

21 SELECT FOR SELECT FOR Z1V 
-20 5 v 

The EEPROM should be in read mode after power up. A 
new EEPROM should show all highs (LEDs lit) for the 
erased condition. The LEDs and LED drivers can be elimi- 
nated if you don't mind touching each I10 pin with a VOM 
to determine the logic level. Place the address switches at 
000 or any desired address. If the data byte you're looking 
at has been erased already (all highs), enter the value of 
data you want at that address and push START. The LEDs 
should show the same value entered on your data switches 
because you're reading the 2816 at T9. If data is already 
present and you want to change it, first erase that location 
by writing all "1"s (FFH), then enter the correct data and 
push START again. To erase the entire 2K of memory, close 
S1 and push START The entire chip will be erased. I've 
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400 WATTS 
(144-148 MHz) 

TE SYSTEMS new HPA Series of high power 
amplifiers now available through select national 
distributors. 

All amplifiers are linear (all-mode), automatic 
TIR switching, and incorporate optional GaAs 
FET preamp. Amps are usable with a wide in- 
put drive level range. Thermal shutdown protec- 
tion and remote control capability included. All 
units are designed to ICAS ratings and meet 
FCC part 97 regulations. Approx. size is 2.8 x 
10 x 11.5" and weight is 8 Ibs. 

AMPLIFIERS 

:A . 1  ... A - 

1 -  '-I - :: 
-- ', 

SPECIFICATIONS 

Consult your local dealer or send directly for Models also available without GaAs FET preamp (delete G suffix on model #). All units 
further product information. cover full amateur band - specify 10 MHz bandwidth for 420450 MHz amplifier. Con- 

tinuous duty repeater amps also available. 

TE SYSTEMS 
P.O. Box 25845 
L o s  Angeles. CA 90025 

Amplifier capabilities: 100-200 MHz, 225400 MHz. 1-2 GHz. Military (28V). Commercial, 
etc. also available - consult factory. 

MODEL CONFIG. 
.a*_.,* 1 9  nnnr, .- 7 - . \ & -. . - , 
144.4P I4 ports) 
220-2P (2 ports) 
220.4P 14 oortsl 
430-ZP iz ports) 
430-4P I4 POOS) 
902.2P (2 ports) 
Qnl).dp (6 DDOZI 

R f  yrr,,v,.r t , , ,  I,.,,, ,""',lr". ! h i  

IIPSI w;ty I,, l,.t,tl 8,s trh.tw 2 .bnd 4 
antenna arrays lo rnarlrnlzr syst~rn 
galn and at Ine sam? ltme reduce 
lossesloa rnlnlrnum Coverlng 144 
t h r ~  1296 MHz.thts~erlesol VHFI 
UHFp~werd#~~der~areprern le rRF  
devrcesdeslgnedtora long SeNlce 
lhle with low SWR and broad OD- 
eratlng bandwadth 

Extruded alumlnurn body wlth a 
durable enarnelllnlsh4n addllton lo 
SIIICO~ Seallng at connector llanges 
results tn a ruggedned unit for all 
array ~nstallat~ons Available wllh 
N.1ype conneclors only, lhese 
vnlls are uncond8llonally guaran. 
teed lor 2 years 

PRICE 
,5400 I 

A-1004A/GRC-109 RE- 
CEIVER. Special Forces 
"black box" radio covers 
3-24 MHz AM-CW in three 
bands; 455 KHz IF. Audio out 
4000 ohms; with tubes 
411T4. 1U5. 1L6. Requires 
1.5VDC 300 ma B 90-10B 

VDC 20 ma. 8 . 6 ~ 7 .  5 x 5 5 ,  13 Ibs sh. 
Used-reparable .. . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . .. .%g.W 
PP-205A POWER SUPPLY for above; requires 75260 
V A C  40-400 Hz input. 8 . 6 x 7 . 5 x 5 . 5 ,  16 Ibs. 
Used . . . . . . . . . . . . . . . . . . . . ... . . . . . . .. . . . . .. .. .. . .. .$29.W 
H-65 HEADSIT for use with R-1004; used ...... 59.95 
MANUAL tor GRC-109 radio set, partial repro $12.00 

I Prlcsi F.O.B. Umr, 0. . VISA. MASTERCARD Awqtsd. 
Allow IM Shlaalna . Wdle lor lrlsrt Cllrlm Juoolement I 

1 - -  ~ d d r &  hpl .  HR . Phone 419/227-657'3' I 

- - -  
1296 .2~  i2 LOO;~ $52 00 
1296-4P I4 portsl $60 00 

SIllPPlNG NOT INCLUDED 

S T R I D S B E R G  ENGINEERING.  CO. 
P 0. Box 7973 Shreveporl , LA 7 1 107 USA 

Phone. (318) 865.0523 

f l  129 

Use ferr~te beads to keep RF out of your 
TV, stereo, telephone, etc. Kit ~ncludes one 
dozen beads, one dozen toroids l/2" to I 
1% " diameter, three"split beads" and our 
helpful RFI tip sheet. Everything needed 
to fix most RFI problems. $15 + $3 ship- 
p ing  U.S. and Canada. 7% in CA. 

2000 Channels 111 

- 2000Channel Memory 
1984 Scan f r e q u ~ n c t e s  
& 16 Search Groups $695~0° 
.Scan/Searchspeedsupto3Echant~~ , : ,,.- 

rnentsper second 

B t t~ l l  i n  RS 232 cornputpr ~n le r f ace  

25 Day Sal~sfacrlon Guarantee Full Refund ~f no1 
Sattsl~ed - Slze 31,':"H x 5 '"W x 7"b"D W I  21b lOoz . Supplted wtth AC& DC power cords Telescopic 

COMMUNICATIONS 
10101 E. 106th St. Ind~ls.. IN46256 

Toll Free 800-445-1111 

I Free catalog and RFl tip sheet on request. I 



I HEXADECIMAL THUMB WHEEL SWITCHES I 
Address selection. 

found that the address and data settings aren't important 
when you're doing a chip erase using the SEEQ device. 
However, another 2816 by EXEL requires the data value 
FF for a chip erase as well as a byte erase. I suggest you 
obtain data sheets for any EEPROMs you buy to determine 
if there are any special procedures to follow. 

Conclusion 
I built the programmer on a protoboard so I could change 

the circuitry to accommodate other PROMs. You may want 
to try using the EEPROM to decode binary values into 

seven-segment readouts including the characters A to F. 
Circuits with the 2716 UV EPROM can be modified using 
the 2816. You can program eight outputs with varying pulse 
widths to control other circuits by hooking a binary counter 
up to the address pins. I used three EEPROMs with their 
addresses in parallel for a total of 24 control lines. Those 
24 lines let me program a single chip microcomputer with 
its own UV EPROM. I have since replaced the EEPROMs 
with a single chip microcomputer which programs other 
PROMs. You can purchase all of the ICs used in this 
project from Jameco, 1355 Shoreway Road, Belmont, 
California 94007.a 

OR COLLECT OLD RADIOS, YOU NEED ... 

ANTIQUE RADIO CLASSIFlED 
FREE SAMPLE COPY! 

Antique Radio's Largest Monthly Magazine 
Classifieds- Ads for Parts & Services 

Articles - Auction Prices-Flea Market Info. 
Also: Early TV, Ham Equip., Books, Telegraph. 

Art Deco, 40's & 50's Radios & more... 
Free 20-word a d  each month. Don't miss out! 

6-Month Trial-$11. 
1 -Year: $20 ($30 by 1 st Class) 

Foreign by air-Canada: $32; Mexico: $30; Other: $60. 

A.R.C., P.O. Box 802-A5, Carlisle, MA 01741 

u 133 

THE MULTIPLE RECEIVER SOLUTION 
. - -  

4 Channel Signal-to-Noise Voter 
Expandablr ?r J7 i t i  inllr-1 by J~r'.l Addlnq Cards 
Conl~nuo~rr Volrnq 
LEO Indlcatorc ol COR and Voted S~qnalr 
Rulll In Callbralor 
Rprnnle V t r l ~ d  lnd~ratorc Plnned Out . 4 1  5 x 6 Onublp Sldpd Gold Plat~d 44 Pln Card 
Remole 01sable Inputs 
MORf 
Built tested and callbraled w~th  manual 

$350.00 
Telephone lnlerface now avatlablr 
For more lnlormatlon call or wrlte 

DOUG HALL ELECTRONICS 
Voter Department 

815 E Hudson Street 
Columbus. Ohlo 43211 

(614) 261-8871 - 

WRITTEN TEST STUDY GUIDES 
All word-for-word questtons, rnult~ple choices. 
answers. Choose Novlce, Technlcian. General. 
Advanced or Extra Class Answer explanations 
supplied1 
$4.95 Each verslon + $1.50 shlpplng. 
All five manuals: $22.95 postpaid. 

HAM RADIO Q&A MANUAL 
All 1.932 questions. multiple cholces and answers 
found in every ham license exam, Novice through 
Extra Class. 
$9.95 Shipped postpaid. 

MORSE CODE TEST PREPARATlON 
Set conlains two 2-hr. cassette tapes 
Code Teacher, 0-5 WPM $9.95 
General Code. 3-15 WPM $9.95 
Extra Code. 12-21 WPM $9.95 
Plus $1.50 shlpplng per set. 

All ManualslCode Tapes: $49.95 
New §Part 97 Ham Rules: S 2.95 

Order shipped same day received! 
Credit card phone orders: 10 a.m. - 2 p.m. 

W5YI MARKETING 
P.O. B o x  #565101 - Dallas, TX 75356 

Tel: (817) 461-6443 - 24 hours 
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April 27, 28, 29, 1990 

Early Reservation Information 
Qeneral Chairman, Ed Hillman, N8ALN 

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

Asst. Qenelal Chairman, Dave Qmbb, KC8CF 

1890Deadllnes 
Award Nominaffons: March I 5  
License Exams: March 26 
Advance Registration and banquet: 

USA - April 4 Canada - March 31 
Flea Market Space: 
Spaces will be allocated by the Hamventlon 
committee from all orders received prior to Februa! 
1. Express Mail NOT necessary1 Notification of 
space assignment will be malled by March 15, 1990 
Checks will not be deposited until after the 
selection process is complete. 

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

Plea Market Tickets 
A maximum of 3 spaces per person (non-transferable). 
Tickets (valid all  3 days) will be sold IN ADVANCE 
ONLY. No spaces sold at  gate. Vendors MUST order 
registration ticket when ordering f l e a  market spaces. 

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

Plea Market Information: (5 1 3) 8453683 
IlcenseExams 
Novice thru Extra exams scheduled Saturday and WW 
Sunday by appointment only. Send FCC form 6 10 Please write to Lodging, Dayton npmveation, Chamba 

(Aug. 1985 or later) - with requested elements shown plaza. 5th & Main Streets, ~aytoh on 45402 or refer to 01 
at top of form, copy of present license and check for 1989 Hamvention program for lodging infomation 
prevailing ARRL rates (payable to ARRL/VEC) to: which includes a listing of hotel/motels located in 
Exam Registration, 8830 Windbluff Point, Dayton, the areas surrounding Dayton. 
OH 45458 

HAMVENTION is sponsored by the Dayton Amateur Radio Association Inc. 

Advance Regbtration Form How Manv 
@ $  4dmi~~ibr r  

(valld all 3 day 
Orand Banquet 

Dayto1 
Reser 
Flea F 

n Hamventlon 1990 
vation Deadline - USA-April 4, Canada-M 
larket ResewatJon Deadline: February 1 

larch 3 1 

UVUIIPZII 3 Lunche 
(Saturc: 
(Sundz 

Plea Mar..-- . 31 1 a w l  

(Max. 3 spaces $5012 adjacen 
A d d i o n  ticket r $1 50/3 adjacen 
be ordered witti n tlckets 'RBta 
$12.00atdoor . . 

3unt indi 
0) envel 
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ope,. 

r or money order for am( 
if addressed stamped (# 1 

Encla 
and sc 

se check 
2nd a sel 

r Print yc 3ur Nam e and Address clearly. 

a t  door, 

. ---. 

Nan Make check! 
---mble to - Dayton HAMVENllON 

Address 
Mail t o -  Daytmlian! 

city State Zip BOX 2205 
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-- -  - -  - -.- - I- .. -. Designed for the elite global 

contest and DX operators. 
With state-of-the-art design 
including direct digital syn- 

Performance. Yours and your thesis (DDS) for low noise 
radio's. They go hand in hand. and fast lock-up time. The 
To be a truly world-class com- FT- 1000 will blow away your 
petitor, you've got to have a competition with a spec- 
truly world-class rig. And it's tacular combination of power 
here, now. The versatile new and operating flexibility. This 
FT- 1000 from Yaesu. HF transceiver boasts a list of 

it0 1989 Yaesu USA. 17210 Edwards Road Cerritos, CA 90701 (800) 999-20 
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tures and options that other 
lnufacturers still have on 

their drawing boards: Like 
200 watts RF power output: 
Built-in TCSO, for superio 
liequency stability: Indeper 
dent filter selection; Dual 
receive with balance control 
and two tuning knobs for 
simultaneous reception in 
tough pile-up situations. 
Using BPF-I allows cross- 
band dual receive. 

And tl he FT- I C 100 optic 
such as digital voice-recording 
system (DC'S-2) for storing 
and playback "CQ Contest" 
messages. On RX the DVS-2 
has a 16-second running 
memory for playing back 
garbled calls. There's also a 
CW spot control, so you can 
align your frequency to that of 
an incoming signal without 
having to transmit: Plus direct 
keyboard frequency entry; 
1;ront panel R S  antenna selec- 
tor; Built-in cascaded filters; 
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ree year 
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- [lous attention to detail u 
features and optior 
nomically designec 
you to achieve a posrrron or 
competitive dominance. To 
hear and be heard. . . Like 
never before. 
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See the exciting new FT-1000 
at your Yaesu dealer today. It's 
the best of the best. 

Y A E  SU 



The !ID Pen-Kit Satellite Modern! 

Featuring high performance 
at low cost! 

Completely assembled and tested - not a kit! 
Supports 1200 baud MSK transmit and PSK 
r e c e r v e  f o r  M I C R O S A T  access 
Supports 1200 baud PSK transmit and receive 
f o r  terrestr~al use 
Receives 400 baud satellite telemetry signals 
Doppler s h i f t  compensating radio tuning 
i n t e r f a c e  

Eas~ly attaches toany TNC modem disconnect 
h e a d e r ,  cable prov~ded 
Telemetry signals o u t p u t  via RS-232 port 

For complete rnlo 6 specrlrcaf~ohs 
Cal l  ,873, 874.2980 To Order Calf 

IN I Toll C m :  1-800-223-351 1 
DECEMBER Mafor Credtf Cards Accepfed' 

]I PacComm 3652 West Cypress Street Tampa. Florida 33607 ! 
I ! Please send more info on the MICROSAT PSK Modem FREE Catalog I 

I 
I Name Call I 
! Address P h #  -- 

I 
I 

I 
( S t a t e  - Z I P  C a r d #  E x p  Date I 

I 
I MONEY BACK GUARANTEE! A d d  S4 00 sh rpp tng  h a n d l f n g  per order FL resrdents  add 6% sales tax I 
I Malor Credfr Card give n u m b e r ,  e x p l r a t f o n  and s t g n a t o r e  FAX 813-872-8696 1 
I,,,,,,,,,,------,----------------. 

Martin Towers And Hazer 
Ne~ercl lmb agalnwllh thistower and elevator system MARTIN 
TOWERSare madeof aluminum and speclfbcallyenglneered lor 
usewith THE HAZER All bolted construction. nowelds Easy lo  
install hinge base. walk up erection, next plumb wlth levetlng 
bolts ~n base Mount antennas and mlor on HAZER in verllcal 
upright posit~on, thenwinch lotopol towerfornornalopefatlng 
positton Guy wires fasten lo  HAZER or above HAZER a1 lopo l  
tower Safety lock syslem operates while raising or lowering. 
Never can tall Photo above shows HAZER midway on tower 

SPEClALtower package prlces lncludeeve~hlng but rotor and 
antenna: 50' M-18 alum tower kit lorn, hinged base. concrete 
looting section. HAZER klt. Phlllystran guy wires. turnbuckles. 
eanh screw anchors. 10' mast, thrust bearing. t w l  klt, fated at 

.l3alum tower, same pkp as above 

.13alum tower, same pkg as above 

.13 alum tower, same pkgasabove 
R 2 lor Rohn 25- Hvy duly alum 12 sq I t  wlnd Id 319.95 

ER4lorRohn25-Hvy galvsll 16sqft wind load 291.95 

I I 

: Factorv Authorized Dealer & Service For : 

Read All About Your 
Favorite Modes Of 

Digital Communications! 
* S u b m c r i b e  Today! * 
Digital Digest 
4063 N. Goldenrod Road 
Winter Park, FL 32792 

$160° Per Year 
u.s. 822.00 Elsewhere 

Payable tn U S  f ~r l ds  Only Check or M 0 Prelerred 
r 

I KENWOOD I 
I I 
I I 
I YAESU I 
I I 

L 

I Call Us For I 
I 
I Great Prices & Great Service j 
I 
I I 
I TOLL FREE ORDER LINE 1600344-3q44 1 
I ConlmenlaI U S A Texas I 

I ' A , ,  , , A  , , " 3  , , , , ,  I 
I lkr, ' , t2 , , * ' "nr , '  I 
I I 

d * 
LOGWRITE'" 

Brlng p u r  stalwn into the mmputer age vilh W C W R I l l L  
the menu driven, u c r  frmndly bum8 propm wmen by Ed 
Troy tN03V1 U)CWRITE In t l u  perlrrl m u o t y  lor #he 
mmpklr ham slal~on 11 wnpllltc% your opmlan and 
you the mrnpelllivr edge ~n a?ntnt!nl snd DX'mg LOCWRITE 
* u r b  with .I1 IRM PC"$ and n,rnpatnhk. 

WCWIIITF* unique lplll meen fenlure .I- for simul. 
I.mw b#&bng and lexl p-tq. L u m g  Icatura inclldc: 

- Instant call sign w prefix search 
- Pr~nt. Edtl, or Vlew records 
- Plenty o f  r m  lor notes 8 aWresses 
- Automat~c h~neldate stamping 

Ten pr-r leaturn su laml i  wtd wmp. brbp  mr- 
rm ,  and malltq. mlhnnv .my your pcn and pperl 

To order your mpy o l  LMWRlTE mmpklc xilh in l rw lnn 
mnwl. send S2105 {Pa. rnldrnls .bd f1.Y) ub lu) lo. 

Acmpm Consulting 
P.Q !a 5-16. Rurkinghsm. PA lWI2 

Or call (215) 345-n84 to o rde r  w i t h  VisalMaster- 
card. (Please specify 3.5 o r  5.25 i n c h  floppy.) 

1 

HI-PERFORMANCE DIPOLES p.- -,-- 
I 7- .!*" , - -7. -a - --1 

anfmnas !mat *(ww Custan asurnwe6 !a rev, renter b q  s. mnw M 01 

n n l v  and e m  ern hang l n w e n ~  V nor*mlal ra dmm* .bang  mpo* 
cmm*rc,al "".a," ,,"l"l*,, narawnrr M)", Q m r  n1r.p hlqh c l r s n r "  *ngn 

P ~ r y m d l  chmL MO a C 0 0 - 113, - 
YCDS' 101010 I6 IOM nmxgmm.nc.d lw~8~10"~~ SlOSw4 
MPD 1 w (OM mmn wrlam.nc. alwl. I 5  long 181 
HPD 3' I8080 40M hl wr(m.M.dlwl~ I l l  long 

es WPpd 
17s Ppd 

SSD 8. 180 w 40 m t5 l o ~  *p.c. ....r dlwl. ?I lonp SIl5ppd 
sso 5. w 40 m 15 tow m.c. w . r a i w ~ .  .-IIV L 4r stm 5r s-oa om 

srsr la c.l.aopu. 01 30 d ooo.. SIOWP, and .p.n...*10 nlW. mn1.nn.n 

Quick Interconnect @ 7 
~ ~ 0 0 1 ~ 0 0 t . ~ . ~ . ~ d a r m d r d ~ 3 0 * s h * r  .RJ*M.- 

ISwltcn from mobole to snack In seconds ntercqanpe pow- I 
I e r  s u p p l ~ n  and rtqs tn moments Interconnect batlew. I 
charger, controller solar panel, generator, backup , i on -  
nn t l ona l  power ~nstantly In any comblnatlon Create CUS- 
tom multl-pole connectors In seconds w/ lego-l~ke stack~ng 
Easy crtmp/solder, assembly No specla1 tools requored 
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TUNING 
WITH DUAL 
ECCENTRIC PULLEYS 
Straight line variable 
caps cover a large 
tuning range 

By John Pivnichny N2DCH, 3824 Pembrooke 
Lane, Vestal, New York 13850 

xtraordinarily linear tuning is possible with ordinary 
variable capacitors if you use some new techniques. 
As my earlier articlesl.2 point out, all modern Amateur 

transceivers have very linear frequency dials. Unless they 
use a digital PLL technique, commercial products use pre- 
cision, specially made, gear-driven variable capacitors not 
available to the homebrewer. This article describes a dual 
eccentric pulley approach, which allows common straight 
line capacitance variables to be used over fairly large fre- 
quency ratios. ' 

Variable capacitors 
Ordinary variable capacitors have semicircular rotor 

plates and uniform change in capacitance as the shaft is 
rotated through 180 degrees from full mesh to completely 
open (see Photo A). This is known as a straight line capaci- 
tance variable. When used as the main tuning element, it 
produces a frequency change that compresses the scale 
at the high frequency end. 

Shape of rotor plates 
If the capacitor rotor plates are specially shaped, this dial 

compression can be spread out. In general, the radius of 
the rotor plates must be reduced at the minimum capaci- 
tance end so that each degree of rotation causes less 
capacitance change. With correctly shaped rotor plates, an 
equally spaced linear frequency scale results. The plates 
are referred to as "straight line frequency variables." Capa- 
c~tors constructed this way are usually not available or very 
expensive. One exception is the WWll surplus capacitor 
described in Reference 2 and shown in Photo B. 

Ordinary capacitor. 

I FREOUENCY RATIO 

Percent error for stmight line capacitance variable. 
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World War I1 capacltor. 
I FREQUENCY RLITIO I 
Percent error for special World War II capacitor. 

Worst-case dial error 
Eauations in the a~oendix of Reference 1 show how to 

calculate the degree of error a linear dial will have when 
a straight line capacitance variable is used. The frequency 
at the dial center will be low if the end points are set exactly. 
Note that the worst-case error can be reduced to one-half 
by setting the frequency at both ends of the dial high by 
one-half the center dial error. This error is shown in the 
graph in Figure 1, plotted as a percentage of full-range error 
for various frequency tuning ratios. The range is defined 
as high frequency minus low frequency, and the errors have 
been reduced to one-half. 

The curve is very steep; the error is unsatisfactory for all 
but very low tuning ratios and narrow ranges. I consider 
an error of *1 kHz in a 500-kHz range satisfactory and an 
error much beyond that as excessive. For example, the area 
below the dotted line in Figure 1 represents the accept- 
able region. 

Low satisfactory tuning ratios force you to select fairly high 
frequencies to cover a reasonable range. In Reference 1 
I chose 11.5 to 11.75 MHz to cover a 250-kHz range with 
a *2-kHz worst-case error. That let me receive 3.5 to 3.75 
MHz with an IF of 8 MHz. 

Comparison with the curve of Figure 2 for the specially 
constructed WWll capacitor2 shows that very low errors are 
possible for a 1.253 frequency ratio. Such capacitors are 
usable for a single ratio. However, the technique described 
here can be used for many frequency ratios. 

Eccentric pulleys 
One way to reduce the capacitance change at the high 

frequency end is to mount an off-center (eccentric) pulley 
on the shaft and drive it with dial cord. The mounting must 
be made so the cord winds or unwinds with a maximum 
radius when the capacitor is at the high frequency or low 
capacitance end. Check the conceptual sketch in Figure 3 
for details. 

If this pulley were just the right shape, you'd have the 
same effect you'd have if the capacitor plates were cut to 
exactly the right shape for linear frequency response. Such 
a pulley would be very difficult to make. On the other hand, 
circular pulleys are easy to make from PlexiglasTM as 
described in Reference 1. Note, however, that the shaft 
mounting hole will be off center - you can't use it In the 

Eccentric pulley. 

initial turning, filing, and sanding of the rough cut pulley 
when it's mounted in an electric drill. 

Instead, the rough cut pulley is mounted on center to a 
mandrel with machine screws as shown in Photo C. The 
off-center shaft hole is drilled after the pulley has been com- 
pleted and removed from the electric drill. I realize that you 
may wonder how far off an eccentrically mounted circular 
pulley arrangement will be, and if it will be close enough 
to the right shape for a linear frequency scale. 

Theory 
Figure 3 shows a pulley with center P and radius PS of 

length R. It's mounted on a variable capacitor at point 0, 
which is length h off center. The capacitor and pulley rotate 
around point 0 .  A dial cord pulls horizontally on the pulley. 
Note that distance r from tangent point T to center 0 
changes as the pulley rotates through angle 8 from 
0 degrees (plates fully unmeshed) to 180 degrees (plates 
fully meshed). 
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Typical calculations for h = 0.5, R = 1, and external capac- 
itance C,, = C,, - Cmi,. 

Mandrel. 

I DI4L SETTING I 

Best fit deviation of calculated frequency from true straight Ilne. 

Because the distance r changes, the amount of capaci- 
tor rotation prbduced by a given increment of dial cord 
movement also changes. This is the desired effect. Note 
that the point of tangency T will coincide with the vertical 
y axis at 8 = 0 degrees and 8 = 180 degrees. For other 
angles in between it moves slightly to the right as shown. 
The difference in distances OT and OV will be small and 
are ignored in this analysis. Mathematically, length r is given 
for any angle 8 by the following equation: 

This formula is derived in the article's appendix. The 
appendix begins with a formula from an old high-school 
math textbook.3 It's not necessary to understand the details 
of these equations to use this technique in Amateur construc- 
tion. I've reduced the math to graphical easy-to-use results. 

Finding perimeter distance TS 
As the dial cord is pulled to the right, it unwinds from the 

pulley. The unwound length is perimeter distance TS. 

0 
(degrees) 

0 
1.8 
3.6 
5.4 
7.2 
9.0 

10.8 

'i" 
180 

Length TS 
(inches) 

0 
0.0471 1 
0.09419 
0.14121 
0.18815 
0.23498 
0.28169 
0.32825 

1 
3.1416 

Frequency F 
(kHz) 

0.1 
0.09950 
0.09901 
0.09853 
0.09806 
0.09759 
0.09713 
0.09667 

I 
0.0'1071 

Assume the dial cord is pulled an equal amount for each 
increment of change in the main tuning knob and dial. This 
is what happens with the usual dial and tuning knob 
arrangement, where the dial is driven by an on-center 
pulley of approximate radius Rl2. That is, the dial rotates 
through 360 degrees for a 180-degree rotation of the capac- 
itor pulley. If you know distance TS for each angle 8, you'll 
know the capacitance change for each increment the dial 
cord is pulled, or (in effect) each increment of dial rotation. 

The method for finding distance TS using numerical 
integration follows. I calculated the distance r from Equa- 
tion 1 by taking 100 increments of 8 from 0 degrees to 180 
degrees for a preselected offset h. The perimeter distance 
traveled through a 1.8-degree increment of 8 is equal to: 

Each small increment s will be slightly shorter than the 
previous one. Add these increments of length from 0 to 8 
degrees for each angle 8. 1 now have a table of values of 
length TS for all 100 values of 8. I repeat the process for 
each offset value h. One such table is shown in the first two 
columns of Table 1 (for h = 0.5 R). I recommend that you 
use a personal computer for these calculations. 

With the arrangement shown in Figure 3, the capacitance 
at 8 = 0 is equal to the variable capacitor's minimum value 
Cmi, plus any fixed external capacitance. Call the total: 

Co = Cmin + Cext (3) 
As the capacitor rotates to angle 8 degrees, its capacitance 
increases to the following: 

8 CAP = (emu - emin) x - 
180 

(4) 

The frequency, however, is given as follows: 

F =  I 
(5) 

2 n ~ L ( C ,  + CAP) 
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FREOUENC Y RA T I 0  

Percenterrorasafunction of frequency ratio forfour offset values h. 
This is the main result of the calculations. 

DIAL SETTING 

p: 0.1 
0 

E 
c 0 
E .  
l o .  
C, e 

-0.1 

Deviation with external capacitance set for minimum error. 

.' ,..**... . 
. . .** ....* 0 .  *....** 

Select a value for Co (a value of external capacitance). 
Calculate CAP from Equation 4 and f from Equation 5 for 
each of the 100 values of 8 in the table. Include these num- 
bers as a third column in the table. 

0 20 40 60 80 100 

Frequency linearity 
For a particular value of pulley offset h and a particular 

value of external capacitance C,,,, you now have 100 
values of dial position TS and 100 corresponding frequen- 
cies. You may wonder about the linearity of the resulting 
frequency if you're using a linear dial like one made from 
a circular protractor (suggested in Reference 1). This ques- 
tion is best answered by drawing a best-fit straight line 
through the points on a graph of frequency F versus dial 
position TS. The deviations of the points calculated from 
this best-fit straight line give the error. A graph of these 
deviations is shown in Figure 4. 1 prefer to divide the error 
by the frequency range covered and call this the percent 
error. Then I plot percent error versus frequency ratio 
fmax/fmin 

For each offset value h, you can try a range of fixed exter- 
nal capacitance to see which gives the lowest percent error. 
Note that frequency range covered, and therefore the fre- 
quency ratio, will be different for each value of external 
capacitance. 

Frequency ratios 
These data points are plotted in Figure 5 for values of 

offset: h = 0.05, 0.1, 0.2, and 0.5. Note that there's a range 
of values for each h value where the percentage error is 

ratios. 
This is to be expected, because a larger frequency ratio 

requires a larger difference in the capacitance changes at 
the dial ends than a low ratio does. Larger offsets h pro- 
duce larger differences in the distance r at the C,,, and 
Cmin ends. 

Also note that the minimum percentage error is larger 
with larger values (sf h. This is undoubtedly because an off- 
center circle isn't exactly the right shape for a linear frequency 
scale. The variation from the correct shape becomes greater 
at larger frequency ratios. 

Nevertheless, quite acceptable percentage errors are 
produced with the easy-to-build, circular, off-center mounted 
pulleys. As I mentioned earlier, I consider an error of 0.2 
percent, or 1 kHz, in a 500-kHz frequency range dial very 
acceptable. This is about the limit at which I can set such 
a dial by eye, if I'm very careful. 

Figure 6 shows another plot of frequency differences from 
a best-fit straight line with an external capacitance set for 
an error near the minimum. I've included this to illustrate 
the type of error you would normally experience because 
you'd usually select a deviation h and external capacitance 
C,, for a minimum error. 

Figure 5 is the key operating result of all this theory. You 
can use it to optimize any off-center tuning design. You can 
also see what effect small differences in mechanical dimen- 
sions or external capacitances will have. In general, 
because the curves are so flat near the minima, minor con- 
struction differences won't have much consequence. Small 
percentage errors are readily achievable as the next section 
will show. 

1 CAPACITOR DRIVE 
P U L L E Y  D I A L  

Impossible arrangement. 

Practical verification 
I built an operating model to verify these results. A note 

on the overall dial stringing is necessary here. Any off-center 
pulley like the one shown in Figure 3 requires that the dial 
cord be returned to the pulley at the same (varying) rate 
it is removed. Otherwise the cord will become too loose or 
too tight. The simple sketch in Figure 7 won't work with this 
off-center pulley. 

Resolve the problem by using a second off-center pulley, 
offset in the opposite direction. Figure 8 shows an offset 
which has been greatly exaggerated. As the main tuning 
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(continued from page 56) 

I IDLER 
PULLEY I 

Dual eccentric pulley arrangement. 

Mandrel for pulley construction. 

knob is rotated clockwise, the top dial cord comes off the 
off-center pulley and an equal amount is picked up by the 
other pulley from the bottom cord. You need a small idler 
pulley to keep the bottom cord horizontal (approximately). 
This is the arrangement I selected and built. It's shown in 
Photos D, E, and F and operates very smoothly. 

Pulley details 
I completed the pulley construction using the method in 

Reference 1. 1 also built the mandrel shown in Figure 9 
and Photo C using the same techniques. This mandrel 
holds the large pulleys on center when each is mounted 
temporarily to the mandrel with four machine screws. After 
a large pulley is shaped and the groove is cut, it's removed 
from the mandrel and its mounting hole is drilled off center. 
My large pulleys have a diameter of 3-112 inches. 
The mounting hole was drilled 0.175 inches off center for 
h = 0.1. 

You can do this easily by marking the off-center location 
with an awl, drilling it with a small 1116-inch or smaller drill, 
and increasing the hole diameter with gradually increasing 
bit sizes. The final one should be 318 inch. The second large 
pulley has its mounting hole cut for 314 inch with a hole- 
cutting attachment, like the one shown in Reference 1. This 
larger size lets you mount the locking shaft securely. The 
two pulleys are held together with machine screws. Check 
the photographs for details. 

Pulley sizes 
I mounted an aluminum front panel and subpanel on an 

aluminum bottom plate following the sketches in Reference 

1. In this case the dimensions were as follows: 
Dial pulley diameter: 2-114 inches. 
Dial pulley centered 2-518 inches above base plate. 

Dial assembly, front view. 

Dial assembly, back view. 

Dlal assembly, top view. 
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EXTERNAL CAPACITANCE ( p ~ ~  J 
Frequency ratios for various external capacitors. 

-1.2 1 I I 
0 50 100 1 50 200 250 

DIAL READING 

Measured results for 5.5 to 6.0-MHz range. 

dial 
0 

20 
40 
60 
80 

100 
120 
140 
160 

Frequency 
(kHz) 
5500 
551 9 
5539 
5559 
5579 
5600 
5620 
5640 
5660 

dial 
260 
280 
300 
320 
340 
360 
380 
400 
420 

Frequency 
(kHz) 
5760 
5780 
580 1 
5820 
5839 
5859 
5880 
5899 
5920 

The circuit 
It's important to use a high quality capacitor. For rrly setup, 

I used the ARC5 oscillator capacitor' shown in Photo A. 
Photo E has the details. I also used the CA3028 circuit with 
emitter follower buffer of Reference 1. 1 tried several values 
of fixed capacitor to establish the value needed for a 1.1:l 
frequency ratio. The graph in Figure 10 shows the measured 
results. About 600 pF is right for the dial with its h = 0.1. 

Deviation of measured frequencies with 600-pF external capacltan~e Frequency readings 
(2.0 to 2.2 MHz). 

With the pulley directions just given, a 250-degree rota- 
tion of the circular protractor dial gives slightly less than 
180 dearees of caoacitor rotation. I took readinas everv 

I cut the shafts to length, and once all were operating 
smoothly I strung the dial cord as shown in Figure 8. You Conclusion 

10 degrees from 0 to 250. then plotted and curvgfit the6 

should use a small spring at one end to keep the dial cord I find it practical to perform near linear tuning using dual 
under tension. The arrangement is shown in Photos D (front eccentric pulleys, and know of no other way to get this kind 
view), E (back view), and F (top view). of linearity out of a straight line capacitance variable. The 

r- 

- 4  - 

-8 
0 50 100 150 ZOO 250 

DIAL READING 
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to a straight line. Figure 11 shows the results. The less than 
0.8-kHz error for a 2 to 2.2-MHz range agrees with the cal- 
culated results shown in Figure 5. 

Another check with 220-pF external capacitors is shown 
in Figure 12. The resulting 1-percent error also agrees with 
Figure 5. 

Finally, I decided to see how well this off-center appara- 
tus can cover the 5.5 to 6-MHz range. This is the 500-kHz 
range used in my Kenwood transceiver. I replaced the pro- 
tractor labeling with a paper disc of new labels from 0 to 
500, covering the 0 to 250 degrees on the original labels. 
I left the outer degree lines visible and indicated 2-kHz 
markings. Then 1 mounted an external 140-pF APC trim- 
mer capacitor next to the oscillator coil and changed the 

Devlation of measured frequencies (2.8 to 3.4 MHz; 220 pF external). fixed capacitors as shown in Figure 13. 
After adjusting the inductor for 5.500 MHz at the low end 

and the trimmer for 6.000 MHz at the high end, I took fre- 
Capacitor pulley centered 2 inches above base plate. quency counter readings for every 20-kHz position of the 
Idler pulley diameter: 314 inch. dial. Table 2 shows my results. A 1-kHz maximum error 
Idler pulley centered 11/16 inch above base plate. across the dial is acceptable, in my opinion. 



technique appears to be new, probably because the math 
required for analysis is quite involved. But by using the main 
result of Figure 5, you can build practical tuners easily in 
your home workshop. 

A 

~~~k at our PgW&siLE Fg-AARY$( ,, 

"ON WINDOW" Line 

External capeciton for 5.5 to 6.0-MHz range. 
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r = ID [2h cos 8 + V4h2c&  - 4(h2 - F ) ]  (11) 

To derive Equation 1, start with the general equation of 
a circle: 

2 + f + A x + B y + C = O  (6) 
This is given in polar coordinate form by Curriers on page 
291 : 

Using the well-known identity 1 - cos2 8 = sin2 8: 

? + r(A cos 8 + B sin 8) + C = 0  (7) 
For the circle in Figure 3, the x axis is as shown and the 
y axis would be perpendicular to it. Angle 8 and distance 
r are shown. A circle centered at x = h, y = o is given 
by the following equation on page 240 of Reference 3: 

(X - h)* + f = R2 (8) 
Value R is the distance from P to S, the true radius of the 
circle. Expanding Equation 8 you get: 

2 + f - 2 h x + h 2 - F = O  (9) 
Compared to Equation 6, A = -2h, B = 0, and C = h2 
- R2. 
So Equation 7 can be written for the circle of Figure 3: 

r* + r(-2h cos 8) + h2 - R2 = 0  (1 0)  
Solve for r using the quadratic equation: 

Rejecting the negative value gives you Equation 1. 

REFERENCES 
1 John R P~vnlchny. NPDCH. "A Homebrew Tunlng Dlal;' Ham Radm. December 1988, page 75 
2 John R P~vn~chny. NZDCH. "Llnear Tun~ng w~th a War Surplus Capac~tor:' Ham Radro. June 
1989. page 40 
3 C H Curr~er. E E Watson, and J S Frame. A Coursem General Malhernalm, Macrn~llan. New 
York. 1957 
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INTRODUCTION TO 
WAVEFORM GENERATORS 
PART 3 
liiangle and 
sawtooth 
waveform generators 

By Joseph J. Car4 K41Pv PO. Box 1099, Falls 
Church, Virginia 22041-0099 

T riangle and sawtooth waveforms (Figure 1) are 
examples of periodic ramp functions. The sawtooth 
in Fiaure 1A is a sinale ramD waveform. The volta~e 

beains to rzi e linearly at t h e  tl. ~t time t2 the waveform 
drops abruptly back to zero, where it starts to ramp up 
linearly again. The sawtooth is usually periodic, although 
single sweep variants are sometimes used. The period is 
defined as T (see Figure IA), so the frequency is 1/T 

The triangle waveform in Figure 16 is a double ramp. The 
waveform begins to ramp up linearly at time t l .  It reverses 
direction at time t2 and then ramps downward linearly until 
time t3. At time t3 the waveform reverses direction again, 
and begins ramping upwards. The period of the triangle 
waveform (T) is TlT3. 

Ramp generators are derived from capacitor charging 
circuits. I discussed the familiar RC charging curve earlier 
in this series. It's reproduced in simplified form in Figure 1C. 
The RC charging waveform has an exponential shape, so 
it's not well suited to generating a linear ramp function. 
There are two approaches to forcing the capacitor charging 
waveform to be more linear. The first is to limit the charging 
time to the short quasi-linear segment shown in Figure 1C. 
The ramp obtained isn't very linear, is limited in amplitude 
to a small fraction of V1, and has a relatively steep slope 
that may or may not be useful for any given application. 
A superior method is to charge the capacitor through a con- 
stant current source (CCS). Using the CCS to charge the 
capacitor results in the linear ramp shown in Figure 1C. 

Triangle and sawtooth waveform oscillators create the 
constant current form of ramp generator by means of a 
Miller integrator used to charge the capacitor (see Figure 2A). 
When a Miller integrator is driven by a stable reference volt- 

v 1  

VOLTS 

0 

CAPACITOR 
CHARGED 
THROUGH 

CAPACITOR 
CHARGED 
THROUGH 
RESISTOR 

(A) Example of a sawtooth waveform. Tlme t l  to t2 represents one 
cycle. (8) Example of a trlangle waveform. Time t l  to 13 represents 
one cycle. (C) Graph lllustratlng why a CCS capacitor produces a 
more linear and uniform ramp. 
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age, the output is a l~nearly rising ramp. The ramp voltage 
/ \ I  \ ;-. 

or, because T = RC: 

If Vref = +10 volts DC, and the RC time constant is T = 
RC = 0.001 seconds, the ramp slope is: 

affect the ramp generator input. 
Consider an initial state in which VB is at the negative 

limit -VB. The output V, begins to ramp upwards from a 

10 volts 
VO = 

0.001 sec (3) 

V, = 0.10 volts/second (4) 

Triangle generators 
Figure 2A shows a simplified circuit model of a triangle 

waveform generator. This circuit consists of a Miller inte- 
grator as the ramp generator, and an SPDT switch (S1) that 
can select either positive (+Vref) or negative (-Vref) refer- 
ence voltage sources. 

For purposes of discussion, switch S1 is an electronic 
switch that's toggled back and forth between positions A 
and B by a square wave applied to the control terminal (CT). 
Assume an initial condition (see Figure 28) at time t2, at 
which point V, = -V1, and the input of the integrator is 
connected to -Vref. At time t2 the square wave switch 
driver changes to the opposite state, so S1 toggles to con- 
nect +Vref to the integrator input. The ramp output rises 
linearly at a rate of +Vref/RC until the switch toggles again 
at time t3. At this point the ramp is under the influence of 

minimum voltage of: 

(R2 + R4) - vBR2 
(See Figure 3 8  for details.) 

V l =  (5) Comparator switching occurs when the differential input 
R4 R4 voltage Vid is zero. The inverting input (-IN) voltage is VA, 

bl  + v 
A 

+v1 - 

t~ t2 t 3  4 t5 t6  
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-'Eft so itdropslinear'~from to The switch toggles (A) Example of a Miller integrator used to cnate the constant cur- 
back and forth between -Vr€?f and "ref cOntinuOusl~l ,,, mmp generator. (B) The square wave signal going to the cir. 
the O"tput(VO) ramps back and between -V1 and +V1. ,,it of A and Its resulting triangle wave output. 

The circuit of Figure 2A isn't practical, but it serves as 
an analogy for the actual circuit. Figure 3A shows the circuit 
for a triangle waveform generator in which a Miller integra- The output will continue to ramp upwards towards a maxi- 
tor forms the ramp generator and a voltage comparator mum value Of: 
serves as the switch. The comparator uses the positive feed- 

v3 = MA (R2 + R4) VBR2 
back configuration, so it operates as a noninverting Schmitt + -  

R4 R4 
(6) 

trigger. Such a circuit snaps HIGH (VB = +VSa$ when the 
input signal crosses a certain threshold voltage In the posi- 
tive going direction. It will snap LOW again (VB = -Vsat) causing a peak swing voltage of: 

when the input signal crosses a second threshold in a nega- 
tive going direction. The two thresholds aren't always the V p = V 3 - M  (7) 

same potential. (R2 + R4) VBR2 
Because zener diodes CR1 and CR2 are in the circuit, vp = [ + -  

the maximum allowable value of +VB is [VCR~ + 0.71 volts, R4 R4 

while the limit for -VB is -[VCR2 + 0.71 volts. If V C R ~  = VA (R2 + R4) 
(8) 

- I VCR*, then (+VB( = 1-VB(. These potentials represent R4 
i-Vref discussed in the analogy, so are the potentials that 
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which is a fixed reference potential. The noninverting input 
(+IN) is at a voltage (VF) that is the superimposition of two 

MILLER 
INTEGRATOR 

V l  

V, VOLTAGE 
COMPARATOR 

I I I )T  
t1 tZ t3  

T l M E  

voltages, V, and VB: 

If +VB = -VB, then the positive and negative thresholds 
are equal. 

The duration of each ramp (t, and tb) can be found from: 

I- I 
RlCl 

The value of VB is selected from -VB or +VB as needed. 
In Equation 10 you find that Vp = 2VBR2/R4, so: 

VB 1 - 1  
RlCl 

RlCl 2 v f l  t a , b = I - l  1 - 1  
R4 

(1 3) 
VB 

. .  . 
(B) Detailed breakdown of one cycle of the triangle wave generator. 

t2  
T lME 

+! a - 0 

(A) Simple design of a sawtooth wave generator. (6) Output of the 
sawtooth generator; a CCS is used to charge the capacitor. 

CCS 

CAPACITOR 

CURRENT 

-7 
,Y 

I t 

t2  t3 

TlME 

vr 7 a 1" I 

(A) An example of a periodic sawtooth oscillator. (B) The same basic 
wave output. 
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or, in the less general (but more common) case of t, = 
tb: 

The frequency of the triangle wave is the reciprocal of 
the period (IIT), so: 

Sawtooth generators 
The sawtooth wave in Figure 1A is a single slope ramp 

function. The wave ramps linearly upwards (or downwards), 
and then snaps back abruptly to the initial baseline condi- 
tion. Figure 4A shows a simple model of a sawtooth gener- 
ator circuit. A constant current source charges a capacitor 
in a manner that generates the linear ramp function (see 
Figure 46). When the ramp voltage (V,) reaches the max- 
imum po~nt (Vp) switch S1 is closed, forc~ng V, back to zero 
by discharging the capacitor. If switch S1 remains closed, 
the sawtooth is terminated; if S1 reopens, a second saw- 
tooth is created as the capacitor recharges. 

Figure 5A shows the circuit for a periodic sawtooth oscil- 
lator. It's similar to Figure 4A except that a junction field 
effect transistor (JFET), Q1, is used as the discharge switch. 
When Q1 is turned off, the output voltage ramps upwards 
(see Figure 58). When the gate is pulsed hard on, the drain 
source channel resistance drops from a very high value to 
a very low one, forcing C1 to discharge rapidly. In the 
absence of a gate pulse, however, the channel resistance 
remains very high. The gate is turned off at time t l ,  so V, 
begins ramping upwards. At t2 the JFET gate is pulsed, 
so C1 rapidly discharges back to zero. When the pulse 
(t2-t3) ends, Q1 turns off again and the ramp starts oveK 
You can use the same circuit for single sweep operation 
by replacing the pulse train applied to the gate of Q l  with 
the output of a monostable multivibrator. 

The circuit of Figure 6A shows a sawtooth generator that 
uses a Miller integrator (Al) as a ramp generator and 
replaces the discharge switch with an electronic switch 
driven by a voltage comparator and one-shot circuit. The 
timing diagram for this circuit is shown in Figure 68. Under 
the initial conditions, at time tl, the output voltage (V,) 
ramps upwards at a rate of [-(-V,,f)/RlCI]. The voltage 
comparator (A2) is biased with the noninverting input (+IN) 
set to V1 and the inverting input at Vo. The comparator 
differential input voltage V,d = (V1 - V,). As long as V1 
> V,, the comparator sees a negative input and produces 
a HIGH output of +Vsat. At the point where V1 = V,, the 
differential input voltage is zero, so the output of A2 (volt- 
age V2) drops LOW (i.e., -Vsat). The negative going edge 
of V2 at time t2 triggers the one-shot circuit. The output of 

&< 
L----1 

( 2 )  ONE-SHOT 

R 1 
CIRCUIT 

-VREF-+~ 4 )  

COMPARATOR 

A 
MILLER 
INTEGRATOR A ), 

VO v1 

(A) A Miller integrator used as a sawtooth generator. The discharge 
switch is replaced by an electronic swltch driven by a voltage 
cornparatorlone-shot circuit. (B) Timing diagram for the circuit In 
Figure 6A. At time t2, the negative going edge of V2 trlggers the 
one shot. 

the one-shot closes electronic switch S1 briefly, causing the 
capacitor to discharge. The one-shot pulse ends at time 
t3, so S1 reopens and allows V, to ramp upwards again. 

The staircase generator in Figure 7A is a variant of the 
sawtooth generator circuit. The input amplifier (Al) provides 
buffering. A square wave clock signal applied to the input 
of A1 is passed through capacitor C2 to a diode-clipplng 
network (CRI, CR2). The clipping circuit removes the nega- 
tive excursions of the square wave (see inset to Figure 7A). 
The remaining pos~tive polarity pulses are applied to the 
input of the inverting Miller integrator ramp generator circuit. 
Each pulse adds a slight step increase to the capacitor 
charge voltage, so (unless there is significant droop 
between pulses) the output will ramp up to a negative 
potential in the staircase fashion shown in the inset to 
Figure 78. 

The reset circuitry in this circuit is a little different. Although 
the comparator method of Figure 6A would also work, this 
circuit takes advantage of the input square wave to provide 
the period timing of the sawtooth. The square waves are 
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The 80140-meter Fret no more. This may be just what the load your rig to 125 m ~ ,  you should 

Junkbox Rig Revisited doctor ordered - parallel 6DQ6s. be able to load it to 250 mA. It's possi- 
All vou need to do is add another ble to almost double vour Dower, or 

Some of vou mav have built the trans- final amplifier tube as shown in the increase it by 3 dB. 
mitter I described in the December schematjc diagram in Figure 1. If your 
1989 issue of Ham Radio.1 I h o ~ e  milliammeter covers onlv 0 to 150 mA. Parts to be changed 
you'veenjoyed thislittle rig, but perhips the range should be doubled to 0 to You must change the following parts. 
youw~shyouhadjustalittlemorepower. 300 mA. In other words, if you now If you refer to the original diagram, 

C 5 
I - 

RFC4 

64105 L I P 6 D 0 6  
5 

-CHANGED TO Z k J Z  

4 1  
- M 

i- 

R 4 + 
SEE TEXT 

41 

C R I  T 2 
U 

R 6  

1 2 0 V .  SO-. DPDT RELAY. I F  DESIRED. FOR MUTING 
RECEIVER AN0 ANTENNA CHANGEOVER FROM 
RECEIVE TO TRANSMIT. 

Upgraded 80140-meter Junkbox Rig. 
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you'll find that R2 is a 27-k resistor, R3 
is a 4-k wire-wound resistor, and R4 is 
a 1.5-k wire-wound resistor. These 
should be halved. You can reduce R2 
to about 12 to 15 k. However, I tried this 
and the change seemed to make no 
difference. R3 should now be 2 k; R4 
could be either 500 to 1000 ohms, or 
simply deleted. 

I don't use a voltage-dropping resis- 
tor for R4 now as I don't exceed 300 
volts with this parallel arrangement. 
You should change RFC1 to 300 mA 
or move the 6DQ6 cathode wire from 

pin 8 of the octal socket directly to the 
ungrounded side of the key jack. 

New currents and voltages 
The following currents and voltages 

result from this change: 
200 mA x 285 volts = 57 watts 

input. (Formerly 100 mA x 305 volts 
= 32 watts input.) 

250 mA x 280 volts = 70 watts 
input. (Formerly 125 mA x 300 volts 
= 38 watts input.) 

300 mA x 275 volts = 83 watts 

input. (Formerly 150 mA x 295 volts 
= 44 watts input.) 

Loading is the same as before. If 
you follow the directions in December's 
article, you shouldn't encounter any 
difficulties. 

Charlie Tiemeyer, W3RMD 

REFERENCE 
1 Charlle T~erneyer. W3RMD. "The Five-Band Junkbox Trans 
rn~lter," Ham Radto, December 1989, page 42 

Ezy tune 
While tuning around the HF bands one 
night with my Heath HW-5400, I dis- 
covered that I needed an easier way 
to change frequency than the conven- 
tional tuning knob. I came up with a 
little circuit I call the "Ezy June" (see 
Figure 1). It's easy to build and doesn't 
affect the manual tuning capabilities of 
the HW-5400. 

The master oscillator, U1, is a 555 
astable multivibrator free running at 
eight times the tuning rate in steps 

per second, as desired. The frequency 
of U1 is adjustable by R1, a 1-meg pot. 
U2 produces two pulse trains 180 
degrees out of phase which, when 
divided by the two binary counters 
U3 and U4, deliver two pulse trains 
90 degrees out of phase. This is what 
the optical encoder controlled by the 
tuning knob on the HW-5400 does. 
These two signals are swltched 
through S1, a DPDT center-off toggle 
switch, to the 81 and 82 inputs on the 
controller board. 

I built the Ezy Tune circuit on a piece 
of perfboard small enough to mount 
near the controller board. Power can 
be supplied by P703 on the controller 
board; pin 1 is 5 volts and pin 3 is com- 
mon. S1 can be panel mounted t3 the 
lower left or right of the tuning knob. 

By the way, this circuit would pro- 
bably work with other transceivers with 
optically encoded tuning systems 
using TTL-level inputs. 

Dexter King, AB4DP 

DOWN 

- - - 

The schematic of the "Ezy Tune" circuit. 
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TLC- THE RRp EYER 
By Rick Littlefield, K1BQ7; Box 114, Barrington, 
New Hampshire 03825 

, reparing for a QRP DXpedition usually means pack- 
ing to travel light. Unfortunately, adding even a few 
basic accessories can overload the radio bag in a 

hurry. Take electronic keyers, for example. Mine IS larger 
than my QRP transceiver, and loaded with features I rarely 
use. To make life on the road less awkward, I decided to 
build a miniature keyer - one designed specif~cally for port- 
able use. Not wanting to spend a lot of money, I settled on 
a single-paddle type employing inexpensive ICs available 
from Radio Shack. 

The circuit 
The design I chose is a popular one using NE555 timers! 

The circuit performed well on the breadboard, but required 
over 20 mA at 9 volts to operate. This was too much current 
for sustained operation with a small 9-volt battery. To solve 
this problem, I substituted TLC555s - a CMOS direct 
replacement for the NE555 (hence the name TLC-Keyer). 
This change reduced continuous current drain to a scant 
1.4 mA, making battery operation practical and allowlng 
me to include a reed relay output circuit. I prefer using reed 
switching because it interfaces with virtually any rig. 

The circuit consists of three simple timer stages. U1 
generates the space jnterval between characters, while U2 
and U3 generate dot and dash outputs, respectively. A 10-k 
linear pot varies sendlng speed by raising or lowering the 
timing interval of all three chips simultaneously. Spacing and 
character timing may be altered by substituting new values 
for the 33 and 82-k series resistors in thls portion of the circu~t. 
For example, changing the 82-k resistor to 100 k results in 
longer dashes. 

A 2N2222 DC switch actuates relay K1 whenever the 
output of U2 or U3 goes high. For self-powered operation 
from a 9-volt battery, a 470-ohm current limiting resistor is 
connected in series with the 5-volt relay coil. For 12-volt 
operation, use 1.2 k or install a jumper and a 12-volt relay. 

Construction 
Board construction is straightforward - simply follow the 

parts placement diagram shown in Figures 1A through 1C. 
Remember to observe CMOS handling precautions when 
installing the TLC555s. Also, install jumpers and inter- 
connecting leads. 

Details for constructing and mounting the paddle assem- 
bly are shown in Figure 2. 1 fabricated the paddle arm from 
scrap G-10 board (all copper removed). The key contact 
is a 114-inch no. 4-40 screw and no. 4 nut. I filed the screw 
tip flush with the nut, and polished it to make a better contact 
surface. LexanTM or StyreneTM sheet stock makes a good 
paddle, and is readily tapped to accept no. 2-56 or no. 4-40 
mounting screws. Standard 318-inch no. 6 spacers and 
90-degree L brackets support the paddle assembly above 
the pc board components. Two 314-inch no. 4 spacers serve 
as dot and dash contacts. Contacts should be roughly 
aligned and screws tightened before the pc board is 
installed in a cabinet or on a base. 

Final packaging depends on how you intend to power 
the keyer. One option is to mount the board, paddle, and 
battery in a small project box. This lets you operate on inter- 
nal power and use the keyer wlth any rig. The second option 
is to borrow power from your transceiver - replacing the 
key jack with a stereo jack, and using the tip connection 
to supply 12 volts. Obviously, eliminating the battery will 
reduce the size and weight of the keyer package. 

I don't recommend mounting the keyer electronics inside 
your rig. For one thing, the "common" key line of thls cir- 
cuit is the output of U1, and this must remain ~solated from 
ground. Also, the pc board fits neatly on the keyer base 
without contrlbutlng to its size. No real space savlng is 
gained from putting it inside the radio. Whether you pack- 
age the keyer in a project box or on a weighted base plate, 
cement a rubber pad to the bottom. This will reduce skidding 
on smooth surfaces. 
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The circult schematic. 
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The foil side of the pc board. 
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The component placement guide. 

KEYER PADDLE ARM 
11/16" G-10 EPOXY PC BOARD. COPPER REMOVED 3 ' X  l / Z O )  

PADDLE 
(1 /16"  OR 3 / 3 2 "  LEXAN OR STYRENE) 

NO. 4 - 4 0  TAPPED 
2 HOLES 

The paddle assembly. 

Capacitors 
2 0.1 pF Mono 
3 1 ,+ Mono or equivalent 

Resistom 
3 100 
1 2.2 k 
1 10 k 
2 33 k 
3 47 k 
1 82 k 
1 10-k linear pot 

Semiconductors 
3 TLC555 
2 2N2222 
4 1N914 

Miscellaneous 
I pc board (Available from f i r  Circuits, 18N640 Field Court, 

Dundee, IL 60118, lor $4.00. Price includes shipping and handling.) 

PADDLE ~ 0 . 4 - 4 0  x 1 / 8  OR 3/16 SCREWS 

PADDLE ARM 
r N 0 . 4  SOLDER LUG 

314" ~ 0 . 4  S P A C E R / ,  1 1  1 1  I L 3 / 8 "  N0 .6  SPACER 

J" No.6 x 112- SCREW 
NO. 4 MOUNTING SCREW 

N 0 . 6  STAR LOCKWASHER 

Dlmensions of the completed paddle assembly. 
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Operation 
Keyer setup is purely mechanical. To make fine centering 

adjustments on the arm, place the tip of a flat-blade screw- 
dr~ver between the two support spacers and torque the arm 
gently in the desired direction. When you've completed this 
operation, you may want to readjust the dotidash posts for 
the desired contact spacing. Finally, connect the keyer out- 
put to an oscillator or rig, set the speed control midway, 
and start sending. If the keyer fails to operate, confirm that 
you have power and that diodes, chips, and transistors are 
positioned correctly. 

Conclusion 
The finished key, shown in Figure 3, measures 2.6 by 1.5 

by 1.5 inches, and weighs only a few ounces. This 
represents a vast improvement in portability over my old 
one! The keyer works well - with one minor reservation. 
I had used the Curtis 8044s for years, and the TLC's 
unbuffered input threw me on my first sending attempts. 
With no buffer, the keyer can't accept a dot while a dash 
is completing. Consequently, I rapped out a few "CO DE 
M1BOTs" before I brought my thumb under control. How- 
ever, I adapted quickly and can now switch from one keyer 
to the other without difficulty. 

The TLC-keyer is now a permanent part of my QRP station, 
and I travel several pounds lighter for my effort. If you face 
a similar dilemma at packing time, give it a try. The price 
is right, and so is the size! 

REFERENCES 
1 Wes Hayward. W7ZO1, and Doug DeMaw. WIFE. Sol10 Slate Desogn For Ihr  Hadlo Amabur 
ARHL. 1985, pages 177.178 
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DOWN EAST MICROWAVE 
1 

(continued from page 9) 

was also done in the familiar "bruns- 
wick green," but it boasted more selec- 
tivity and punch. It was the old S-40A. 
I saved my money for it a long time and 
finally, when it seemed I could scrape 
together no more, my parents matched 
my funds so that I could have it for a 
birthday gift. 

The order was placed with Bob 
Henry out in Butler, Missouri and the 
radio was promised for delivery in time 
for my October birthday. In those days 
there was no UPS, and a radio the size 
.of the S-40A had to be shipped by Rail- 
way Express. Fate intervened in the 
form of a nationwide railroad strike, and 
it appeared my gift would arrive long 
after the birthday had passed. 

During those weeks of waiting, my 
father called Bob Henry several times. 
When he learned the special occasion 
for which the radio had been ordered, 
Bob went the second mile. He put a 
tracer out with Railway Express and 
located the radio. It was well over 
two-thirds of its journey to my South 
Carolina home, and Bob assured my 
father that it should reach our town 
only a day or two after the strike was 
settled. About that time President 
Truman intervened, the strike was 
halted, the trains rolled again, and the 
radio arrived in Sumter, South Carolina 
on the evening train from Atlanta at 
9:05 p.m. on the evening of my 16th 
birthday! 

That radio served me well, even after 
I acquired my ham ticket several years 
later. I eventually used it as trade-in 
towards a better model, the SX-42, but 
it always held a special place in my 
heart - even though it was not my first 
receiver. 

The products Bill Halligan's Chicago 
factory turned out will, I expect, always 
be held in special esteem by those of 
us old enough to remember them. I 
later owned a couple of Hammarlund 
receivers, which were also very fine 
radios. But somehow, there was a spe- 
cial mystique about the Hallicrafters 
that even the National HRO couldn't 
touch. 

Even though Bill's gear no longer 
graces our shacks, Bob Henry has 
joined the ranks of the Silent Keys, and 
the Butler store is gone, there is one 
ham who will never forget the touch 
both of them had on his life. 

Drayton Cooper, N4LW, 
Bowling Green, South Carolina 
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short circuits 

Missing Parenthesis 
In WA3EKCs October 1989 article "The 
PV-4 On Your Commodore," there was 
a small error in the proof program on 
page 64. Line 170 should be corrected 
to read: 
F1 =(l-((10.7575*(LOG(KA)lLOG 
(10)))-8) A -1)/2'ACj)) 

Program Correction 
In N1 AYW's article, "Computerizing 

Smith Chart Network Analysis" (Octo- 
ber 1989, page lo), Menu item 6 in the 
resonant circuit calculations of the 
Smith Chart program is not functional as 
it was originally listed; however, theerror 
wascorrectedin version 2.46. For those 
readers with versions earlier than 2.46, 
please insert the following two lines 
and modify line 3400 as shown below. 
2915 FR=lO A 6/(2*PI*CR*RR*QR) 
:RETURN:REM SERIES, C KNOWN 
2925 FR=QR*IO A 6/(2*PI*RR*CR) 
:RETURN:REM PARALLEL, 
C KNOWN 
3400 GOSUB 2830:GOSUB 
2850:GOSUB 2790:ON PC GOSUB 
2915,2925:GOSUB 2930:PRINT"F 
="FR" and L ="LR:GOSUB 
3010:GOTO 2870 

Short circuit for 
Tseng Liao 

In the Ham Note, "Two in one: Trace 
doubler for CRO, and square wave 
and pulse generator," published in the 
December 1988 issue, there are two 
misprints: 
(a) In Figure 3A, C4 should be Cp and 
RI3 should be Rp. 
(b) In the "Practical examples" section, 
R1 should be Rl. 

I I 
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Practically 
SDea king 

Joseph J. Car( K41PV 

GETTING TO KNOW 
THE LOGIC 
FAMILIES - 
PART 2: CMOS 
Complementary metal oxide semicon- 
ductor (CMOS) digital ICs are well 
known and readily available. Desig- 
nated by "4xxxU series-type numbers, 
CMOS devices offer extremely low 
current drain, moderate operating 
speeds, and low cost. The low current 
requirements (on the order of a few 
microamperes) of CMOS technology 
have made possible a wide range of 
portable products - from digital 
watches to calculators to laptop 
microcomputers. Because of their 
properties, CMOS devices also make 
very useful sensing circuitsfor avariety 
of applications not always associated 
with digital electronics. But before get- 
ting into the various circuits, let's review 
the basics of CMOS digital IC devices. 

CMOS digital devices 
The MOSFET transistor is the basis 

of the CMOS line of digital ICs. This 
device offers an extremely high input 
impedance because the control gate 
input is isolated from the "channel" by 
a layer of insulation (see Figure 1A). 

There are two polarities of MOSFET 
transistor, determined by the type of 
semiconductor material used in the 
channel structure. If N-type material is 
used, the MOSFET is an N-channel; if 
P-type semiconductor material is used, 
it's a P-channel MOSFET. The respec- 
tive circuit symbols for these two 
devices are shown in Figure 16. 

In digital circuits, the MOSFET will be 
in one of two conditions. When a bias 
is applied to the gate, the channel 
resistance is very high (megohms). On 
the other hand, the absence of bias 
causes the channel resistance to be 
very low (200 to 300 k). Although this 
explanation doesn't include all possi- 
ble types and is somewhat simplified, 
it will do for our purposes. 

When examining any digital logic 
element it's useful to consider the case 
of the inverter as representative of the 
whole class. Figure 2 shows the circuit 

DRAIN 

SUBSTRATE 

C H A N N E L  

GATE 
INSULATOR 

D E P L E T I O N  ZONE 

SOURCE 

of a CMOS inverter. This circuit consists 
of an N-type MOSFET and a P-type 
MOSFET connected with their respec- 
tive gates in parallel and their channels 
in series. The input of the inverter is the 
gate; the output is the junction 
between the P-channel drain (Q2) and 
the N-channel source (Ql). 

Two DC power supplies are shown: 
V+ and V-. These voltages are typi- 
cally k4.5 to +15 volts DC. In some 
cases, the V- supply is set to zero, so 
the V- terminal of the device will be 
simply grounded. 

Because P and N-channel MOSFETs 
are of opposite polarity, one will have 
a high channel resistance while the 
other has a low resistance. The two 
channels are connected in series, so 
the overall channel resistance (as 
measured from (V+) terminal to (V-) 
terminal) is very high. This resistance 
is why the CMOS device draws such 
low current - the power supply sees 
a resistance in the megohm range. The 
only time the CMOS devices draw 
appreciable current is during output 
transition from high-to-low or low-to- 
high. At that brief instant, both chan- 
nel resistances are in a transition 
region between high and low resis- 
tance values. 

Figure 3 isagraphical representation 
of the channel resistance relationship. 

P-channel and N-channel MOSFET transis- 
tor designators. Physical makeup of a MOSFET transistor. These transistors comprise most CMOS devices. 
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Schematic of a typical CMOS inverter. 

INPUT = HIGH 

It- 
OUTPUT = LOW 

Sltuation where the input of the CMOS inverter is HIGH. 

I N P U T  = LOW -'t- OUTPUT = HIGH 

Situation where the input of the CMOS inverter is LOW. 

In the cases shown in Figures 3A and 
38, the total resistance (R1 + R2) is the 
same even though the relationship of 
R1 and R2 changes. In Figure 3A the 
input of the CMOS inverter (Figure 2) 
is high. The resistance of Q1 (i.e., R1) 
is high and that of Q2 is low. Thus, the 
output line is connected through a low 
resistance to V-. In Figure 38 the 
input is low. Here, the relationship of R1 
and R2 is reversed. R2 is high, while 
R1 is low. This means that the output 
terminal isconnected to theV+ supply 
through a low resistance. 

The definitions of logical high and 
logical low states are determined by 
the voltages used. If two potentials are 
used, V- is low and V+ is high. But 
if the V- is set to zero, logical low is 
zero (grounded), while the logical high 
remains at V+. The transition point 
between high and low (or vice versa) 
occurs when the input is at a potential 
halfway between V+ and V-, or when 
V- is zero volts (one-half V+). 

Electrostatic discharge 
(ESD) damage 

The insulated gate of a MOSFET 
transistor is very thin. The ability to 
withstand high voltages is directly 
proportional to the thickness (for any 
given material). This thin layer means 
MOSFETs can handle only 50 to 150 
volts (80 volts is common). Greater 
potentials will pop through the gate 
insulation, destroying the device. Ordi- 
nary handling of tools and other imple- 
ments can create potentials up to 
several kilovolts. These potentials can 
build up in the human body, too. If you 
don't believe me, walk across a carpet 
on a dry winter day and then touch a 
grounded object! 

Unfortunately, the damagefrom ESD 
doesn't always happen immediately. It 
can show up as an unexplained "spon- 
taneous" failure sometime later. The 
usual procedure to minimize ESD 
damage is to make sure that all pins 
are at the same potential all of the time. 
This usually means working on a metal 
or carbonized foam surface, and storing 
the devices in a conductive,container 
or on carbonized foam pads. It's also 
recommended that you discharge the 
potentials on your body by touching 
something grounded (but not in the 
presence of high voltage or AC) just 
before you touch the MOSFET or 
CMOS device. Actually, it's a good idea 
to avoid handling the device at all 
unless absolutely necessary. 
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lhnsition time differences between A-series and B-series CMOS devices. 
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A-series versus 
B-series CMOS 
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There are two different types of 
CMOS devices on the market: A-series 
and B-series chips. The A-series is the 
older of the two. These devices are 
designated either with an "A" suffix on 
the type number, or no suffix on the 
type number. For example, both 
"4013" and "4013A are designators 
for an A-series type 4013 device. The 
B-series is newer; some believe it's an 
improvement over the A-series. B-series 
devices are always marked with a "B" 
suffix on the type number (e.g., 40138). 

There are several notable differ- 
ences between A-series and 'B-series 
devices. Perhaps the most well known 
is that B-series devices are protected 
from ESD damage somewhat by inter- 
nal Zener diodes which clamp or 
bypass the high voltage electrostatic 
potentials. You can get away with han- 
dling B-series devices more often than 
A-series. Note that the amount of ESD 
damage on B-series does not drop to 
zero, but it's very low compared with 
A-series. 

Another difference is the output tran- 
sition t~me. Figure 4 shows the transfer 
function of the two types of CMOS 
devices. The 6-series makes the tran- 
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sition more quickly, creating a sharper, Several methods of "making" an inverter 
faster rise time pulse. A final difference from CMOS NOR and NAND gates. 



An elementary biasing scheme for using a CMOS device in the linear mode. 

A 4017 CMOS device used as an audio amplifier. 

is that most B-series CMOS devices 
will drive alarger load than their A-series 
cousins. In one case, for example, the 
B-series will drive a load three times 
heavier than the equivalent A-series 
device. 

CMOS inverters 
Most of the circuits in this article are 

based on the inverter. There are several 
inverters in the CMOS line. You can 
also make an inverter from available 
NOR or NAND gates. Figure 5 shows 
how to make an inverter from other 
logic elements. For both the NOR and 
NAND gates, connecting the inputs 
together will cause the element to 
work. You could also make an inverter 
by grounding one input of a NOR gate, 
or connecting one input of a NAND 
gate high. Another alternative is to 
use a CMOS transistor array like the 
CD-3600 or the 4017 device. 

Linear operation of 
CMOS devices 

You can make the CMOS digital IC 
into a linear device using appropriate 
biasing methods. Figure 6 shows two 
examples of linear operation of a 
CMOS inverter. 

The elementary bias method is 
shown in Figure 6A. This circuit is qu~te 
simple. It consists of a pair of coupling 
capacitors (one on the input and one 
on the output) and a feedback resistor 
between output and input. It's possi- 
ble to exert a small degree of control 
over linearity by varying the 10-meg 
value. 

The circuit of Figure 66 is an audio 
amplifier based on the CMOS transistor 
array, type 4017. The 4017 array con- 
sists of three independent N-channnell 
P-channel complementary pairs. In this 
project, I'm using one of the 4017 tran- 

sistors. The bias is derived in a similar 
manner from the output, and also from 
the V+ power supply. 

The values of input and output 
capacitance for both circuits depend 
on the lower -3 dB frequency 
response desired. This capacitance is 
set according to Equation 1 if you use 
10 megs for the resistance seen by the 
input signal (as in Figure 6): 

Where: 
CpF is the capacitance in micro- 

farads 
F is the -3 dB point in the desired 

frequency response curve, in hertz 

Conclusion 
Although CMOS devices are nor- 

mally thought of as "digital," their 
unique properties make them useful in 
a lot of other applications. Understand- 
ing the properties of the CMOS device 
will help you make them work in other 
than normal circuits. 5 
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By Garth Stonehocker; K0RYW 

THE DX 
BEACON GAME 
Some radio stations can be used as 
beacons for DX propagation and 
research studies. There are three 
criteria for a radio station to be a 
beacon: its location, its identificat~on 
(including frequency and modulator), 
and a useful schedule - in that order 
of importance. Most frequency ranges 
(VLF, LF, MF, HF, and VHF) contain 
radio stations which are used as bea- 
cons. In the LF range, the frequency 
band from 200 to 400 kHz is set aside 
for beacon stations used by marine 
and aeronautical radio direction-finding 
receivers for determining position 
location. The MFIAM broadcast stations 
form a secondary group of beacons 
also for this purpose. Other frequency 
ranges are generally used for other 
purposes and meet enough of the 
criteria to be useful as beacons only 
by coincidence. Of course, Amateur 
Radio, research, and government 
communities have set up specific radio 
stations as beacons in many locations 
on many frequencies with usable 
schedules. 

The frequency ranges useful for 
ionospheric propagation are generally 
MF, HF, and the lower VHF. The beacons 
in these frequency ranges are mostly 
individual radio stations run by 
Amateurs, broadcasters, researchers, 
and governments. Of note is an Amateur 
network, PROPNET, with several loca- 
tions using one frequency - 14.1 
MHz. Each of ten stations transmits an 
identification in CW on a 1-minute time 
schedule with three power levels. The 
stations are located in New York, San 
Francisco, Hawaii, Japan, Israel, Fin- 
land, Madeira Island, South Africa, 
Buenos Aires, and Columbia. Not all 
of these stations are on the air consis- 
tently, so their minute time slot is not 
always in use. 

The radio stations of world time and 
frequency standards offer other oppor- 
tunities which can be used in the same 
way. The frequencies set aside for this 

purpose are generally 5, 10, and 15 
MHz; 2.5 and 20 MHz are available in 
one or two locations. Because there 
are several stations transmitting sirnul.. 
taneously on each frequency, you 
need to know the criteria for identifica 
tion (modulation and schedule) in 
order to ascertain the usable propaga- 
tion information from each location. 
Although these frequencies aren't near 
most Amateur frequencies, they are 
near enough to be translatable to the 
ham bands by interpolating between 
the several widely spaced frequencies 
available. 

Canada and Russia have trans- 
missions useful for the evaluation of 
propagation on several frequencies 
which span some of the ham bands, 
but they aren't the standard frequencies 
of worldwidecoordination. For example, 
Canada's CHU (Ottawa) frequencies 
are 3330, 7335, and 14670 kHz and 
Australia's VNG frequencies are 4500, 
7500, and 12000 kHz. These frequeri- 
cies are sufficiently close to the 80, 40, 
and 20-meter ham bands. Russia'sfre- 
quenciesfor RID (Tashkent) and RWM 
(Moskva) are 4 kHz higher and 4 kHz 
lower, respectively, than the standard 
frequencies. These systems give the 
DXer some propagation beacon 
options to enhance his operation. Next 
month I'll discuss some low cost and 
high tech monitoring equipment and 
its use. 

Last-minute forecast 
The best time for long skip openings 

on the higher frequency bands (10 to 
30 meters) is the first few days of the 
first week and the fourth and last weeks 
of the month. Solar flux is expected to 
be high and, consequently, raise the 
MUF at this time. If the flux peaks very 
high (greater than 250 units), signal 
levels may be below normal on the 

lower frequencies. Transequatorial 
openings should be good some even- 
ings, particularly on days of geomag- 
netic disturbance. Geomagnetically 
disturbed days are expected around 
the lst, loth, 20th, and 28th. The lat- 
ter two dates are disturbances most 
likely associated with the starting of the 
winter absorption anomaly (STRAT 
WARM). The lower bands are also 
affected, but should be best the sec- 
ond week. Expect low thunderstorm 
noise and good signal levels then. 

Lunar perigee occurs on the 8th; a 
full moon appears on the 11th. The 
Quadrantids - a short, but intense, 
meteor shower - will occur between 
January 2 and 4, and last a few hours. 

Band-by-band summary 
Ten and 12 meters, the highest day- 

time DX bands, are nearest the MUF 
for paths to the Southern Hemisphere. 
They will be open most days during the 
five hours before and seven hours after 
local noon for solar flux levels above 
220, with shorter hours for lower flux. 
These bands open on paths toward 
the east in the morning and close 
toward the west in the evening. The 
paths are up to 3500 km (2100 miles) 
in a single hop and multiple hops are 
usually available. On occasion, trans- 
equatorial openings (multiple hops with- 
out ground reflection) produce high 
strength signals during late evenings. 

Fifteen and 17 meters are open most 
days to the south. They are the transi- 
tion bands available to the east, or the 
highest to the west and occasionally to 
the north when the solar flux is up 
above 220. When used to the south, 
these bands have more signal distor- 
tion (multipath) than 10 and 12. The 
exception occurs when the bands are 
just opening or closing into the night, 
particularly on 17 meters. They are 
best used in other directions when the 
MUF is just above them. 

Twenty and 30 meters are now both 
daytime and nighttime DX bands. 
Twenty is the lowest band available to 
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the south at night and generally to the 
north in the daytime. Thirty is the main 
band to the north both day and night, 
and is the highest band open much of 
the time at night to the northeast and 
northwest. These paths may be 
affected occasionally by 10 to 20 dB 
of extra absorption from the winter 
absorption anomaly. 

 FOG^, 80, and 160 meters (the night 
only DX bands) exhibit short skip 
propagation during daylight hours, 
then lengthen skip at dusk. These 
bands follow the darkness path, open- 
ing to the east just before local sunset, 
swinging more to the north-south near 
midnight, and ending up in the Pacific 
areas for a few hours before dawn. 
These bands can be used to the south, 
but will exhibit increased signal distor- 
tion from multipath. The winter absorp- 
tion anomaly also affects these bands 
great1y.a 
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N.F. 
(dB) 

<1.1 
~ 1 . 3  
c0.5 
~ 1 . 5  
<1.0 
c0.5 
c1.8 
c1.2 
<0.5 
~ 1 . 8  
<1.1 
~ 0 . 5  

1 dB 
Comp. 

0 
0 

+ 12 
0 
0 

+ 12 
0 .  
0 

+ 12 - 20 - 20 
+ 12 

Devlce 
Type 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFLT 

GaAsFET 
B~polar 
Elpolar 

GaAsF ET 
Alpha - Ameritron - AMP - Henry 
Dentron - Heathkit - TenTec - Etc. 

lnllne Id m l t c h d )  
SP28VD 
SPWVD 
SPWVDG 
SP144VD 
SP144VDA 
SP144VDG 
SP22OVD 
SP220VDA 
SP220VDG 
SP432VD 
SP432VDA 
SP432VDG 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
B~polar 
Elpolar 

GaAsFET 

I k 35 Years Experience as the - 
I Service Manager with a 

1 maior manufacturer I 
Authorized 

Dealer 1 OMEGA Visa & Master Card I E w y  pmempllR.r la pnclrion allpmd on ARR'e H.rrkn P.ckerd HPWTDMF'346A 8lmtwf -War l  ndw flgum 
meter. RX only pmam llllem ere for recalve ep Ilcatlonm only. lnllne pmempllflem am ti swllched (for use 
with tranecelvers) antfhandle 25 watts transmiter power. Mount Inline reampllflers between transcelrer 
and power amplifier for high power appticstlons. Other amateur commerclafand s cia1 mampllflers svalleble 

In the 1:1000 MHz range. G a s e  fnclude $2 ah1 plng In 
U.S. and Canada. Connecticut residents adg7.'/2% 

Rdvonced trles sales tax. add C.O.D. 10%. orders Order add your $2. ARR Alr mall R X  lo only foreign or lnllne coun 

Receiver preampllfler today and star1 hearing llke never belorel 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

919-832-1025 f l  161 
Resacrrch 

Box 1242 Burlington, CT 06013 203 582-9409 l3E!lm (1990 U.S. CALL DIRECTORY 
(on microfiche) 

.................. 1 Call Directory - by callsign $10 
- ................. Name Index by last name $10 

- .......... Geographic Index by statelcity $10 
All three - $25 

$3 shipping per order 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mineral, Virglnia 23117 
, 1031894-5777 visalmc 8001282-5828 

lar Power 
t]fIi ill 

I < \ <  . I  5 \ b , \ l  c b n 

4 

H 160 

84 Ham Radio/January 1990 

~ V H F  
COMMUNICATIONS 

9 00 am - 5:30 pm 
weekdays 

Weekends and evenlngs 
by appolntment 

I f b I  nL8-o rnLmcT=wt- 

280 Tiffany Avenue YuDrv&.Yalr&..,r -.z&PrprCrd..wh' 

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



High Power Absorption 
Wattmeters From Bird 

Blrd Electronic Corporation has a complete 
line of high power TERMALINEm absorption 
wattmeters with power ratings from 1.5 to 
10 kW and calibrated frequency ranges of 54 
to 890 MHz. 

The new Bird high power models feature full 
capacity loads with built-in wattmeters that use 
temperature-compensated elements for 
accuracy. The units are available with 3 118" EIA 
flanged and unflanged connectors requiring no 
extra wattmeter line sections. All power levels 
(except the 10-kW models) are available with 
both convection and blower forced air cooling; 
the 10-kW versions have forced air cooling only. 

All models include a temperature sensitive 
thermosw~tch for air overheating interlock pro- 
tection. Forced air units include a thermoswitch 
that turns on the blower automatically when 
needed. A manual control is provided as well. 
All models have an accuracy of i 8  percent 
full scale. 

For complete details contact Bird Electronic 
Corporation. 30303 Aurora Road. Solon. Ohio 
44139. Phone: (216)248-1200. 

Circle U311 on Reader Service Card. 

SlGN ON products are designed for all types 
of automotive vehicles. A suction cup version 
allows for inside window mounting; the magnetic 
mount design attaches to exterior metal vehicle 
panels. 

The price is $8.50 per sign. postpaid. or two 
for $15. Volume discounts are available. For more 
information contact SlGN ON. 1923H Edward 
Lane. Merrick. New York 11566. 

Clrcb #312 on Reader Service Card. 

See your author~zed Kenwood Amateur Radlo 
dealer for detalls or wr~te Kenwood USA Cor- 
poratlon. PO Box 22745 2201 E Domlnguez 
Street. Long Beach. Callforn~a 90801 5745 
Suggested retall prlce $59995 

New HamtronicsB Catalog 
Hamtron~cs, Inc. has a new 40-page catalog. 

New products include a computerized repeater, 
900-MHz transmitter, and subaudible tone 
decoder (CTCSS) module. A large selection of 
VHFIUHF transmitter autopatches, converters. 
preamps, and accessorces are also featured. 

For your copy write to Hamtronics. Inc., 65-F 
Moul Road. Hilton, New York 14468-9535. 
Phone: (716)392-9430. FAX: (716)392-9420. 

Circle U310 on Reader Servlce Card. 

New Dual Bander 
from Kenwood 

The new Kenwood TM JOlA 2 meterl70cm FM 
dual bander has 20 memory channels, 25 watts 
on 2 meters and 70 cm, selectable full duplex 
operation, brtght amber LCD dlsplay, and more. 

SWR And Power Meter 
Palomar Engineers has announced a new 

deluxe SWR and power meter. Model M-835 
uses Palomar's patented system that gives 
readings continuously even when you're oper- 
ating CW or SSB. It has four power ranges. 2, 
20,200 and 2000 watts. Both power and SWR 

Custom Call Signs 
SlGN ON of Merrick, New York adds a new 

look to their product line of transferable Custom 
Call Signs. The flexible plastic 2-114" x 8" signs 
now feature the words "Amateur Radio" and 
your call In white lettering. They may be ordered 
in your choice of black, blue, or red background 
colors. 

Features Include: 
Extended frequency coverage on 2 meters 
New DTMFIcontrol functlon microphone 
Dual dlgltal VFOs 
Adjustable frequency step selection 
CTCSS tone encoder built In (optional TSU-6 
enables tone decode) 
Multlmode scannlng wlth carrler or tlme- 
operated stop. 

AEA PakMail 
MailboxIUpgrade, 
New PK-232MBX 

Advanced Electronics Applications 
announces an upgrade for the PK-232 multi- 
mode data controller which includes PakMail 
mailbox with third-party traffic. This upgrade, the 
PK-232MBX (MailBox), includes firmware and 
a daughter board. Customers who purchased 
the PK-232 on or after September 15, 1989 can 
obtain the update free for a $5 shipping and 
handling fee. 

Available to current PK-232 owners, the firm- 
ware upgrade with PakMall and daughter board 
is $65, the flrmware only, wlthout PakMail and 
TDM. is $30. 

The price of the PK-232MBX will remain at the 
current Amateur net of $349.95. To keep the 
price at this level. AEA will cnclude an RS-232 
interface cable with each unit instead of the more 
expensive "Y" cable. The "Y" cable can be pur- 
chased as an optton for a suggested retail price 
of $40. 

For details contact Advanced Electronic Appli- 
cations, Inc.. PO Box C;2160, Lynnwood. 
Washington 98036. To order the upgrade call 
AEA at (206)775-7373. 

Clrcle U308 on Reader Sewlce Card. 

(continued on page 90) 
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30th ANNUAL 

TROPICAL HAMBOREE 
AMATEUR RADIO & COMPUTER SHOW 

FEBRUARY 3-4,1990 
YOUTH FAIR EXPO CENTER 

200 + EXHIBIT BOOTHS 1,000 INDOOR SWAP TABLES 
300 CAMPSITES WITH HOOK-UPS FREE PARKING 15,000 VEHICLES 

PROGRAMS & ACTIVITIES FOR EVERYONE 

FRIDAY SPECIAL!!! 
ATTORNEY C,L.E, SEMINAR 

Conducted by ARRL Legal Strategy Committee 

Registration: $5.00 Advance - $6.00 Door. Valid Both Days (Advance deadline Jan. 26) 
Swap Tables: $20.00 each + Registration. Power: $10.00 per User 

Campsites: 3 Days (Fri., Sat., Sun.) $40.00 (Thurs. by  Special Arrangement) 
Headquarters Hotel: Miami Airport Hilton - $78.00 Single, Double 
Alternate Hotel: Airport Lakes Holiday Inn - $55.00 Single, Double 

WRITE TODAY Send to: Chairman, Evelyn Gauzens, W4WYR 
FOR DETAILED BROCHURE 2780 N.W. 3rd St., Miami, FL 33125 
& RESERVATION FORMS Tel.: (305) 642-41 39 

GREENVIL LE.  N H  0304R 

(603) 878-1441 
FAX (603) 878-1951 

- 
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I P l e a s e  e n c l o s e  $3.75 shtpplng & h a n d l l n g  

IPUTER PROGRAMS 

I by J o h n  Uevoldere. ON4UN 
.I,,<! .IIIOI~I ( 2 ~ ~ < ~ ~  I I I ~ ~ ~ P S I O (  ~ tced  ~scovered-froman$nnadesionandoptimmtion 1 0 ~ n e r a l  I 
ttlwr.tt 0 ,  or I~I,IIII, AIIII~IIIIA [ t roqnrns include shunt and s h e s  ~ n p u t  L n e m r k  destgn. I ir+:,tt I f, t~+IIe11~IIII181 \tt~trtt III~IWOIC aPstan. SWR calcutat~nn. p.ds 11 more Genera Ham I 
proqrams ~r lc lude sunr~se/suttsel circle dlstattces, grayltne. verttcal antenna des~gn  
program, sunrlst! calendar p l ~ s 9 ~  **I value I" computer software ava~lable to(1ay 

19R6 
I SUN-Apple l l s l l l c  $39.95 ea. 
! IUN-US (MS-DOS) $39.95 0s. 
i IUN-CPMIKaypro $39.95 sa. 
I UN-C.128 (COMMMH)AE) 539.95 sa. 
I 'UN-MAC (MACINTOSH) U9.95 

LOW BAND DX'ING 
b y  J o h n  Oevoldere, ON4UN 
Now Pvatlahlel The new, 2 n d  editionof,thedefinitivebookon LmvBandDX' ing.  Based  
uport years ol practical on- the-a~r  experience, leam the secrets o f  how ON4UN has  been 
s o  successful  o n  the  low bands. Extensive coverage IS g w n  t o  t ransmtt  a n d  receive 
antennas wtth clear conclse explanattons and  plenty o f  ~l lustrat tons-d~poles.  inverted 
V's, slopers, phased arrays and Beverages-they're all I n  l l l ~ s  book. Alsocovered. propa- 
gat ion,  t ransmlners,  receivers. operatlnp, sof tware and  a n  exlenslve L o w  Rand b ~ b .  
l ~ o g r a p h y  Gotng to  be a best seller1 Get yours  today , 1987 2 n d  E d ~ t ~ o n .  200 pages. 
i .ARUM stmlmd $9.95 

ON4UN PRACTICAL YAGl DESIGN M S - D O S )  
b y  J o h n  D m l d e r ~  ON4UN 
Th ts  camprehenstve Yaqt des ign  p r o  ram i s  based  u p o n  tes ted  antennas, n o t  theo- 
ret tcal  un-provt:n models.  Contains 18Odif ferent HF antennas, designed, tested and  
opttni ized b y  ON4UN Also con ta lns  a n u m b e r  o f  classic d e s ~ g n s  by  no ted  antenna 
exDerts W 2 W .  W6SAl  and  others,  Includes rnechanlcaldestqn 01 e lementsand  o f  the  
r o i a t ~ r q  ntast  YO.I c a n  also add  t o  the  database your o w n  I leslgns F ~ l l l y  d v t a ~ l v d  

Read rnv" ltle 6 designed t o  he lp  the  user of-1 n lax  m u m  resul ts l r o m  the  proqr. tm 

I i ION-YAGI (MS-DOS) $6995 I 

NEW BOOKS 
1990 EDITION- 

1990 RADIO AMATEUR CALLBOOKS 
NORTH AMERICAN EDITION 
Fullv updatM and edllpd l o  lncluac all thi taleSlFCCand foragn pcMtnmntcallslgn5 and Iddr~rws lw  Ham In 
No!Ih Armrlca lncltnipr plentvol haildv:ir~elatlnpaaswh as llmr chnns OSL bl!nau addrrlsar cm5ul Intor. 
rna!~nn and much Inilie Cal l5  IIOPI \ r ~ w v  I ~ d a  10 l ro~~cal  Panama Nir* 1s l h  ltnv In bov r nw Catlhool wl~pn 

I I I mot I 0 I u !  I I 1989 
Ca-m sdE.wla Sn.% 

INTERNATIONAL EDITION 
0% \ .N .I n , r v  ~nllm!l.~nl part ill wr hohw Ail rofls of awards iocttldm~ 1bmtedOXCC. rqu~irconl~fmation 
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ojrl.iI.,~il ,?lit\ rot~nn riot this super two* YIIUC 1989 

CB-F90 Sanbound SrJ.95. 
BUY'EM BOTH SPECIAL 

Reg. $57.90 Only $52.95 SAVE $4.95 
Cal lbooks  ava i lab le  ear l y  December.  

THE 1990 ARRL HANDBOOK 
Rw<redanO uodatcd i*\lhIhrIltr\ttn Alrlalt~~rleChnotcQy n o ~ ~ l ~ m e l l m a t o w d r r ~ r  vCry(*m~amolthcmrtl 
Iam~~usAllRI HbNnRllOK InaOO#tl~%n lu Ix i i ~ p t h c d e l i n ~ l ~ w r c t e r e n c ~ ~ l u m t o ~  p u t  Hamrhnrr Ihrrcnrr pl~nly 
01 [IIO~CCI$ IL)! wnry IVIII~IPSI 8" Anl,tlt,~r l i . ~>~ l  -- lrom nnlrnnas lo! wcly aDD11cdllon to the talc< *,talc 01 the art 
p f o l ~ i l ;  ~ I O  ll llnn 81 2" ln l h ~  IW! HAII:lROOk Over 11W page5 1989 

ARm b!md S22.% 
W l r b l e  Em N m b a  

MORE NEW BOOKS 
1990 EQUIPMENT BUYER'S GUIDE e d b d  by ~ a t e r  O'D~II. ~ 2 0 .  W1 Magn lno  
HPIF., the lat~sl t~t t lnq~~l tqulpmcol avdlahtr trol7ldll ollhr OiH~!rnl mlruilarlurrrs fultol hand to havcbnlolma 
trirrl tails alln tbdhllr Gwal rrlrlrnrp In th.ne w t l ~ l i  m88 are tI,nl~l)\rlq ariictnd 101 1 w 110 1989 

W-EOP Softbound $4 

PACKET RADIO is MADE EASY bv suck R o g m  I ( U ~  
NolMt!JMqamecOlurmlsl. K M  tcadswNstep.AYeow h o * I o ~ u p a c a c W ~  ftmdmMSNdadams 
all Ill? -orllng$01 packel cOmmun8Cdl~ons CIVPS YOU lnletCOnnPclt0n 6nUrUCt~Ont 101 most raalos comp~le~t md 
MFJ INC) A I ~ U I I I C I U I ( P S ~ ~ ~ O S I ~ ~ Y  0t~l~LletIrlm~dndO1tinlllonr lhalarrrrrvurrlJlnatllmlr olpackcllnlrrrrl 

!qnq 
I MU-PRME SoHbeund t4.95 

SPACE ALMANAC by%~nyCurt~s.  K3RXM 
Conil,lNtr dalJba<e almanac aan uoMtlevablevaluel 9 5 5 ~ 1 ~ s p m m  tullof~ust abwt evsry bjl ot ~ntormtlon 
pl~coilldwant #ncludlnp s ~ ~ e ~ l d l ~ o o l  shulltes u n m l n n t d ~ ~ l e l t ~ l l l  r O C L L t S d n d a l l r o n a U I I t ~ n I m c ~ ~ s t ~  IF* 
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35 * 1)10r\ nn Ham Radio 8" roac? 1989 
'@-a P l e a s e  e n c l o s e  $3.75 s h i p p i n g  & handling Sl9.95 
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Greenville. NH 03048 
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HmM 
RADIO BOOKSTORE 

GREENVILLE, N.H. 03048 
(603) 878-1441 

NEW BOOKS 
UHF COMPENDIUM Par1 Ill and IV 
Edlled by K Welner OJ9HO 

15 one 01 Ihr mosl lonq awalled books In Amateur Rad~o II 
rep~eseri~s over IWO years of work and contalns more lhan 
lhwry - 11 s chock lull of pracllcal lesled des~gns lrorn some 
01 Europe s most noted hams S u b l e ~ l ~  cwerea ~nclude nolcn 
I~ilers anrennas and IF pre amps rranslstor dr~vers lransmll 
and receive converlers power ampl~l~ers and much more Thts 
boak IS guaranleed lo be a best seller Order yours loday 
l l l i ~ s  beak IS ~mporled and suppl~es w~ l l  vary due lo shlpplng 
delays I 198'4 Is1 Edltlon 
KW-UHF3 Sonbound S29 95 

1989-1'990 ARRL REPEATER DIRECTORY 
ln~ l i~ f les  dl1 !he lhitesl repealer IhSllngs ~lva~lable Llsls 13 000 
rPpPalers ? 200 dlg~pealers and 475 beacon slallons lrorn 14 
MHI 10 24 (>HI Gel your copy ol lhls new Owh loday 

1989 
AR-RD So(lbaund 14 95 

ARRL CODE TAPES 
F u r  new sels ol Lode pracllce lapes lrom Ihe ARRL Earh sel 
conslsls of two 90 mlnules casselles and gives you almoql 3 lull 
hours 01 practlce Greal way lo sludy when you can I gel on 
Ihe atr 
I1R-1 5-10 WPM $9 95 
AR-2 10-15 WPM 19 95 
AR.3 15-22 WPM 19 95 
AR-4 13-14 WPM 19 95 

THE FABULOUS RADIO NBO 
by Brandon Wsnlworth K6UJ 
HP~P IS I tp  51 Ivy  01 one 0' WW 1 5 mosl crnpollanl radoo sla 
Iton, W~~ l t en  lrom !he l~rs l  nand slortes and aclual experfences 
01 !he men who ODeraled NRO Includes lecnn~cal descrrplrons 
0' Ine eou~omenl and antennas Grpat nlslory read~ng 

1984 151 edllmn 34 pages 
BH-NBO Sonbound $4 95 

NEWNES Rad~o Amateur 
and L~stener's Pocket Book 
by Sloven Money G3FZX 
U II!,UE collrrl~on 01 u ~ r t u l  ~nformallon for Ihe Rad~o Amateur 
and nc lecn Ihsfener Full 01 hard lo l ~na  ~nlormarlon Includes 
cones syrnaols Isrmulae lrequenc~es tn ad6111on lo AMTOR 
paCkPl and SSTV Hanfly pockel 3Wk sue 1987 1st 
ed~l~on 160 paqes 
CAC-AA Hardbound $19 95 

WIRELESS ANTENNA 'HISTORY 
A verlzal deslqn prlmer 
by Wailer Schull K300F 
Srdr., llijrh o net1 WI~IIP'I h~slory of radlo s beqlnnrnqs Nrne 
ch .~c~ r~s  cover radlo lrom Ihe llrsl ploneers IhrOuQh Ine begrn 
nln?: 01 radio rslronomy The verllcal primer IS a complele sec 
llor~ on now lo deslqn bull0 and opllmtze a venlcal antenna Full 
01 ~rolanarlons an0 handy hlnls no! IOund elsewhere 1988 
Isf m m n  140 DdqeS 
GL-OOF sonbnmd $16 95 

HINTS AND KINKS tar the Rad~o Amateur 
edlled by KBCH (L AK7M 
' I  15 lnr lir Iln I iilrir\orl 01 IUCI~ I A ~ P ~  Iron1 0S1 s n1051 
uori illr colur~ H~n l r  .tntl k8nh5 UlnPr 5 tldnfl.; on exnrrtpnce 
C,t ~ I V P  VOII flO~lr5 twlh \1111qP\I10115 on how lo hull0 I betl~r 
n i (~ i ,5~1 10 ~ n ( ~ f l r %  NO? 15 i r r i  51611011 nccer5orlec oner iltnq 
c*l rOm~uicxr~ dnlPnnd< ,hen sPtrPl5 ~tna illurn m0rP ( r r ~ , ~ l  
~IPR PO,I~OIT 'qn9 1 l l n  ~(111,011 
AR.HK Sollbound 14 95 

N6RJ'S SECOND OP MANUAL VERSION 
\I.', IVI~I,III~P fi \IIOI tult ' l lmlt 10, oaf, f 1!1puler(2efl 
n I , 5' F II 1) IIP fl lrro w ~ l r  ,111 Inr I I!??! D~PJIIP? 101~s 
Plir1,lqe ,Inn rlhp! ~n l l r rn~ l ion (IF 1 YOUR \ 1Ol)Av ,'no rfl1 
l r t l r r  1480 
CB.2OP 19 95 

Please enclose $3.75 for shlpping and handling 

the obvious: 
Flve models for antenna wind 
loads of up to 25 square feet. 
And w~th up to 9000 rn. Ibs 
braklng power. Enough to 
handle stacked HF "Long Johns" 
or a full slzed 40 meter or VHF 
monster. Wlth controller 
accuracy up to 1 All with 
stainless steel hardware and 
rugged, weather protected bell NOW, 
housings. the Hidden Extras: 

Amateur rotator tests are as 
conservatively rated as our 
commercial products. It's your 
assurance that rotator performance 
actually meets the publ~shed 
spec~f~cat~ons. Hy-Ga~n rotators carry a 
full year llmlted warranty. And we 
make them rlght here In the U.S.A so 
parts and servrce are always readily 
available. 

All backed by the best Customer Servlce 
In the Industry. For free Information and 
advlce before you buy or for helpful 
lnformatlon about lnstallat~on or trouble 
shootlng call toll free 

1-800-328-377l 
In Minnesota call 61 2-887-5528. 

TELEX. [-/@I 
TELEX COMMUNICATIONS, I N C  
9600 Aldnch Ave So . M l n n e a p o l ~ s  MN 55420 U S A 
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MASSACHUSETTS 
TEL-COM. INC 
675 Great Road, Rte. 119 
L~ttleton. MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Busmess Park Lane 
Kansas C~ty, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day servlce. low prlces. 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas. NV 89106 
(702) 647-3114 
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 Mon.-Sat. 10-5; Thurs. 10-7 
Closed SunlHolidays 

NEW JERSEY 
ABARIS SYSTEMS 
276 Or~ental Place 
Lyndhurst, NJ 07071 
(201) 939-0015 
Don WB2GPU 
ARRL. Astat~c, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen. RF 
Concepts, Tonna and much, much more! 
Tues.-Frl. 10AM-7:30PM 
Thurs. 10AM-9:OOPM 
Sat. 10AM-4 OOPM 
VisdMC 

KJl ELECTRONICS 

~ , " ~ ~ ~ ~ ~ ~  07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM. Mirage, ICOM, Larsen. 
Lunar, Astron Wholesale - retall 

Ham Radio's guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
A-TECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 
New Ham Store and Ready to Make a 
Deal1 

JUN'S ELECTRONICS 
3919 Sepulveda Blvd. 
Culver Clty, CA 90230 
(213) 390-8003 
(800) 882-1343 Trades 
Habla Espanol 

COLORADO 
ALLIED APPLIANCE & RADIO 
4253 South Broadway 
Englewood. CO 80110 
(303) 761-7305 
1 (800) 321-7305 (Orders only) 
Rocky Mts AmateurlShortwave Specialists, 
Ten-Tec. Yaesu, JRC-NRD, Sony , MFJ. 
KLM, and other flne gear. New and used. 
VlsalMC. Antennas, books, discount prlces 
tool 

COLORADO COMM CENTER 
525 East 70th Ave. 
Suite One West 
Denver, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major l~nes 
Kenwood Yaesu. Encomm, ICOM 

CONNECTlCUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 06114 
(203) 527-1881 
Call today. Friendly one-stop shopplng 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord Pike 
Wllmtngton, DE 19803 
(302) 478-2757 
Delaware's Friendhest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle, DE 19720 
(302) 328-7728 
(800) 441-7008 
Icom. Ten-Tec, Mlcrolog, Yaesu, Kenwood, 
Santec. KDK, and more. One m~le off 1-95, 
no sales tax. 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwater, FL 33575 
(813) 461-4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours Mon.-Fri. 9-530, Sat 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave 
Orlando, FL 32803 
(305) 894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours Mom-Fri. 9-5:30. Sat. 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu. Hy-Gain. Cush- 
craft, AEA, KLM, Trl-Ex Towers, Fluke, 
Belderi, Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO. Box 234 
Preston. ID 83263 
(208) 852-0830 
Mon. 9-2; Tues.-Frl. 9-6; Sat. 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on Hand 

lLLlNOlS 
ERICKSON COMMUNICATIONS, INC 
5456 N. Milwaukee Avenue 
Chicago, lL 60630 
(312) 631-5181 
Hours Mon. - Frl. 9-5 30, Sat 9-3 

INDIANA 
THE HAM STATION 
220 N Fulton Avenue 
Evansv~lle. IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM Yeasu Tenec, Cushcraft, Hy-Galn, 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Drlve 
Laurel, MD 20707 
(301) 725-1212 
(800) 447-7489 
Kenwood, ICOM, TenTec, Kantronics Full 
service dealer 
Mon.-Frl. 10-8, Sat 9-5 
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ANTENNA SOFWARE 
New Releases 

MN 2.00 analyzes free-space antennas 2 3 tlmes faster 
than before.w~th twlceas many analys~ssegments avatl- 
able New plonlng features enhance pattern shape and 
detall Better plot pnntouts Analyze almost any antenna 
made of wlre or tub~ng. In free space orover realtst~cally- 
modeled eanh Compute lorward galn FIB. beamw~dth. 
s~delobes,currenl.lmpedance SWR take oflangle and 
patterns Compute the lnteractlonamong several nearby 
antennas MN Includes lhbranesolantennaandplot ftles. 
a t~ le  ed~tor, and extenswe documentallon $75 

YO 2.00 featuresa powerlul new galn FIB-SWR tradeoff 
mechanism. optlmlzatton across a frequency band con- 
trol of all s~delobes, and full EGA color Better deslgns 
nlcer plots YO optlm~zes Yag~ des~gns by automat~cally 
adlustlng element lengths & spaclngs for maxlmum lor- 
wardgaln, maxlmum FIB, and mlnlmum SWR YO s e x -  
tremely fan, and can compute several tnal des~gns per 
second YO includes models forgamma. T. hatrpln, and 
beta matches, element tapering, mountlng plates, and 
frequency xallng A Yagt Ilbrafy, file ed~tor, and exten- 
sfve documentat~on are Included $90 

Upgrade fmm prevlous ventons for $50 & $60 Add 6% 
for Cal~fom~a & fore~gn orders For IBM-PC 

Send check or ~nternatronal money order to 
Bnan Beezley. K6STI. 507-112 Taylor. Vlsta. CA 92084 

G5RV 
MultiBand Antenna 

10 thru 160 Meter 
Factory Wired & Tested 

MADISON ELECTRONICS SUPPLY 
3621 Fannin 
Houston. TX 77004 
(713) 520-7300 
Christmas?? No@ 

MISSION COMMUNICATIONS 
11903 Aleif Clodme 
Su~te 500 (Corner Harwin & Kirkwood) 
Houston. Texas 77082 
(713) 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 Avenue 
Mdwaukee. W153216 
(414) 442-4200 
WISC. Wals: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-0411 
Mort.-Frl. 9-5:30. Sat. 9-3 

Dealers: 
YOU SHOULD BE H E R E  TOO! 
Contac t  Ham R a d i o  now for 

c o m p l e t e  details. 

NEW YORK 
BARRY ELECTRONICS 
512 Broadway 
New York, NY 10012 
(212) 925-7000 
New York Clty's Largest Full Service Ham 
and Commercial Rad~o Store. 

VHF COMMUNICATIONS 
280 Tiffany Avenue 
Jarnestown, NY 14701 
(716) 664-6345 
Open 8:00 AM till 5:30 PM 
Evenings. Saturday and Sunday by appoint- 
ment.?Western New York's flnest Amateur 
dealer. Featuring ICOM "The World System." 

OHIO 
AMATEUR ELECTRONIC SUPPLY 
28940 Euclld Avenue 
W~ckcl~ffe. OH 44092 (Cleveland Area) 
(216) 585-7388 
Ohlo Wats. 1 (800) 362.0290 
Outside Ohlo: 1 (800) 321-3594 
Hours Mon -Frl. 9.5 30. Sat. 9-3 

DEBCO ELECTRONICS. INC. 
3931 Edwards Road 
Clncinnatl. OHlO 45209 
(513) 531-4499 
 on.-sat. IOAM-SPM. Sun.12Noon.6PM 
We buy and sell all types of electron~c parts. 

Introductory Price -- I $39.95 Plus $4 Shipping 

UNIVERSAL AMATEUR RADIO. INC. 
1280 Alda Drive 
Reynoldsburg (Columbus). OH 

43068 
(614) 866-4267 
Featuring Kenwood. Yaesu. Icom. 
and Other fine gear. 
ized sales and serv~ce. Shortwave 
specialists. Near 1-270 and alrport. 

PENNSYLVANIA 
HAMTRONICS, 
DIV. of Trevose Electron~cs 
4033 BrOwnsvllle 
Trevose. PA 19047 
(215) 357-1400 
Same Locat~on for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antonlo. TX 78238 
(512) 680-6110 
(800) 344-3144 
Stocking all major Ilnes. San Antonio's Ham 
Store. Great Pr~ces - Great Serv~ce. Factory 
author~zed sales and servlce. 
Hours: Mon.-Fri. 10-6, Sat. 9-3 

Authorized 
~ " T C C  Dealer K4EWC $$$!@ 

ELECTRONICS 
4209 Live Oak Road 
Raleigh, NC 27604 

91 9-832-1025 

OPTO Iambic Keyer 

Ultra compact 5" x 5%" x 1M" OPTO 
lsolated output Battery or DC powered Full 
funct~on lamb~c Keyer Adjustable speed and 

welght One Year Ace Systems Warranty - CALL TO ORDER - a VISA - (81 4) 965-5937 

4Acr S e w  
RD # 1 Box 83. Wilcox. PA 15870 

- We Stock Bencher Peddles - 

'Continental U S Only PA Residents Add 6% SeleS Tax. 

Electronics 1111 Elechonlcr 
Mdlro~ectmnics Oklahoma Comm Center 
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(continued from page 85) 

are displayed on 6" light bars with 3 percent 
resolution. It operates from 1.8 to 30 MHz and 
requires 12 volts DC power. 

The meter sells for $189.95. An AC adapter 
IS $15. A free catalog is available from Palomar 
Eng~neers. PO Box 455. Escondido. California 
92025. Phone: (619)747-3343. 

Clrcle #309 on Reader Servlce Card. 

Other features include: an external DC power 
jack, handy repeater functions, priority watch, 
and a variety of scan functions. Additio~ial 
options include the UT-50 tone squelch unit, 
UT-49 DTMF decoder un~t, and the UT51 
programmable tone encoder unit. Suggested 
retail price is $449. 

For more information contact ICOM America, 
Inc., 2380 116th Avenue N.E., PO Box C-900:39, 
Bellevue, Washington 98009-9029. 

Clrcle #306 on Reader Service Card. 

ICOM Announces New 
IC-PSAT, IC-3SAT, and 
IC-4SAT 

ICOM introduces its new IC-2SAT 2-meter 
m~ni-handheld transceiver. IC-3SAT 220-MHz FM Picture Perfect 
transceiver, and IC- SAT 4 4 0 . ~ ~ ~  mini- Video Digitizer 
handheld transceiver. 

The IC-2SAT has an easy access keyboard 
and built-in rechargeable batteries. Features 
include: 

5 watt power output at 13.8 volts DC 
Built-in NiCd batteries 
48 memory channels 
Quick tuning control 
DTMF code memory 
Built-in clock 
External DC power jack 

The IC-2SAT also has auto power off tlmer 
function, power saver function, and set modes 
for numerous settings. Other features Include: 
ICOM scan functions, priority watch, memory 
masking, memory transfer, and tone squelch. 
Battery packs and a battery case, chargers, 
headsets, and other options are also ava~lable. 
The suggested retail price is $439. 

The IC-3SAT220-MHz FM transceiver features: 
Built-in NiCd batteries 
Tuning control and keyboard 
48 memory channels and one call channel 
DTMF code memory for auto dialing 
Scan functions 
Built-in clock 
External DC power jack with charging 
capability 
5 watt output power at 13.7 volts DC. 

IC-3SAT options include: the UT-49 DTMF 
decoder unit, UT-50 tone squelch unit, and 
the UT-51 programmable tone encoder unit. 
Suggested retail price is $449. 

The IC-4SAT is a multifunctional handheld 
featuring: 

5 watt power output at 13.8 volts DC 
Built-in clock 
Built-in batteries 
Keyboard and tuning control 
48 memory channels 
DTMF code memory 

MFJ Enterprises, Inc. announces the new 
MFJ-1292 "Picture Perfect" Video Digitizer for 
IBM compatible computers. 

The MFJ-1292 is an expansion card for IBM 
or compatible computers that lets you plug a 
camcorder or video camera into your computer 
and use it to capture digitized video snapshots 
on floppy or hard disks. Display these digitized 
video snapshots on your computer screen and 
use your drawing or paint program to add let- 
tering, color, graphics, or other enhancements. 

MFJ-1292 "Picture Perfect" comes with a 
complete software package plus utilities. 01ie 
program lets you capture digitized snapshots in 
VGA, EGA, CGA, Hercules or Raw Data formats. 
You also get programs that let you view your pic- 
tures, capture graphics from your screen into the 
MFJ-1292 format, convert graphics files to MF'J- 
1292format, and transmit your digitized snapshot 
files using your MFJ-1278, MFJ-1270B, MFJ-1274, 
or other packet radio controller. A contrast and 
brightness control unit is included for fine tuning. 

The MFJ-1292 sells for $199.99. For more infor- 
mation contact MFJ Enterprises, Inc., PO Box 
494, Mississippi State, Mississippi 39762. Phone: 
(601)323-5869, FAX: (601)323-6551, or order toll 
free by calling (800)647-1800. 

Clrcle #305 on Reader Servlce Card. 

Cushcraft R5 No-ground 
Radial Vertical 

Cushcraft introduces its new R5 No-ground 
Radial Vertical for 10, 12, 15, 17, and 20 meters. 
The new R5 is the third generation of Cushcraft's 
half-wavelength no-ground radial vertical 
antenna. 

The R5 has optimum current distribution for 
low angle radiation and DXing. The antenna is 
only 17 feet high. It can be used for portable or 
fixed operation and weighs just 9 pounds. 

Automatic frequency selection of all five bands 
is accomplished with high Q traps and a broad- 
band solid-state impedance matching network 
that accepts 50-ohm input through a PL259 
connector. 

The R5 is available through Amateur dealers 
worldwide. For details contact Cushcraft Corpor- 
ation, PO Box 4680, 48 Perimeter Road. 
Manchester, New Hampshire 03108. Phone: 
(603)627-7877. 

Clrcle #304 on Reader SeNlce Card. 

Update to Russian Phrases 
for Amateur Radio 

W6HJK has compiled a new 20-pagesyllabus 
for Russian Phrases for Amateur Radio. A 90- 
minute audio cassette has also been added to 
help with pronunciation. 

The booklet provides English words and 
phrases for QSOs, accompanied by the Russian 
translation and the English transliteration. Sec- 
tions on the Russian alphabet, phonetics, CW 
characters, numerals, and given names are 
included, along with suggestions for address- 
ing mail to the Soviet Union. 

For more information write to: Russian Phrases 
For Amateur Radio, Len Traubman, WGHJK, 
1448 Cedarwood Drive, San Mateo, California 
94403. 

Clrcle t303 on Reader Service Card. 

ICOM Announces New 
lC-726 HFISO-MHz 
All Mode Transceiver 

ICOM introduces the new lC-726. This small, 
lightweight HF transceiver allows band opera- 
tion from 500 kHz to 30 MHz and 50 to 54 MHz. 
Features include: 

100 watts power output 
Wide dynamic range 
26 memory channels 
All mode operation 
Band stacking registers 

The IC-726 also includes 10-Hz digit readout, 
a variety of scan functions, and CI-V system for 
computer control. Options include an HF auto- 
matic antenna tuner and CW narrow filter. The 
suggested retail price is $1299. 

For more information contact ICOM America, 
Inc., 2380 116th Avenue N.E., PO Box C-90029, 
Bellevue, Washington 98009-9029. 

Clrcle #307 on Rwder Service Card. 
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,FCC Exams b ~ e e t i n ~ s  
Advance registration before February 23rd $7.00 - $9.00 at Door 
SwapTables .... 1 or 2 $37.00 each ... 3 or more $45.00 each. 

1 admission included with each table. 
Commercial Exhibits (407) 898-1027 Tables (407) 645-0132 Tickets (407) 671-6194 

Sponsored by The Orlando Amateur Radio Club 

Demodulator Modulator 75 Page Manual 

- 
fl 165 
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NEMAL ELECTRONICS 
.Complete Cabk Assembly farilities MILSI1)4520(1 
*Commerrial Arcounts welcome- Quantity pricing Same day shipping host  orders 
*Fartory authorized distributor for Alpha, Amphenol, &Iden, Kings, Times Fiher 

Call NEMAL lor computer rnbk, CATV cahk, Flat cable, semi-rigid cahk, telephone cable, 
crimping tools, D-suh ronncriors, heat shrink, cahle lies, high voltap ronntctors. 

HARDLINE 50 OHM 
FM 12 l / r  AMM elmk JWW ........................ 89m 
FLC12 l / r  Catdmvmw c w .  coppu blk /*( ...... 169m 
FLC78 7 / r  caw- cw.copper bfh lM ........ xilfl 
N M l X C  N c w  1 / 7  Con "'fl ............ 25 O0 
N M 7 c C  N 7 / q  con copper m/r ............ 54 00 

COAXIAL CABLES (per I?) 
1180 BELlXN 9813 /OW 1- .......................... 55 
r ioz  R G ~ P  ws r k M  1- tt- l f g *  ........ ;; 

............................. r r l o  R C ~ X  95% #weld (mid 8) 
IIW RGZIJ/V ~ 5 %  r w  mil rp.e W ........ 39 
1140 RG214fl dbl J l h  SNd nJI rp.c .................. 185 

........... 1705 RGl42B/V dbl r i h w  rNd, hllon hm 1 50 
i s l o  R G Z I ~ / V  50 50 JOOO w w  d~ SM ......... 98 

.......... 1450 R C 1 7 4 p  50 50 .lW od mil rpec 14 

ROTOR CABLE4 CONDUCTOR 
..................................... 821822 ? - l e a  md a22ga 25 

BCldlO 2-189. ~d b2Oga ..................................... 39 

CONNECTORSMADE IN USA 
mno rp N phg la 13.m @el3 ...................... sa m 
NE723 T p  N I r k  hv lu W 1 3  .......................... 4.05 

mSOU( Anphwrd mJO ............................................. w 
Pf.258TS ~ J O  h h  ku/&w pMd ...................... 1.5Q 
myy\k( ~mphend knwlatwnak ( b m l ~  ................... I r . ,  

............... f f i  175@ 178 /educe/ hv ffi58/58 (sps~l ly)  2 2  
...................... ~ 2 1 ~ s  N plug hx f f i d 2 1 3 2 1 4  Sib 635 

ff i838 N lmk lo ~ f . 2 5 ~  d-, haon .................... a50 
UG14M sozm lo N plug d.p(sr, t e r n  ................. 
f f iz55 so238 lo BM: plyl d.p(sr, h@~7d ........ 
~ 0 2 3 4 4 ~  UHF ~h.uls m( mepnck,4+w,w 89 ........... 
(IGe8C BNC plug R G ~ ~ ,  120 145 

GROUND STRAP-GROUND WIRE {per n J 
................................ CSJB 3 / B  coppr trw 40 

a 1 2  l / r  bnnsd cmI bn id  ................................ 50 
.............. GSZOO 1 . 1 ~  h e ~ y  b m  cop- bnid 2 00 

........................... MYOB 6ga I n t u l W  s b n d . d  wln 39 
................. A w l 4  l4ga sbvdbd Anlwru d m  CCS 14 

Pricm do not include shipping. $3 minimum. VisaIMactercard $30 min. COD add 53.00 
C d /  ff wit8 kw con@& price list N e d ' s  mw 40 p.ge CABLE AND CONNECTCX1 SELECTION G U M  is H.Nahb 
m m c h q  wlch wdon of Uo w m e ,  ff af a c w t  d $4 I*im credtf .BYMI no11 mftpng ordsr. 

NEMAL ELECTRONICS, INC. 12240 NE 14th Ave. N. Miami, FL 33161 
(305) 893-3924 Telex 6975177 Uhr FAX (305)89S417U 



By Tom McMullen, WlSL 

ELEMENTARY 
ELECTRONICS - 
EXPLORING 
RESISTANCE 
Resistance in an electrical circuit 
decreases the flow of electrons. To be 
more specific, resistance regulates 
electron flow. Resistance is one of the 
most useful tools available for controlling 
how many electrons flow and where 
they go. Also, voltage can bedeveloped 
across a resistance, and a series of 
resistances can serve as a voltage 
divider. The list of resistance applica- 
tions is long; I'll examine a few of them. 

Electron movement 
In order to appreciate what's hap- 

pening in a resistor, you need to take 
a look at some basic electron theory. 
You've been told that: (a) electrons 
orbit around a nucleus in an atom, 
(b) electrons are very difficult to 
dislodge from an orbit, and (c) when 
dislodged, electrons move at nearly 
the speed of light. Experience with a 
multitude of electronic devices tends 
to confirm this theory. 

Some materials - like lead, copper, 
silver, and gold - conduct electricity 
very well. This indicates that their elec- 
trons are easily dislodged from orbit. 
Other substances - like carbon, steel, 
n~ckel, and chromium - conduct 
poorly. Still other materials - like glass, 
porcelain, and most plastics - don't 
allow any current flow to speak of. This 
means it's a pretty good general 
assumption that the softer metals (cop- 
per, silver) have cooperative electrons, 
the harder metals (steel, chromium, 
carbon) have electrons that tend to stay 
in orbit, and the really hard materials 
(glass, porcelain) have electrons that 
are almost impossible to dislodge. 
Plastics, although not physically hard, 
have a specialized molecular structure 
that makes them good insulators. 

Moving the electrons 
When you connect a source of 

power (like a battery) to a conductive 
circuit (a wire), the excess electrons 

available at the negative (-) terminal 
try to get to the other, or positive (+), 
terminal - which has a scarcity of 
electrons. Imagine that you can see the 
first atom in a piece of wire, with all its 
electrons spinning about the nucleus. 
Along comes an electron from the bat- 
tery, pushing its way into the crowd. 
There's only room for a specific number 
of electrons in each atom (described 
in the atomic tables found in physics 
reference books), so in order to let this 
new electron in, one must be bumped 
out of place. Because the electrons in 
the outer orbit have less physic:al 
attraction to the nucleus than those in 
the inner orbits, one of the electrons in 
the outer orbit is dislodged. It's interest- 
ing to note that the good conductors 
(copper, silver, gold) all have just one 
electron in their outermost orbit (or 
shell). This electron is called a "free" 
electron because it's more easily dis- 
lodged from orbit than the electrons in 
the inner shells. The electrons of the 
inner shells are called "bound" elec- 
trons and are extremely difficult to 
dislodge. 

Because an electron without a home 
won't survive very long, the bumped 

electron immediately dashes over to 
the atom next door and joins it. This 
dislodges an electron from that atom, 
which moves to another atom, and so 
on, down the length of the wire (see 
Figure 1). Eventually the last atom in 
the wire gets bumped, and the most 
recently dislodged electron finds a 
home in the (+) terminal of the battery. 

This process continues until the 
imbalance of electrons in the battery 
is neutralized and no more current 
(electrons) will flow. At this point, the 
battery is "dead." (Other power 
sources, like rectifiers, also provide 
excess electrons and accept electrons 
from the circuit, but it's easier to work 
with a simple cell or battery when 
exploring basic theory.) 

Even though this representation 
deals with one atom at a time, remember 
that there are millions of atoms in a 
piece of wire, and that this action is 
taking place in all of them at the same 
time - causing a great number of 
electrons to move at once. In fact, the 
description of a Coulomb (C) involves 
the number of electrons that pass a 
given point in one second: 

1C = 6.28 x 1018 electrons per 
second 
This also is a current of one ampere. 

Controlling the flow 
To put the electron flow to use, you 

must be able to control the amount of 
current flowing in a circuit. If all the 
electrons available at the negative ter- 
minal of the supply were to rush 

I ELECTRON FROM T " ~ ~ ~ ~  * ELECTRONS 
POWER SUPPLY - - - -2. - - -- - 

COPPER ATOM @-@ SECOND NUCLEUS SHELL 

(18 ELECTRONS) 

OUTER S H E L L L '  -GNNER SHELL 
( 1 ELECTRON) ( 8 ELECTRONS) 

In this simplified representation of copper atoms, an electron from an external power source 
joins the outer orbit (shell) of an atom, dislodging its "ffke" electron. That electron migrates 
to the next atom, and so on. This action Is repeated for the length of the wlre as long 
as the power source povides extra electrons. 
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HAM SOFTWARE IBMlCompatibles 10 disks $26.95. 
MCNISAIDiscwer. N5ABV EAPCOIH. Keller, TX 762480014. 
(81 7) 496-4242. 1-800-8647208. 

CHASSIS AND CABINET KITS. SASE. KJIWK, 5220 Har- 
mony Grove Rd, Dover. PA 17315. - 
PK232 QUICK REFERENCE. All commands throuoh the 
October 1989 flrmware rev~slon funct~onally grouped" Send 
$4 95 to Bryan R Lelpper. KICD. 714Terra Court. Reno. NV 
89506 

POLICE,FIREFIGHTER HAMS. Please send vour call, name. 
address, rank, department name for lnclus~on In specla1 ros- 
ter, ava~lable early 1990 Capt Bob Blaneslee. N2IHQ. 1-112 
Macomber Avenue, Blnghamton. NY 13901 

held responsible for claims made. Liability for 
correctness of material l imited to  corrected ad 
in next available issue. 

DEADLINE 15th o l  second preced~ng 
month. 

SEND MATERIAL TO: Flea Market. Ham 
Radio, Greenville, N.  H. 03048. 

BEGINNER'S RADIO CLEARINGHOUSE. On a space avall- 
able basis, we are going to over you, OUR SUBSCRIBER. 
free ot charae. a chance to flnd a home tor vour used equip- 
ment with a"new Ham. Please send us a short description of 
what vou want to sell alona with  rice. name, address and 
phoni number. We'll run ~ ionce in a specla1 sectlon of Ihe 
classified ads under the heading of BEGINNER'S RADIO 
CLEARINGHOUSE. Please limit your ad to 20 words or less 

anenuator. LOG output calibrated in 10 db steps. For com- 
Dlete kit. order %45&KIT $459.95 ~ l u s  $4.50 slh. For assem- 
bled and tested unit. order 450-AST. $799.95 olus $6 50 slh. 
Calif residents add 6% sales tax. ~o iG~no rde ; s -add~ l~~ fo r  
shipping. A & A Engineering. 2521 W. LaPalma, #K. Anaheim. 
CA 92801. (714) 952-21 14. 

WANTED: Technical information on Rubidium Frequency 1989 CALLBOOK - US $14. foreign $17. Only have one Copy 
Standards made by CollinsIGenRad (0-16221AFS-81 Also each, include SASE in case already sold. Nate Williams, 
interested in wares and Darts for two units. Kirk iailev, WSGXR, 6915 Prairie Drive, Middleton. WI 53562. 
N7CCB, PO Box 1702. Coballis, OR 97339. (503) 753-9051. - 

INTERESTED IN PUBLIC SERVICE? Join your Local Radio 
RTTY JOURNAL published 10 times er year for those Emergency Associated Communications Team. In PeIInsyl- 
interested in digital communications. i ead  about R m ,  vanla call (71 7) 9386943 or write REACT. 1160 Old Trail Rd. 
AMTOR. MSO'S PACKET. RTTY DX and Contestino. Plus Etters. PA 17319. 
technycal arilil&s conieitlng the dl ltal mOdes -612j0 per 

[foretgn hlgher) R m  J O ~ R N ~ L ,  9085 La cas~ta A V ~ ,  ANALOG AND RF C O N S U ~ ~ O ~  the sari Francisco B ~ Y  
ountaln Valley, CA 92708 area Commercial and mll~tary clrcults and systems James - Long, Ph D . N6YB (408) 733-8329 . . 

CUSTOM MADE EMBROIDERED PATCHES. Any size, 
shape, colors. Five patch minimum. Free sample, prices and RUBBER STAMPS: 3 lines $5.00 PPD. Send check or MO 
ordering information. HElN SPECIALTIES, Inc., 7960 SW to G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117. 
Man~tou Trarl. Glen Arbor. MI 49636. (616) 334-4385. SASE brings information. - .  

missions allowed. 
- 

IBM-PC RTTYICW. New CompRtty II is the complete 
HAMFESTS Sponsored by non-profit or- R W I C W  pro ram for IBM-PC's and compatibles. Now with 

ganizations receive one free Flea Market a d  larger buffers.(bener support for packet units, ictures, much 
more. Vi?ually any speed ASCII, BAUDOT. 8W. Text entry 

(subiect lo our editino) o n  a space available via built-~n screen editor! Adiustable s ~ l l t  screen dls~lav. 
lnstand modelspeed change. 'Hardcopy; diskcopy, break-fn basis Only. Repeat insertions of ads 
buffer, select calllng, text file transfer, customizable full screen pay the non-commercial rate. l o g p %  24 programmable 1000 character messages. Ideal 

COPY N o  special layout or arrangements for A Sand traffic handling. Requires 256k PC or AT com- 

available. Material should b e  typewritten or patible, serial pon, RS232C.TU. $65. Send call letters (includ- 
ing MARS) w~th order. Dav~d A. Rice, KCPHO, 144 N. Putt 

clearly printed (not all capitals) and  must in- Corners Rd, N ~ W  Paltz. NY 12561. 
c lude full name and address. W e  reserve the 
right to reject unsuitable copy, Ham Radio can- LET THE GOVERNMENT FINANCE your small business. 

Grantslloans to $500,000. Free recorded message: 707-448- 
not check each advertiser and thus cannot b e  0270. IKH51. 

- -  - 

SLEP SPECIALS: Plate transformers for amplifier builders or 
replacement, Gonset PIN 271-107 for Models 903.913 linear 
amplifiers. 115VACl1850V at 500MA, size 5-114L x 4-114W x 
6112H. Wt 18 Ihs. new 837.00. Militarv USM-207 freouencv 
oou&r. late m&l s6l!dsiale, elght dl61 readout 0-d M H ~ .  
hlgh slablllty crystal oven oscillator, slze 19"W x 5"H x 17"D 
Lab quallty tested $185 00. Mllltary URM-25H portable slg- 
nal generator, 10 kHz lhru 50 MHz, callbraled output. Ideal 
for radlo repalr $145 00, have quantlty satlsfactlon guaran. 
teed, VISAIMC or check, add shippin write1 hone Bill Slep. 
704-524-7519. SLEP ELECTRONIC~!~COMBANY, Highway 

. . - 
STOP BEING STARTLED by those high volume transmissions! 
The REGEN-I module automatically maintains the voluma level 
oa amateur business (police fire power companies fleet 
operators btc.), CB, marine radios and scanners: The 
REGEN-I kill amplify low signals as well as attenuate a stron 
audio signal to keep volume at a nearly constant level regar8 
less of incoming signal strength. The REGEN-I amplifies the 
low level si nals u to 100 times and reduces un-squelched 
FM hiss. T%e REgEN-I eliminates the need to constantly 
manipulate the volume control to compensate for changing 
signal strength and modulation levels. Quietly, instan- 
taneously, with no turn on delay amplifies and attenuates! 
ldeal choice for Base and Mobile iransceivers and Scanners 
where a constant receiver audio level is important for safet 
and convenience. Compatible with sets using A U D I ~  
ATENUATOR type volume controls (Most transceivers in 
usel). Operates from the radio's ower source.,8 to 35 VDC 
9 10 ma. Simple instruction inclu&d lor installallon; attaches 
with adhesive foam backhg. PRICE: $49.95, includes ship 
ping. $10.00 off for prepald orders recetved tn the marl or by 
FAX (Credit card 0rders)l Must refer to this ad! Master 
CardNlSA MO Checks OK. No cash or COD'S please. 
EMULATION ASSOCIATES, 520 Glenbrook Road, Sulte 203- 
A. Stamford. CT 06906. SALES: 203-356-1632. FAX: 203323- 
9044. - 

IMRA International Mission Radlo Associalaon helps mnsmn- 
arms Equipment loaned. Weekday net. 14 260 MHz. 1-3 PM 
Eastern. Nine hundred Amateurs m 40 cwnlrles. Rev. Thomas 
Sable, S.J.. University of Scranton. Scranton, PA 18510 

FOR SALE: Kenwood R-2000 SW receiver. $400. Ranger 
AR-:flW 10 meter, IOOW mobile XCVR, $300. Both excellent 
condition and appearance. Matt, WAIHRE, (203) 693- 
046fY693-6596. Leave message. - 

441. Otto. NC 28783. 

BEAT THE COLD! Melbourne, FL OTH: 4:2:2 (3100 sqlft) 
house. 1.6+ acres. 220V wired shack with coax races built 
in. RHON125 pad, workshop, pool, sprinkler system, in the 
country no restrictions, many tall pines and oaks, easy com- 
mute to Cape Canaveral, close to fishingbeacheslshopping. 
SAE for details and photos. $209,000. NODHl4. 

SWAN CW117XC TR*NSCEIVERIPS $250, 
DIGITAL AUTOMATIC DISPLAYS. An Radio. Be specific. 

TS820S Transceiver Y150, David Gater, WDIMWR, 1000 Tar. Large 45 cent SASE. GRAND SYSTEM:. POB 2171. Blaine. 

m n  Ct. Nokomis. FL 34275. (813) 4858937. WA 98230. 
- r - . - . .  .~ . , . 

,OM(rFM CBBoa~nstructions$9,95, FMDET AVANTEK ATF10135, $12.00. MMIC's, P.C. board, SASE: 
Kit $7.00. 4{ channel switch $5.00. Crystal $5.00. SONOL 7148 Montague=ade'phia, PA 19135' 

$ ~ $ u ~ ~ ~ ~ i ; $ ~ ~ , d ~ ~ ~ ~ ~ $ ~ h h $ ~ i W d ~ i  ,';"&R,"zz: "HAMLOG COMPUTER PROGRAM. FUII features, I 7 mod- 
ules. Auto-lo s 7 band WASIDXCC. Ap le $19.95. IBM 

FOR SALE Dxloo, Nc30xh ncellent comition and CP/M* W Y P ~ O ,  G~Y. ~ 1 2 8  $2495 H~KAIAWH. POB 

ooerational. W3SAA. (2151 332-8998. 2015, Peabody, MA 01960. - . . 

VHFIUHF for 6Mcm, Catalog, TEC, PO Box TEST EQUIPMENT-reconditioned (guaranteed), terrific 

1743, Melbourne, FL 32902. (407) 6765907. 
prices, NBS Calibration available. VISA, MIC, Amex, COD. 
ELECTRONIC SURPLUS, INC, 4350 Town Plaza, Suite 203, 

WANTED: Pre-1942 T R A ~ ~ ~ ~ ? E R .  An condition or part Houston' TX 77045' (713) 728-9718' 

, m i  
WANTED: ~entron CM-u.= 118 ~llzabeth Drive, Aber. 

(9141 691-6247. 
deen. SD 57401. 

ELECTRON TUBES: Receiving, transmitting, microwave ... all 
t pes available. Large stock. Next day delivery, most cases. 
~ A I L Y  ELECTRONICS. PO Box 5029, Compton, CA 90224. 
(21 3) 774-1 255. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo. CA 94806. 

COMING EVENTS 
Activities - "Places to go . . ." 

INDIANA: December 31. South Bend. Hamlest Swap & Shop. 
December 31, last day of 1989 BEFORE New Year's Day at 
CENTURY CENTER downtown on U.S. 33 ONEWAY North 
between Trustcorp Bank Building and river. Four lane high- 
ways to door from all directions. Tables: $515 ft. Round; 
$1518~2.5 rectangular; $2018 R. Wall locations. Over half acre 
on carpeted f l w f  Electric NO charge- Bring long cord. Talk 
in 52. 39, 09. 94, 145.29. Call 219-233-5307, write Wayne 
Werts, K9IXU. 1889 Riverside Drive. South Bend. IN 46616. 

FLORIDA: January 20. The 10th annual Citrus County Ham- 
test sponsored by the Sky High ARC, National Guard Armory. 
Crystal River. 0 en lo public 9 AM. Exhibitors 7 AM. Tickets 
$4ladvance b 8ec. 20 and $5 at door. XYL's free with OM. 
Contact Del ~ k u m  (904) 7260725 or write SHARC Hamfeat, 
3101 E. Oakton, Hernando, FL 32642 for tickets, tables, flea 
market mace or info. - 
NEW YORK. Janua 21 Electronics Fair and Giant Flea Mar- 
ket sponsoied by tXe Metro 70cm Network. Lincoln High 
School. Kneeland Avenue off Yonkers Avenue. Yonkers. 
Setup 8 AM. Public 9 AM. Rain or shine. Admission $3. Tables 
$12. Contact Otto Supliski, WB2SLO. 53 Hayward St. Yon- 
kers. NY 10704. (914) 969-1053. 

MISSOURI: Janua 27 The St Louis RepeaterClub's "Win- 
terfest", Stratford%oise, 1-44 just west of 1-270. 9 AM to 
3 PM. Sellers admitted 7 AM. Features VE exams, indoor flea 
market and refreshments. Admission $1.00 per person. 
$5lselling space. For reservations and information call 
WAOFOK. (314) 351-7732. 

YAGl BUILDERS. 6061-T6 tube traps. Good for 1500 PEP. 
- 

tact Net Control, George Manning. WB5NMH. 602 Glendale 
FREE Ham Gospel Tracts, SASE, Steve Forst, N3FTT. 5133 St. Burkburnett. TX 76354. 
Gramercy, Clifton Helghls. PA 19018. FREE 1989-90 Florlda two meter repeater directories are cur- - - 

WANTED: nam equipment and other property, ~h~ fladio feMtly being distributed by the Hemando County Amateur 
club of junior nigh school 22 NYC, lnc. is a nonprofit orga?i. Radio Assn. of Brooksville, FL. Ask for one at any official 
zation, granted 501(C) (3) status by the IRS, incorporated wlth Florida Welcome Canter Or SASE Repeater Her- 
the goal of using the theme of Ham Rqdio lo further and "ando County ARA. PO6 1721. Brooksville, FL 34605-1721. 
enhance the education of young people natlonwide. Your prop 

- 
erty donation or financial suppo? would be greatly appreciated LAUREL ARC (except December) Amateur exam ses- 
and with a receipt for your t* con. sions for all license cIaSSeS. No fee is charged. Preregistration 
tribution. If you call or wrlte today it's not too late to get a 1 9 ~  is required. Call (301) 7251212. Maryland Radio center. 8576 
tax deduction. It's easier, faster, and usually more profitable Drive. Laurel. MD '0707. 
to donate than to sell. Most Important, you're helping. Write 
us at: PO Box 1052, New York, NY 10002. Round the clock ~ " , $ ~ ~ ~ ~ g " , ~ ~ ~ C ~ ~ $ ~ ~ ~ ~ ~ ~ ~ ~ ~ " , " ~ i " , ~ , " , " , " b " ,  ~~~~~~~~ hotline: (516) 674-4072. to TechlGeneral. the Chelsea Civil Defense. in coo~eration 
450 MHz ANAcAdapted from Nov 85 oST with OR4 fladio'club, will sponsor Ama1eur'~adio kommu- 
article by AI K2BLJ,, F ~ ~ ~ ~ ~ ~ ~ :  ~h~~~ digit L~~ nicatlons classes evenings at Chelsea High School starting 
ter frequency digital readout, 12 position calibrated Scan MARCH 7, 1989. For more information write Frank Masucci. 
Width, k ~ z  to 50 MHZ, switchable bandwidth; Wide 300 KIBPN. 136 Grove Street, Chelsea. MA 02150. Please 
kHz Narrow "0 kHz. Use your low frequency scope for the enclose number, 
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through the circuit immediately, you 
would quickly have a dead battery, 
and the wire would probably vaporize 
in a bright flash (more on this later). 

Reducing the size of the wire is one 
method of controlling current flow, but 
this really isn't practical. A piece of wire 
the size of a hair still contains several 
million atoms in a cross section. By 
selecting your materials carefully, you 
can build a current-restricting device. 
Interestingly enough, it's called a 
resistor because it resists the flow of 
electrons. 

One of the most common resistor 
materials is carbon - a very hard sub- 
stance. By carefully controlling the 
mixture of carbon with other materials, 
and the size and shape of these 
materials as they are combined in the 
resistor, you can tailor resistance to 
suit a particular need. Smaller numbers 
of electrons moving through a circuit 
will be admitted into a carbon- 
composition structure, allowing fewer 
electrons to flow at any given time. 

Early resistors were simple rods 
made of carbon and some type of 
cementing material. Some were 114 inch 
in diameter and 1 or 2 inches long; 
some were the size of the lead in a 
pencil and 112 inch or less in length. 
These carbon rods had wires wrapped 
around their ends and were glued in 
place with conductive paste. Later 
models had a similar rod structure, but 
used a crimped brass or copper cap 
on the end; wires were either welded 
or soldered to the caps. Modern day 
resistors come in a variety of sizes - 
some are still 114 inch or more in 
diameter, while others are tiny chips 
less than 0.1 inch square. There are 
also variations in the materials used. 
Carbon-composition resistors are still 
the most widely used type (see Figure 
2). There are also metal film resistors 
made of a very thin metallic film 
deposited on a ceramic or glass base 
with attached leads. Some resistors are 
made out of ceramic tube covered 
completely with resistive material, with 
portions of the material etched away 
in a spiral path to obtain the desired 
resistance. 

Using resistance 
Resistance has so many uses that 

I can't begin to discuss them all here. 
Let's look at some of the most common 
ones. 

Current limiting. A resistor placed in 
an electrical path limits the number of 

I OUTER 
PROTECTIVE 
BODY- I 

I WIRE LEAD I 
A cut-away view of a carbontomposition 
resistor. The composition determines the 
resistance and the physical size determines 
the heat (power) dissipation capability of 
the resistor. 

A resistor in series with an LED serves to 
limit the current flow through the LED, thus 
preventing the diode from burning out. 

A resistor in series with the collector of a 
transistor limits current flow. At the same 
time, it provides a voltage change that varies 
with the drive signal applied to the transis- 
tor base. 

electrons (current) that can flow, thus 
protecting the device in the circuit from 
being overheated by excess current. 

A good example of this situation is 
the resistor that's almost always used 
in series with an LED indicator (Figure 
3). The LED, being a diode, will con- 
duct at approximately 0.45 volts. But 
most of the circuits using LEDS have 
a 5-volt supply. The series resistor limits 
the current that can flow in the diode, 
and also drops the supply voltage to 
the level the diode needs to conduct 
and illuminate. Transistors and vacuum 
tubes require a similar protection 
scheme to prevent the burnout that 
results from too much current flow. 

Current-restricting resistors can be 
used in another way. As shown in Fig- 
ure 4, the resistor between the supply 
voltage and the transistor collector will 
limit the current flow and, in doing so, 
will cause a voltage difference between 
one end and the other. Because voltage 
is related to current flow and resistance 
(Voltage = Current x Resistance), you 
can change the voltage across the 
resistor by changing the current flow. 
This is how a "signal" is developed. 
Changing the driving signal to the base 
causes the transistor to conduct more 
or less, changing the current flow and, 
in turn, creating more or less voltage 
across the resistor. This voltage change 
is thus a larger (amplified) replica of the 
input signal to the transistor. 

Voltage divider. Sometimes you 
need a voltage less than that available 
from the supply. Conveniently, several 
resistors can be placed in series to pro- 
vide a selection of voltages at each 
junction (see Figure 5). Note that the 
total current flow is determined by the 
total resistance in the circuit (R1 + R2 
+ R3 + R4, and so on), while the 
voltage across each resistor is deter- 
mined by the current flow and the 
resistance of that individual resistor (I 
x R). Also note that the sum of all the 
voltages must equal the supply voltage 
- nothing is lost or unaccounted for. 

Current divider. What can you do 
when the available resistors can't han- 
dle the current fled Place two or more 
resistors in parallel so the current flow 
is divided among them (Figure 6). For 
instance, say you have a circuit that 
must dissipate 2 watts of power (Watts 
= Current x Voltage), but you have 

Several resistors in series provide a voltage 
divider. Note that the voltages shown are for 
the resistor only. Any load connected to a 
voltage point wlll use extra current, which 
will decrease the voltage at that point. 
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only 1-watt resistors. Use two resistors 
of equal value in parallel. Because half 
the current is flowing in each resistor, 
each is now dissipating (passing current 
without overheating) 1 watt. However, 
in order to have the same voltage 
across the pair, you must use resis- 
tance values that are twice that of one 
resistor. This is because resistors in 
parallel decrease the effective resis- 
tance according to the formula: 

R(total) = 1/((1/Rl)+(l/R2)+(1/R.. .)). 
There are a couple of interesting 

rules involved here. First, the voltage 
is the same across all resistors. Second, 
if the resistors aren't the same value, 
the resistor with the lowest value will 
carry the most current (see Figure 7). 
It's also interesting to note that the total 
current in the circuit is the sum of all 
the currents in the branches: ](total) = 
I(R1) + I(R2) + I(R ...). 

The current-divider principle can 
provide a very accurate means of find- 
ing an unknown resistance. This is 
called a "bridge" circuit or sometimes 
a "Wheatstone" bridge (see Figure 8). 

The circuit is made up of four resis- 
tors: R1 and R2, which are of the same 
value; R3, which is variable with a 
calibrated dial; and Rx, which is an 
unknown value. If the resistance values 
are the same on both sides of the cir- 
cuit (R1 + R3 = R2 + Rx), then the 
current flow is equal for both sides. A 
very sensitive meter (usually a 
microammeter) is connected across 
the bridge; it won't show any reading 
when the two sides are balanced. If Rx 
is not equal to R3, then the current flow 
is not equal in both sides of the bridge, 
and the meter will deflect toward either 
R3 or Rx - whichever has the lowest 
resistance. Determine the value of Rx 
by changing the value of R3 until the 
meter shows a zero (center) reading, 
then reading the value of R3 from the 
meter's dial. This principle is used in 
electronic circuits from detectors to 
mixers to SSB generators, along with 
S-meter circuits, and many more. 
Variations of this circuit work with 
measuring inductance, capacitance, 
and impedance, and with AC or DC 
currents. 

Hidden resistance 
Sometimes resistance isn't obvious. 

This hidden resistance may be either 
a help or a hindrance. Another name 
for hidden resistance is internal resis- 
tance. An example of "good" internal 
resistance is illustrated in the battery 

Resistors in parallel allow the current flow to be divided between them. 

Unequal resistors in parallel carry unequal currents, but the total current Is the sum of 
all the currents. Add the totals of R1, R2, and R3 to find the I(tota1). 

A "bridge" circuit is useful for many things, 
lncludlng finding the precise value of an 
unknown resistor (Rx). See text for a 
description of how the circuit works. 

and wire experiment in last month's 
column. Fortunately, the battery has an 
internal resistance that's large enough 
to keep infinite current from flowing. 
Otherwise, the wire would have vapo- 
rized - along with the compass, your 
fingers, and perhaps a good chunk of 

cal (electrolyte) in the battery is able to 
"liberate" only a limited number of free 
electrons and make them available to 
external circuitry. The down side is that 
this same resistance limits the available 
current. This means that when your cir- 
cuit needs more current, you have to 
use a physically larger battery. 

Internal resistance makes things 
complex in ordinary meters - like volt- 
meters, ammeters, and ohmmeters. 
These are all basically current- 
measuring devices, with resistance 
networks and calibrated scales that 
allow you to interpret their reading in 
volts, amperes, or ohms. The most 
common type of meter uses a very 
small coil of fine wire placed between 
the poles of a magnet. When current 
flows, a magnetic field is generated 
which reacts with the magnet. The 
resulting "push" between the two mag- 
netic fields causes the coil and its 
attached pointer to move to the loca- 
tion where the force of the field is 
balanced with that of a small spring 
attached to the pointer. This small wire 
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has resistance which limits the current 
flow. This is good because it helps pre- 
vent the meter's coil from burning out. 
However, this resistance must be taken 
into account when the meter is 
manufactured and calibrated, and 
adjustments must be made in the resis- 
tor network to obtain accuracy. You, 
too, will have to account for this inter- 
nal resistance if you ever try to 
recalibrate the scale of a meter by plac- 
ing it in series with another well- 
calibrated meter. All electronic devices 
have internal resistance, which often 
provides protection against excess cur- 
rent flow. In most cases, this resistance 
is also necessary to make the device 
work. Just remember that it exists and 
allow for it in your circuitry whenever 
precision is vital. 

In summary, resistors play an essen- 
tial part in the world of electronics and 
can provide material for some fascinat- 
ing experiments in how electrons 
behave. Pick up a grab bag of resis- 
tors at your next hamfest and try some 
circuits - series, parallel, series and 
parallel, and bridge - to see what 
happens when you use various values 
and combinations.m 
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and test equ~pment used by ham rad~o I I operators, hobby~sts, sc~entlsts, en- I 
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1500 + WATT TRANSMATCH KIT $169.95 
KITS 

. . . . . . . . . .  
. . . . .  WI G3RUH, PSK Packet Modem.. .$111.00 

G3RUH, OSCAR 13 Telemetry Demod .$144.95 
QRP 20, 5w, 20 meter Transceiver (HR 1189).$124.95 

. . . . . . . .  QRP 15,5w, 15 meter Transceiver. $129.95 
. . . . . . . . .  W l  FB 160180 Pre Amp (QST 8188). .$22.95 

. . . . . . . . . .  K9CW Memory Contest Keyer. .$109.00 
. Yaesu FRG-9600, .1 to 60 MHz Converter.. .$84.95 

...... 20m CW, 15w Transceiver (H.R. 6187). $159.95 
. . . . . . . . . . . . . . . . .  50W 75M SSB SCVR.. .$179.95 

BASIC KIT-INDIVIDUAL ITEMS Factory Wired 
1-rotary inductor 28ch.. . . . . . . . . .  .$59.00 Complete AmeritronTTen-Tec Llne.. .CALL . . . . . . .  

. . . . . . . . . . . . . .  2-6:l ball drives. . . . . . . . . . . . . . . . . .  513.00 ea. BRW PT-2500A Amp. .$1,670.00 
1-0-100 turns counter.. . . . . . . . . . .  $65.75 BBW VS 1500A Tuner. . . . . . . . . . . . . . . . . . .  $388.00 
1-turns counter, economy (Groth). . .$19.95   el-Tech DVK-100A (Free Repeat Optlon). . .$269.00 
2-variable capacitors Vislt Our New Store At 

25-245 pf 4500 V.  . . . . . . . . . . . .  $44.00 ea. 15 Londonderry Rd. Unit 8 Catalog $1.00 
Londonderry, New Hampshire WXlMasl9rCard 

OPTIONS- 
enclosure (pictured in Sept. 86 CQ). .$78.00 RADIOKIT @ P.O. BOX 973 Shipping Extra 
4:l balun kit. . . . . . . . . . . . . . . . . . . . .  $22.50 Pelham, NH 03076 (603) 437-2722 
dials, termlnals, chassis. ceramic standoffs, hardware. toroids, amp components, B&W coil stock, elc. 
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DEPENDABLE SERVICE 
AT THE RIGHT PRICE.. . EVERYTIME t 

FT.1000 
THE BEST OF THE BEST 

200 WattsOutput 
All Amateur Bands 
Dual Receive 
DDS-Direct Digital Synthesis 

CALL FOR ALL THE DETAILS! 

- TS-950SD 
TRANSMITTHE ULTIMATE SIGNAL 

Digital Signal Processing 
Dual Frequency Receive 
Digltal AF Filter 100 Memories 

CALL FOR DETAILS AND 
ORDER TODAY! 

45W on 2Ml35W on 70crn 
Receive on both 
Bands at Same Time 
Extended Recelver Range 
More Features for the Money 
Than Anyone Else 

CALL TODAY! 

Bul l t -~n  Autornat~c Antenna 
Tuner and Power Supply 
99 Memories 100 W Output 
160-10MIGeneral Coverage 
Receiver 
Band Stackina Realsters 

Y!fisu 0 lCOM NEW ULTRA e-725 COMPACT I AU!ZRizeaR 
HF TRANSC"'c4 

FT-736R VHF UHF BASE STATION 

SSB CW. FM on 2 Meters 

* 
and 70 cm 

/ T S - 1 4 0 s  AFFORDABLE DX tngl USBILSBICW AM RCCPIVC Full K~lowatt Output Optconal50 MHz, 220 MHz or 
Oplronal Module for AM 160-15 Meters 

HF Trdnscelver Wlth 1 2GHz Transm~l and FM TXlRX 3-500 Z Tube for Maxlmum Life 
General Coverage Rece~ver ' 25 Output On Meters. . 160-10M Operation . I O O W O ~ ~ ~ U I  Preclse and Easy Tuning 
All HF Amateur Bands 220 and 70 cm Recelve 30  HZ lo 33 MHZ Step Start Inrush ProtectlonTY 
100 W Output 10 Watts Output on 6 Meters 26 Memortes wllh Band 
Compact. Lots of Features and 1 2 GHz 100 Memor~es Slacklng Reglslers SPECIAL SALE! 

J 

KENWOOD 
SPECIALS c 

TS-440, Compact  H F  A 
TS.140, A f fo rdab le  H F  L 
TS-680, H F  Plus 6'Meter L 
TM.231,2 Meter  M o b i l e  
TM-731, Dualband, F M  N 
TM.701,25W, 2M1440 M H z  0 
TH-75,2M170crn H T  W 

COMPACT DUAL BAND. FM 

140-150 MHz; 
440-450 MHz 
5W Output 
Crossband Full 
Duplex 
40 Double-Spaced 
Memories 
4 DTMF Code Memories 

COMPACT DUAL BAND 
FM HANDHELD 

(2Ml70CM) 

21 Memories lor Each Band 
Dual VFO's lor Each Band 
Up lo 5 Walls Power 
Built.in CTCSS 
Bu~lt.in 10-Memory DTMF 
Autodialer 

CHECK OUT ALL THE FEATURES! 

MFJ MFJ ( LARGEST STOCK OF A L L  

MULTI-MODETN 
AMTOR. ASCII. Baudot, CW. 

YOUR M F J  FAVORITE 
ACCESSORIES 

C A L L  TODAY FOR 
BEST PRICE AMPLIFIERS 

Hlgh Gain. Low No~se 
GaAsFET Pre.Arnps 
High VSWR Protection 
Over Power Shutdown 
High Speed RF 
Switching Relays 
Made In USA 

- . - - - . - - - . - 5 m i .  .:I 
-- 

MFJ-1278 
Multi-Mode Data Controller 

CALL FOR EXTRA SAVINGS - a 

FAX, NAVTEX, Packet 
HR-2600 10 Meter  M o b i l e  . PAKMAIL,MMaiIbox With 

Thlrd Party Traffic 
Two Radio Ports 

Great Deals On Scanners Too! - 
ty, M 0  64 

- 
all Toll Fr )n.-Fri. 9 

uri Call- 
Sat. 
3118 

- 6pm Mc 
In Misso 

WANTED: OUALlTY USED GEAR, CASH OR TRA 

i Lane K 
Peal r 



OPTOELECTRONICS 

You have counted on OPTOELECTRONICS And more and more of you are counting on 
Hand Held Frequency Counters to be the us, technicians, engineers, law enforcement 
best quality, to be affordable and reliable. officers, private investigators, two-way radio 
We have been there for you with Frequency operators, scanner hobbyists, and amateur 
Counters that are compact and ultra sensitive. radio operators, just to name a few. 

Hand Held Series Frequency Counters and Instruments 
MODEL 221 0 1300HlA 2400H CCA CCB 
RANGE: FROM 10 Hz 1 MHz 10 MHz 10 MHz 10 MHz 

TO 2.2 GHz 1.3 GHz 2.4 GHz 550 MHz 1.8 GHz 
APPLICATIONS General Purpose RF Microwave Security Security 

Audio-Microwave 
PRICE $21 9 $1 69 $1 89 $299 $99 
SENSITIVITY 
1 KHz < 5 mv N A N A NA N A 
100 MHz < 3 mv < 1 mv < 3 m v  < .5 mv < 5 mv 
450 MHz < 3 m v  < 5mv  < 3 m v  < 1 mv < 5 mv 
850 MHz < 3 m v  < 20 mv < 5 mv NA < 5mv  
1.3 GHz < 7 m v  < 1 0 0 m v  < 7 m v  N A < 10mv 
2.2 GHz < 30 mv N A < 30 mv NA < 30 mv 1 
ACCURACY ALL HAVE + I -  1 PPM TCXO TIME BASE. 
All counters have 8 digit red .28" LED displays. Aluminum cabinet is 3.9" H x 3.5" x 1". Internal Ni-Cad batteries 
provide 2-5 hour portable operation with continuous operation from AC line chargerlpower supply supplied. Model 
CCB uses a 9 volt alkal~ne battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories 
is available. Orders to U.S. and Canada add 5% to total ($2 rnin, $10 rnax). Florida res~dents, add 6% sales tax. 
COD fee $3. Foreign orders add 15%. MasterCard and VlSA accepted. 

Orders to U.S. and Canada add 5% to total ($2 min. $10 rnax). Florida residents, add 6% sales tax. COD fee $3 
Foreign orders add 15%. MasterCard and VlSA accepted. 

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue Fort Lauderdale, Florida 33334 

1-800-327-5912 FL (305) 771-2050 FAX (305) 771-2052 4 174 



A n l r ~  & Theirs Compare ... Id.C 

Choosing the radio that's right for you can be 2 METER HANDIIELD 1 !I:\[ ICOM KEN WOOD 

pretty confusing. That's why we decided to m a k t 1  
SPI:CIFICATION\ F1-1 l l \ l  l IC-2SAT/l('+iSAT TH THZlbflH4l.i 

rt as simple as possible for you to see how these Zlr.rt~~~r\ ( h 1nr1t4s 1') 1'3 I0 

Yrtesu hand-held.; stack up against the cornpeti- I 1.1 I\ 2 I I 

t ion. No boasts, no sales pitches,.just a factual +!c~~ntrr\ ('hdnnels SIIIN. 10 lo 10 
\n \  Olfsc~1 

s i d e - b y - s i d e  comparison of "ours" versus "t heirs." 
13ecausc~ Yaesu quality speaks for itself. \\ 111c. I i tbtr~\rr  Frrquc~nt.h 1{,111gr~ 140  17'1 119 171 1 1 1  I(il 

[\lll7)-YIIF 

YAE SU 
1721 0 Edw irds Road Cerr~los  CA 90701 (800) 999-2070 

Ruill-in ('TCSS I:nt~cxl~~/l)t~c~trlt~ Inclt~ele~d Opl ion Ent.~rlc~ Only 

C'T( 'SS Paging / 0111 ic~n - 

Sc.;~n For ('TC'SS TIIIII- b+' - - 

(hid Split, :\n) T s  Or Its Frc~cluc~nty .1!1 111 I 
111 :\ny \lc.n~c~ry CI~;lrlnc~l 

DllAlrRAND HANDHELD 1 1 . 3 1  ICOM KENWOOD 
SPE('IFICAT1ONS 1:1.170 IC-:$THZAT Tll.7514 

\\'irlt, I(rcr.iv~r Fn.clucbnr\ Il;~ngc* .l:HI..l50 .I in-.i>fl -I:#--1511 
( \ l l l ~ ) - ~ ' I l F  
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Cross nilr~cl R C I U ~ R I ~ T  v - - 
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